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 Foreword

Well, this second edition of  Feline Emergency and Critical 

experienced clinicians can. We are greatly appreciative of 

 Care Medicine is finally completed. It has been a long pro-

all their efforts, as we are sure that you will be as well. We 

cess delayed by personal injury and health issues, the pan-

hope this book brings you the information that you need, 

demic,  and  just  simply  the  overwhelming  busyness  of 

especially in these trying times of the overwhelming need 

clinical medicine these days. But our authors have stuck 

for  veterinary  care.  In  fact,  we  dedicate  this  issue  to  all with it and the textbook is finally here! This current edition 

those clinicians “in the emergency trenches” who work all 

bears the same philosophy of the first edition in that we 

the strange hours and deal with the most demanding of 

have asked our authors to give us those principles and tech-

cases. What would veterinary medicine do without you? 

niques that can be used on the clinic floor. We believe they 

have  achieved  this  goal.  In  addition,  we  have  added  an 

 Kenneth J. Drobatz

emergency  “Surgical  Section”  to  this  edition.  All  of  our 

 Merilee F. Costello

authors have substantial experience in their fields and they 

 Erica Reineke

have brought this knowledge to this edition as only truly 

 William T. N. Culp
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1

Approach to the Critically Ill Cat

 Kenneth J. Drobatz

UNIQUE FEATURES



● The major point to emphasize regarding cats is that they are very subtle in their manifestation of critical illness/disease. What might appear to be subtle clinical signs may only be the tip of the iceberg regarding the severity of the condition. A full assessment of the vital parameters of a cat that “is not doing well” is essential to avoid missing serious underlying problems. 

A)  The general approach to the critically ill cat involves 



●

Heart rate. 

three  phases:  triage,  primary  survey,  and  secondary 



●

Presence/severity of wounds. 

survey (Figure 1.1). The first two phases are for rapid 



●

Ability to ambulate. 

assessment and recognition of the most life- threatening 



●

Presence of fractures. 

conditions:

● 

Presence/severity  of  vomiting  and 

a)  Triage is a process for sorting injured or sick ani-

diarrhea. 

mals based on their need for or likely benefit from 



●

Ability to urinate (especially male cats). 

immediate medical treatment. 



●

Abdominal distention. 

b)  The primary survey is a more in- depth assessment 



●

Ingestion of toxins (rare in cats). 

utilizing the triage principles. 



●

Coughing (rare in cats)

i)  Telephone triage (Box 1.1):



●

Seizures/altered mentation

1)  The  initial  contact  between  the  client  and 



●

Presence  and  severity  of  pain  (difficult 

the veterinary hospital is often via telephone. 

for owner to assess accurately)

This conversation can allow for triage of the 

–  Conditions  that  demand  immediate 

cat, help in the diagnosis, and provide infor-

attention

mation regarding first- aid treatment. 



●

Respiratory distress (open- mouth breath-

–  Immediate  aims  of  telephone  triage: 

ing is generally a sign of severe respiratory 

determine if the cat needs to be assessed 

distress in cats)

by a veterinarian on an emergency basis, 



●

Severe bleeding

provide  information  for  first  aid  for  the 



●

Straining  to  urinate  without  passing 

cat, and calm the owner. 

urine (often confused with constipation 

–  Questions  asked  on  the  phone  should 

by owners)

determine the following:



●

Bleeding from body orifices

● 

The nature of the injury or illness. 



●

Seizures/altered  mentation/decreased 

● 

Respiratory status. 

level of consciousness

● 

Mucous membrane (mm) color. 



●

Toxin ingestion

● 

Level of consciousness. 



●

Severe  coughing  (often  confused  by 

● 

Presence and severity of bleeding:

owners with retching or vomiting)



■

Owners often overinterpret the severity 



●

Protracted vomiting or diarrhea

of the bleeding. 



●

Extreme pain
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2  Approach to the Critically Ill Cat

Telephone Triage

stabilization  of  fractures,  we  advise 

against this for both the sake of the 

cat and the owner

Waiting Room Triage



■

Owners  should  be  warned  that  han-

dling a painful cat is dangerous as even 

Primary Survey

the  most  docile  cat  may  bite  when  it 

is painful

2)  Calming the owner

Secondary Survey

–  The owner may be extremely upset about 

the pet while talking on the phone

Emergency Plan

–  If the owner is overly upset, it is advisable to 

ask if there is someone else present who can 

Figure 1.1  Algorithm for “Approach to the Critically Ill Cat.” 

drive him or her and the pet to the clinic

–  Clear directions should be given on how to 

get to the clinic:

Box 1.1  Telephone Triage— Symptoms to Determine



●

It is best to have sets of directions for all 

1)  Nature of problem/injury

areas around the clinic prewritten at the 

a)  Cardiovascular status (HR, mm color)

reception desk, so that the directions can 

2)  Respiratory status (increased respiratoroy rate, increased 

be clear and consistent all the time

effort, extended head and neck, open mouth breathing). 



●

3)  Neurologic status (mentation/seizures/ability to ambulate)

Try to estimate the time of arrival and 

4)  External hemorrhage

notify the rest of the medical staff about 

5)  Vomiting/diarrhea severity

the potential condition the cat may be in 

6)  Ability to urinate

and when it might arrive

7)  Toxin ingestion

8)  Pain

ii)  Waiting room triage (Box 1.2):

9)  Hiding/not eating/listless (warrants evaluation)

1)  All  cats  presenting  to  an  emergency  room 

should be assessed immediately

2)  Triage is the assessment and classification of 



●

Hiding/not eating/listless

patients  to  determine  priority  of  need  and 



■

Owners often just state that their cat 

proper placement of treatment

is  hiding/not  eating  or  listless.  The 

range of severity of disease with this 

complaint can be wide, and therefore 

Box 1.2  Waiting Room Triage

it  should  be  recommended  that  the 

cat  be  evaluated  by  a  veterinarian. 

1)  Obtain capsule history

Cats hide disease very well

2)  Assess respiratory system (loudness, rate, rhythm, 

–  Advising first aid

effort, etc.)

3)  Assess cardiovascular system (mm color, CRT, pulse 



●

Relying on the owner’s interpretation of 

the cat’s problem can be risky

rate and quality)

4)  Assess neurologic system (mentation, ability to 

● 

If  the  problem  is  clear  (e.g.,  previous 

condition  with  same  clinical  signs, 

ambulate, etc.)

etc.),  then  advice  over  the  phone  is 

5)  Assess urinary tract system (palpation of urinary 

reasonable

bladder)

6)  General assessments:



●

If in doubt at all about the cat’s condi-

tion, the default recommendation is that 

a)  Toxin exposure (ingestion, inhalation, topical, etc.)

the  cat  should  be  brought  in  for 

b)  Potential for infection disease

evaluation

c)  Limb fractures

d)  Severe pain



●

If trauma has occurred:

e)  Dystocia



■

The cat should be placed on a board or 

blanket/towel  for  support  that  will 

f)  Prolapsed organs

minimize movement of fractured bones

g)  External bleeding

h)  Open wounds

■ 

Although  rolling  newspapers  into 

splints  has  been  recommended  for 

i)  Owner’s concerns

 Feline Emergency and Critical Care Medicine 3

3)  Steps of waiting room triage:

less pink than in the canine, and 

–  Obtain  a  capsule  history  (ideally  this 

cats’  hyperemic  mucous  mem-

should take <2–3 minutes):

branes don’t tend to be as red as 

● 

The  nature  of  the  complaint  and  its 

the dogs’)

progression



◆

Very rapid or prolonged capillary 

● 

Previous major medical problems

refill time (<1 and >2–3 seconds)

● 

Current medications and treatment



◆

Weak or bounding pulses (cats’ 

–  Rapid physical evaluation (cats in carriers 

pulses  don’t  tend  to  get  as 

or  wrapped  in  owner’s  arms  or  blankets 

bounding as dogs’)

should  be  removed  from  these  coverings 



◆

Very  rapid,  slow,  or  irregular 

to be assessed. Be cautious with fractious 

pulse/heart rhythm

cats  or  cats  that  might  jump  free.  If  in 



■

Neurologic system

doubt,  the  cat  should  be  assessed  in  a 

⚪  Assess  mentation  and  ability  to 

closed examination room if possible)

ambulate  (see  Chapter  24— 

● 

Four major body systems to assess:

General  Approach  and  Overview 



■

Respiratory system

of the Neurologic Cat)



⚪ Assess rate, rhythm and effort



⚪ Signs  of  neurologic  system  abnor-



◆

Signs of respiratory compromise 

malities  that  require  immediate 

that require immediate transfer 

transfer to the treatment area:

to  the  treatment  room  include 



◆

Severe  changes  in  mentation 

the  following  (see  Chapter  2— 

(stupor,  coma,  obtundation, 

Cardiopulmonary Resuscitation 

extreme 

hyperexcitability, 

[CPR]):

seizures)



❖

Increased  respiratory  rate 

iii)  Inability to walk or move legs

(many times the only sign in 



■

Urinary tract system

cats, even those with substan-



⚪ Assess ability to urinate and palpate 

tial respiratory compromise)

urinary  bladder  (especially  sick 



❖

Increased respiratory effort

male cats)



❖

Loud upper airway sounds



⚪ Abnormalities  in  urinary  tract  sys-



❖

Open- mouth breathing

tem that require immediate transfer 



❖

Abducted elbows (rare in cats)

to  the  treatment  area  (see 



❖

Extended head and neck (rare 

Chapter 22— Urologic Emergencies: 

in cats)

Ureters,  Bladder,  Urethra,  GN, 

❖  Paradoxical respirations 

and CKD):

(abdo minal component/push)



◆

Inability to urinate



❖

Flaring of nares



◆

Large, firm, non- expressible uri-

❖  Cats  exhibiting  signs  iv–viii 

nary bladder

are generally in extreme res-



■

Other assessments that require imme-

piratory distress

diate transfer to the treatment area:



■

Cardiovascular  system:  assessing  for 



⚪ Recent ingestion of toxin

poor tissue perfusion



⚪ Topical exposure to toxin

⚪  Assess  mucous  membrane  color, 



⚪ Severe  vomiting  and  diarrhea  (rare 

capillary refill time, pulse quality, 

in cats compared to dogs)

pulse  rate,  and  rhythm  (see 



⚪ Owner is very concerned

Chapter 3— Shock)



⚪ Obvious limb fractures

⚪  Signs  of  cardiovascular  system 



⚪ Severe pain

derangement  that  require  imme-



⚪ Recent trauma

diate  transfer  to  treatment  room 



⚪ Burns (fire, chemical, or hot water)

(see Chapter 3— Shock)



⚪ Excessive bleeding



◆

Pale, gray, or hyperemic mucous 



⚪ Dystocia

membranes  (normal  feline 



⚪ Prolapsed organs

mucous  membranes  tend  to  be 



⚪ Open wounds

4  Approach to the Critically Ill Cat



⚪ Animals that have died



⚪ Evaluation for the underlying cause 



⚪ Insect or snake bites

should  be  immediately  undertaken 



⚪ If  in  doubt,  transfer  to  treatment 

if  the  cat  will  tolerate  this  further 

area for further assessment

assessment

–  Primary survey (see Box 1.3)



●

Cardiovascular system



●

The  primary  survey  is  a  more  detailed 



■

Similar parameters should be assessed 

and  in- depth  assessment  of  the  four 

as in triage: mucous membrane color, 

major body systems. The goal is to estab-

capillary refill time, pulse quality, rate, 

lish the relative stability of the cat and to 

and rhythm. Cardiac auscultation and 

further determine if immediate therapy 

rectal- to- toe  temperature  difference 

is warranted. 

can  also  provide  assessment  of  tissue 



●

Respiratory system

perfusion status



■

Similar parameters should be assessed 



■

More  objective  assessments  include 

as in triage: mucous membrane color, 

ECG evaluation, blood pressure deter-

upper airway sounds, respiratory rate, 

mination, blood lactate concentration, 

rhythm, and effort. 

central venous pressure measurement, 



■

Auscultation of all regions of the thorax 

pulmonary  artery  catheterization  and 

and trachea

determination  of  pulmonary  artery 



■

If  possible,  point- of- care  ultrasound 

hemoglobin  saturation  with  oxygen, 

(TFAST,  focused  cardiac  ultrasound 

measurement of cardiac output, tissue 

and lung ultrasound) can aid in diag-

oxygen delivery, and consumption (the 

nosing the cause of respiratory distress

pulmonary  artery  catheter  is  rarely 



■

Pulse oximetry and arterial blood gas 

used in cats for these determinations; 

give more objective and detailed infor-

see  Chapter  3— Shock).  Point- of- care 

mation  regarding  lung  function  (the 

ultrasound (AFAST, TFAST) may aid in 

stress of obtaining an arterial blood gas 

identifying underlying disease process 

may outweigh the benefit in a cat with 

responsible for poor tissue perfusion

respiratory compromise)



⚪ Anecdotal  impression  is  that  cats 

■ 

Any  animal  showing  signs  of  res-

with  poor  tissue  perfusion  often 

piratory  compromise  should  be 

have low rectal temperature

given  oxygen  supplementation  (see 



⚪ Cats in shock often are bradycardic 

Chapter 10— Respiratory Emergencies 

compared  with  dogs,  which  are 

and Pleural Space Disease). 

usually tachycardic

■ 

Cardiovascular  system  derange-

ments  are  life- threatening  and 

should  be  addressed  immediately 

Box 1.3  Primary Survey

(see Chapter 3— Shock)

1)  Respiratory system



●

Neurologic system

a)  Physical: mm color, respiratory rate/effort, upper airway 

■ 

Assessment  of  the  neurologic  sys-

sounds, thoracic auscultation

b)  Objective: pulse oximetry, arterial blood gas analysis

tem  is  primarily  through  physical 

2)  Cardiovascular system

examination

a)  Physical: mm color, CRT, pulse rate/quality, cardiac 



■

Abnormalities  of  brain  function  may 

auscultation, rectal- to- toe temperature difference

manifest as changes in mentation, gait, 

b)  Objective: ECG, blood pressure, lactate concentration

3)  Neurologic system

or cranial nerve function

■ 

a)  Physical: mentation, cranial nerve function, ability to 

Abnormalities  of  spinal  cord  or 

ambulate/motor movement, limb pain sensation, and 

peripheral nerve function are mani-

spinal reflexes

fested  with  normal  mentation  and 

b)  Objective: none on an emergency basis

4)  Urinary tract

cranial  nerves,  and  abnormal  limb 

a)  Physical: palpate urinary bladder for distention; palpate 

findings  such  as  loss  of  conscious 

kidneys for size, shape, pain, and symmetry

proprioception,  ataxia,  changes  in 

b)  Objective: measure blood urea nitrogen (BUN), creati-

limb reflexes, altered sensation, and 

nine, blood gas analysis, and potassium concentration

motor function
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■

Abnormalities  in  brain  function 

Box 1.5  Emergency Database

require  rapid  assessment  and  treat-

ment of the underlying cause before 

1)  PCV

irreversible  damage  can  occur  (see 

2)  Total solids

Chapter  24— General  Approach  and 

3)  Dipstick BUN

4)  Dipstick glucose

Overview of the Neurologic Cat)

5)  Blood smear



■

Note: cats with severely altered tissue 

perfusion  may  have  abnormal  neuro-

logic  function  until  perfusion  abnor-

and essential information for evalua-

malities  are  corrected.  Use  caution 

tion of the critically ill patient. 

when  interpreting  abnormal  neuro-



⚪ The blood for these evaluations can 

logic  findings  when  perfusion  is 

be obtained by filling three heparin-

severely compromised

ized capillary tubes from the hub of 

● 

Urinary tract system

an intravenous catheter that is being 



■

Initial primary survey physical evalu-

placed  or  by  filling  them  from  the 

ation  of  the  urinary  tract  system  is 

hub of a 25- gauge needle placed in a 

palpation of the urinary bladder, deter-

peripheral vein. 

mination  of  urethral  obstruction,  and 



⚪ Detailed  evaluation  of  the  findings 

palpation of the kidneys for size, shape, 

of  the  emergency  database  can  be 

symmetry, and pain

obtained  from  their  respective  fol-

■ 

More objective primary survey rapid 

lowing chapters. 

assessment  includes  determination 



⚪ General  interpretation  of  abnormal 

of BUN, serum creatinine and potas-

emergency database findings

sium  concentrations,  and  blood  gas 

◆  PCV  and  TP  should  be  inter-

analysis

preted together

● 

Secondary survey (Box 1.4)



❖

Increased PCV and TP



■

The  secondary  survey  occurs  after 



➤

Dehydration (anecdotally TP 

assessment and stabilization of imme-

is a more sensitive assessment 

diate life- threatening conditions. 

of dehydration in the cat)



■

The  secondary  survey  includes  a  full 



❖

Increased PCV and normal TP

physical  assessment  (“head-to- tail” 



➤

Polycythemia

physical  examination),  a  detailed 



➤

Dehydration  with  protein 

medical  history,  imaging  studies,  and 

loss

clinical  pathology  as  indicated. 



❖

Normal PCV and increased TP

Response  to  therapy  may  also  be 



➤

Dehydration (common)

included as part of the secondary survey. 



➤

Dehydration  and  anemia 



■

A comprehensive diagnostic and thera-

(common)

peutic plan can be developed; progno-

➤  Increased globulin 

sis and costs can be estimated as well. 

production

● 

Emergency  clinical  pathology  database 



➤

Lipemic serum or severely 

(Box 1.5)

hemolyzed serum can give 

■ 

Rapid assessments of packed cell vol-

an increased TP reading on 

ume  (PCV),  total  solids  (TSs),  blood 

a refractometer

glucose,  dipstick  BUN,  and  a  blood 

❖  Decreased 

PCV 

and 

smear  provide  relatively  immediate 

decreased TP



➤

Blood loss (most common)

Box 1.4  Secondary Survey



➤

Nonregenerative  anemia 

1)  Head- to- tail  physical  examination

with protein loss



➤

2)  Detailed medical history

Nonregenerative  anemia 

3)  Imaging studies

and liver dysfunction

4)  Clinical pathology



➤

RBC destruction and protein 

5)  Response to therapy

loss

6  Approach to the Critically Ill Cat



❖

Increased glucose

first  look  at  the  feath-



➤

Stress (most common)

ered  edge  at  low  to 

➤  Diabetes mellitus

medium power

➤  Iatrogenic 

(intravenous 



✧

Gross  decreases  in 

glucose supplementation)

WBC (panleukopenia) 



❖

Decreased glucose

can be recognized rap-



➤

Insulin overdose

idly  by  the  paucity  of 



➤

Liver failure

WBCs  on  the  feath-

➤  Sepsis

ered edge (WBCs tend 

➤  Neonatal/juvenile 

to  accumulate  at  the 

hypoglycemia

feathered edge; there-



❖

Decreased BUN

fore,  if  the  feathered 



➤

Diuresis

edge  lacks  them,  it  is 



➤

Liver dysfunction/failure

very  likely  that  the 



❖

Increased BUN

WBC 

count 

is 



➤

Prerenal (most common)

very low)



➣

Dehydration (common)



✧

Platelet clumps on the 



➣

GI hemorrhage (uncom- 

feathered  edge  sug-

mon)

gest  adequate  plate-

➤  Renal  dysfunction/failure 

lets.  These  clumps 

(common)

can  result  in  a  falsely 



➤

Postrenal: ureteral obstruc-

low estimate of plate-

tion (males and females) or 

let numbers when the 

urethral obstruction (which 

estimate  is  based  on 

is  more  common  in  male 

the  count  from  the 

cats)

monolayer



❖

Blood smear evaluation



➣

After  viewing  the  feath-



➤

Accurate  evaluation  of 

ered  edge,  move  to  the 

blood  smear  is  highly 

monolayer just inside the 

dependent upon the quality 

feathered edge and evalu-

of the smear that is made. 

ate the quality (see in the 

A quality smear should:

earlier text) of the smear



➣

Have  a  feathered  edge 



✧

Evaluate  WBCs:  esti-

and a broad monolayer in 

mate the absolute num-

which  RBCs  are  evenly 

ber as low, normal, or 

distributed  and  have 

high by using the high 

minimal  overlap.  This 

dry magnification. 

area  is  where  WBCs  are 

➡  Estimate  a  differ-

most easily identified and 

ential  WBC  count 

where  RBC  abnormali-

using  high  dry 

ties  can  be  most  readily 

mag nification. 

seen.  Abnormal  cell 



➡

Evaluate  leukocyte 

types,  platelet  clumps, 

morphology  using 

and microfilariae may be 

the  oil  immersion 

found  along  the  feath-

magnification. 

ered edge. 

✧  Evaluate 

platelets: 



➤

For  emergency  purposes, 

esti mate  the  number. 

gross  evaluation  of  the 

Adequate 

platelet 

three major cell lines is all 

number  (enough  to 

that is needed

prevent  bleeding)  is 



➣

For  rapid  assessment  of 

indicated  by  observ-

platelets and WBC count, 

ing  3–4  platelets/oil 
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immersion  field  or 



⚪ After  making  a  plan  for  each  prob-

noting several platelet 

lem, they should be collated so that a 

clumps at lower mag-

comprehensive, cohesive, and clear 

nification.  In  cats 

order sheet can be written. 

with  a  normal  RBC 



⚪ Categories 

covered  by  emer-

count, one platelet per 

gency orders:

20  RBCs  suggests  a 



◆

Fluid therapy

normal 

platelet 



◆

Medications to be given

count as well



◆

Diagnostics to be performed



✧

Evaluate  RBCs:  RBCs 



◆

Parameters to be monitored

should  be  evaluated 



◆

Nursing care

for  size,  shape,  color, 



⚪ Fluid therapy orders should include 

and parasites

(see Chapter 8— Fluid Therapy) the 



❖

Evaluation of hematocrit tube 

following:

supernatant



◆

Type of fluid to be administered



➤

A large buffy coat indicates 



◆

Route of administration

a high WBC count



◆

Rate of administration



➤

Icteric serum could be due 



⚪ Medication  orders  should  include 

to  prehepatic,  hepatic,  and 

the following:

posthepatic causes



◆

Type of medication



➤

Hemolyzed  serum  can  be 



◆

Dose of medication

due to poor blood collection 



◆

Rate of administration

technique  or  intravascular 



◆

Frequency of administration

hemolysis (rare in cats)



◆

Medications should be reviewed 



➤

Lipemic serum can be due 

for  compatibility  with  other 

to  pancreatitis,  immedi-

administered  therapies,  as  well 

ately  postseizure  (anecdo-

as whether they are tolerated by 

tal) or postprandial

cats,  and  potential  untoward 



●

The emergency plan (Box 1.6)

reactions that may occur



■

After the initial assessment, a problem 

❖  The orders should note mon-

list should be generated with prioritiza-

itoring  for  these  reactions, 

tion  of  most  life- threatening  to  least 

and  contingency  orders 

life- threatening. 

should be available in case a 



■

Plans  (diagnostic,  therapeutic,  and 

reaction occurs

monitoring) should then be made for 



⚪ Diagnostic plan:

each of those problems. 



◆

Should be considered for all prob-



⚪ The  plan  itself  depends  upon  the 

lems and then listed together in 

problem, the stability of the cat, the 

order of priority of completion

nature of the cat (e.g., fractious), and 



❖

The stability of the cat, as well 

the number and skill of the available 

as  the  importance  of  the 

nursing staff. 

information in the emergency 

management  of  the  cat, 

should determine the priority

Box 1.6  General Emergency Plan



⚪ Monitoring plans:

◆ 

(Should be made for each problem separately and then con-

Monitoring  plans  can  be  cate-

solidated for final order sheet)

gorized  into  physical,  clinico-

1)  Fluid therapy (type, route, and rate)

pathologic,  and  electronic 

2)  Medication to be administered (type, dose, rate, frequency, 

and compatibility)

parameters



◆

3)  Diagnostic plan (imaging, clinical pathology, etc.)

Monitoring is extremely impor-

4)  Monitoring (physical, clinicopathologic, and electronic 

tant  in  critical  care  to  detect 

parameters)

trends. This allows anticipation 

5)  General nursing care orders

of problems before they occur

8  Approach to the Critically Ill Cat

◆  Common  physical  parameters 



❖

Electrocardiogram

that are monitored:



❖

Blood pressure



❖

Mucous membrane color



❖

Pulse oximetry



❖

Capillary refill time



❖

Central venous pressure



❖

Pulse rate and rhythm

❖  Pulmonary  artery  catheter 



❖

Pulse quality

placement  (not  commonly 



❖

Lung sounds

done in cats) to measure car-



❖

Respiratory rate and effort

diac output, oxygen delivery, 



❖

Neurologic function:

oxygen  consumption,  peri-



➤

Mentation

pheral  vascular  resistance, 



➤

Cranial nerves

and  mixed  venous  oxygen 

➤  Long tracts (especially vol-

saturation

untary  motor  capabilities 



◆

Serial  point- of- care  ultrasound: 

and  pain  sensation  for 

to  evaluate  for  development  of 

spinal cord injuries). 

or worsening of pleural or peri-



➤

Urination:  bladder  size  is 

toneal effusion

easily palpable in cats and 



◆

Common nursing orders:

gives  an  estimate  of  urine 



❖

Keep patient clean and dry

production



❖

Check comfort (pain, etc.)



➤

Vomiting/bowel move ments



❖

Turn patient as needed



➤

Rectal temperature



❖

Other  nursing  orders  will  be 



➤

Abdominal palpation

for the specific patient needs



➤

Assessing skin and mucous 



■

General comments

membranes  for  petechia-



⚪ Emergency  plans  will  need  to  be 

tions/ecchymoses

tailored to individual patient needs, 



❖

Body weight

the  specific  disease  condition,  the 

◆  Common 

clinicopathologic 

severity  of  the  cat’s  condition,  the 

para meters:

physiologic stability of the cat, and 



❖

PCV,  TS,  dipstick  BUN,  and 

the number and skill of the nursing 

glucose

staff. Additionally, the owner’s per-



❖

Electrolytes

sonal needs and financial capability 



❖

Blood gas parameters

must also be considered



❖

Blood smear



⚪ If the best emergency plan cannot be 



❖

Coagulation parameters

accommodated by your facility, then 

◆  Electronic 

monitoring  para- 

referral  should  be  considered  and 

meters:

discussed with the client

9
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Cardiopulmonary Resuscitation (CPR)

 Sean D. Smarick

UNIQUE FEATURES



● Feline practices should be prepared for cardiopulmonary arrests (CPA) with drugs, equipment, and staff training, as successful outcomes do occur in cats and are dependent on good preparation. 



● Circumferential compressions can be used in cats to maximize cardiopulmonary resuscitation (CPR). 



● Airway access is more challenging in cats— start compressions immediately upon recognition of CPA and do not stop unless necessary, and no longer than 5–10 seconds should be taken to secure an airway. 



● Vascular access is also more challenging in cats, and in patients without an intravenous line in place at the time of the CPA, intraosseous access should be considered. 



● Amiodarone should be considered rather than lidocaine as an adjunct to electrical defibrillation in cats with resistant ventricular fibrillation (VF). 

A) Definitions

b)  Create systems and standard operating procedures 

a)  CPA is the lack of effective respiration and circula

(SOPs) in anticipation of inevitability of the praction, that is, the common pathway preceding death. 

tice experiencing a CPA. 

b)  CPR is the treatment for a CPA which includes:

i)  Standing  orders  and  protocols  for  initiai)  Basic life support (BLS), providing for: tion of CPR:

1)  Circulation. 

1)  When will advanced directives— that is, do 

2)  Ventilation. 

not  attempt  resuscitation  (DNAR)— be 

ii)  Advanced life support (ALS), which includes:

obtained  and  how  they  will  be 

1)  Monitoring. 

communicated. 

2)  Medication administration. 

2)  CPAs  associated  without  advanced  direc3)  Other treatments (e.g., defibrillation). 

tives,  for  example,  elective  sedation/

iii)  Postcardiac arrest (PCA) care, which is aimed 

anesthesia. 

at maximizing survival and functional outcome 

3)  Addressing  dead  on  arrivals  (DOAs)  or 

once return of spontaneous circulation (ROSC) 

CPAs during emergency presentation. 

is obtained through:

4)  Client  presence,  observation,  and  commu1)  Normoventilation. 

nication during CPR. 

2)  Normoxemia. 

ii)  Hospital wide  notification  system  that  a  CPA 

3)  Normotension. 

has occurred to alert the CPR team, for exam4)  Neurological protection. 

ple, “RECOVER team to radiology.” 

B)  General recommendations

iii)  CPR team muster and potential roles, for exama)  Obtain latest guidelines, algorithms, and drug chart ple, leader, scribe, etc. 

from Reassessment Campaign on Veterinary Resusiv)  Training:

citation  (RECOVER.org  at  RECOVER  Initiative  – 

1)  Have  staff  trained/certified  by  third party 

Advancing the Science of Veterinary Resuscitation). 

(e.g.,  local  emergency  and  critical  care 
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specialist or in house certified (RECOVER) 



– Treatment or “crash” cart or other portable 

trainer. 

storage unit (see Figure 2.1). 

2)  Mock drills:

2)  Checklist  completed  daily  and  after  each 

–  Reinforce psychomotor skills. 

CPR ensures:

–  Review  guidelines,  algorithms,  and 

–  Adequate stock for a CPA. 

equipment and drug access in the specific 

–  Staff familiarity of CPR drugs and equiphospital setting. 

ment and their respective locations espe

–  Performed at least quarterly. 

cially  if  shared  resources,  for  example, 

v)  CPR  supplies,  equipment,  and  algorithms/

capnograph. 

charts (see Box 2.1). 

–  Drugs are not expired. 

1)  Depending on the size, scope, resources of 

–  Equipment is in working order. 

the feline practice, consider locating in a:

vi)  Develop/copy  record keeping  forms  for  CPA 



– Dedicated area of the hospital. 

and CPR efforts. 

vii)  PCA referral logistics and client communication. 

C)  Precipitating factors

Box 2.1  CPR Supplies and Equipment

a)  CPA as the common pathway to death has innumerable  causes,  but  should  be  anticipated  in  cats CPR algorithm/drug sheet

that are:

Bulb syringe/airway suction device

i)  Presented on emergency. 

Laryngoscope and blade

ii)  Critically ill. 

3.0–6.0- mm cuffed endotracheal tubes with air syringe

iii)  Undergoing anesthesia or sedation. 

Lidocaine 2% in an atomizer or 1- cc syringe to prevent 

b)  The American Heart Association has suggested rullaryngospasm

ing out “Hs and Ts” as potentially treatable factors 

Muzzle gauze, umbilical tape, or other material to 

leading to CPA. While there are differences in peosecure the endotracheal tube ple and cats, the list can be adapted and serves as a 

Infant self- inflating bag, that is, bag valve (mask), man-

reminder to consider reversible causes of CPA and 

ual resuscitator

to address them (see Box 2.2). 

Epinephrine injection 1:10 

000 or 1:1000 and/or 

D) Clinical signs/recognition of CPA

vasopressin

a)  Physical examination

Atropine 0.54 mg/ml or 0.4 mg/ml

i)  Witnessed  development  of  unconsciousness 

Sodium bicarbonate (8.4%)

and unresponsiveness. 

Amiodarone  50 mg/ml

ii)  Lack  of  chest  wall  movement  or  agonal 

Lidocaine 2%

respirations. 

0.9% saline for flushing IV catheters

1- cc and 3- cc syringes with 1- in. needles

Intraosseous needles (e.g., Illinois 18 ga, 20 ga 1.5- in. 

spinal needle; ± commercial driver)

IV catheters (24, 22, 20 ga), tape ± cutdown materials 

(scalpel, hemostats, suture)

Infusion caps or T- sets

250ml or 1 l bag of lactated ringers solution (LRS) or 

0.9% saline

Infusion set

CPR report sheet + pen

Timer or stopwatch

Postcardiac arrest care drugs, for example, dopamine, 

norepinephrine

Capnograph ± portable battery powered

ECG ± defibrillator; electrode gel

Pulse oximeter

Figure 2.1  Tackle box used as a portable source of of CPR 

Blood pressure monitor

supplies. Ideally, a laryngoscope and a portable capnograph would 

be included, but resources may necessitate utilizing common- use 

Metronome/downloaded music to keep compression time

equipment, for example, ECG from other sources in the hospital. 
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ii)  Doppler  blood  flow  intensity  drops  precipi

Box 2.2  Rule- Out List for Reversible Precipitating 

tously or stops completely. 

Factors in Feline Cardiopulmonary Arrest

iii)  Capnometer:

Hypoxia

1)  Alarms apnea. 

Hypovolemia/hypoperfusion

2)  End tidal  carbon  dioxide  concentrations 

Hypoglycemia

(PETCO2)  acutely  trend  downward  toward 

Hyperkalemia/hypokalemia

0 mmHg. 

H+ (acidosis)

3)  Spikes  high,  or  waveform  indicates  airway 

Hypothermia

obstruction. 

Tablets/toxicity (drugs/anesthesia)

iv)  Pulse oximeter:

Tachyarrhythmia/thromboembolism

1)  Plethysmograph  or  LED  pulse  meter  will 

Trauma/tension pneumothorax

indicate non pulsatile blood flow. 

Tamponade (cardiac)

2)  Any precipitous drop in hemoglobin oxygen 

saturation. 

E)  Prognosis

iii)  Supplementary examination is used if the clinia)  ROSC  in  cats  suffering  a  CPA  has  been  more cal situation is confounding (e.g., under anesrecently reported to be 42–57%. 

thesia, post ictal state, etc.), to rule out a CPA, 

b)  Survival  to  discharge  in  cats  with  CPA  has  been 

and limited to 5–10 seconds:

reported to be 2–22%. 

1)  Auscultation will reveal no heart sounds. 

c)  Cats  not  obtaining  end tidal  carbon  dioxide  read2)  Pulses  and  apex  beat  will  be  absent  on ings >15–20 mmHg with effective CPR have a poor 

palpation; however, keep in mind that numerprognosis for ROSC and survival. 

ous  studies  in  people  have  demonstrated 

pulses to be an unreliable indicator of CPA. 

iv)  Obvious  signs  of  irreversible  death  indicate 

Treatment

that a CPA occurred, but are past the window 

of reversibility:

A) After recognition of a CPA, CPR begins with provid1)  Rigor. 

ing  BLS  and  activating  the  hospital  notifica2)  Catastrophic  trauma,  for  example, tion system. 

decapitation. 

B)  BLS and ALS can be performed in parallel when staffb)  Monitors  should  only  be  used  to  recognize  a  CPA ing allows, but should be prioritized when resources are 

while already in use, for example, during anesthesia 

limited (See box 2.3). 

or critically ill patient monitoring, rather than applied 

C)  BLS

to confirm a suspected CPA. Technical difficulties, for 

a)  External chest compression:

example, patient disconnect, etc., must be ruled out; 

i)  Hand  placement  options  based  on  size  and 

however, avoid delays in CPA recognition by addressconformation of the cat: ing each aberration in an urgent manner. 

1)  Wrap  hands  circumferentially  around 

i)  ECG:

thorax in the area of the heart by cupping 

1)  Electrical activity on the ECG does not ensure 

sternum in one hand with thumbs and finmechanical  activity;  conversely,  a  lack  of  a gers squeezing directly over heart, while the 

discernable ECG rhythm may be due to poor 

other cups the spine over spine to encircle 

electrode–patient  coupling,  machine  malthe thorax (see Figure 2.2). 

function, and so on, rather than CPA. 

2)  Use the palm over the heart or widest part of 

2)  Common CPA rhythms:

the chest. 

–  Asystole. 

ii)  Decrease the chest diameter by about 1/3 to 1/2. 

–  Pulseless electrical activity. 

iii)  Maintain a 1:1 compression to relaxation ratio. 

–  Ventricular fibrillation. 

iv)  Compress at a rate of 100–120 beats/minute:

–  In respiratory arrest or early CPA, other 

1)  Use a song with an appropriate beat count, 

arrhythmias  reported  in  cats  include 

for  example,  Bee  Gees’  “Stayin’  Alive”  or 

bradycardia, ventricular tachycardia, AV 

metronome to keep appropriate pace. 

block, etc., that cause a critical decrease 

2)  Change compressors every 2 minutes or if 

in perfusion. 

compressor is tired. 

[image: Image 3]
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Box 2.3  Cardiopulmonary Resuscitation for Cats

CPR

BLS

1)  Start circumferential compressions 120/minute, 

changing chest diameter 1/3 to 1/2 (See Figure 2.2)

2)  Activate hospital CPA/CPR notification system

3)  Intubate (ideally without stopping compressions; 

if must, in under 5–10 seconds)

4)  Ventilate 1 breath every 6 seconds

ALS

5)  Apply ECG and capnograph

6)  Obtain IO/IV access if not already in place

Figure 2.2  Proper hand positioning for circumferential 

7)  Turn off anesthesia vaporizer and flush with O

compressions. Note that both hands are used and encompass 

2; 

the cranial thorax approximately 4th to 5th intercostal space as 

reverse drugs, for example, opioids with naloxone

indicated where the elbow contacts the thorax when flexed. 

8)  Assess  ECG  after  2  minutes  of  compressions 

(stopping compressions for <10 seconds)

9)  Non- shockable rhythm (e.g., PEA, asystole)

Box 2.4  Quick Reference CPR IO/IV Drug Volumes 

A)  Resume compressions with different compressor

for a 5- kg Cat

B)  Administer drugs (see Boxes 2.4 and 2.5)

a)  Epinephrine 0.01 mg/kg or vasopressin 0.8 

Drug

Volume

U/kg IV/IO

Epinephrine (standard)

0.05 ml of 1:1000; 

b)  Atropine 0.04 mg/kg IV/IO

0.5 ml of 1:10 000

c)  Sodium bicarbonate if hyperkalemia or 

Epinephrine HIGH DOSE

0.5 ml of 1:1000; 5 ml 

>10 minutes of CPA 1 meq/kg

of 1:10 000

10)  Shockable rhythm (e.g., VF, pulseless VT)

Vasopressin 20 U/ml

0.2 ml

A)  Defibrillate; if no defibrillator available, per-

Atropine 0.54 mg/ml

0.4 ml

form a precordial thump

Atropine 0.4 ml/kg  

0.5 ml

B)  Resume compressions with different compres-

NaHCO

sor immediately

3 8.4%

5 ml

C)  If prolonged/resistant, administer amiodarone 

Amiodarone 50 mg/ml

0.5 ml

5 mg/kg (preferred); consider lidocaine 0.5 mg/kg

Lidocaine 2%

0.13 ml

Naloxone 0.4 mg/ml

0.5 ml

PCA Care

Flumazenil 0.1 mg/ml

0.5 ml

11)  Normoventilation: PETCO2 31–41 mmHg with PPV prn

Atipamezole 5 mg/ml

0.05 ml

12)   Normoxemia:  SPO2 94–98% with oxygen supple-

mentation or PPV prn

13)   Normotension: SBP 100–200 mmHg or MAP 80–120 

v)  Minimize  interruptions  (as  >10 seconds  will 

mmHg with fluid vasopressors, inotropes or fluids  

take minutes for return of adequate coronary 

prn

perfusion pressure). 

14)  Neuroprotection:

vi)  Interposed  abdominal  compressions  may  be 

a)  TTM if nonresponsive or comatose

considered, but have not been clinically evalub)  Treat seizures

ated in the cat; compress the mid cranial abdoc)  Address ICP if suspected to be increased men with the palmar surface of the fingers or 

 Note: ALS = advanced life support, BLS = basic life support, CPA = car-hand during the relaxation phase of the chest 

diopulmonary  arrest,  ECG  =  electrocardiogram,  ICP  =  intracranial compressions. 

pressure, IO = intraosseous, IV = intravenous, MAP = mean arterial 

vii)  Perform for 2 minutes:

pressure,  PCA  =  postcardiac  arrest  care,  PEA  =  pulseless 

electrical  activity,  PETCO2  =  end- tidal  carbon  dioxide,  prn  =  as 1)  Change compressors. 

needed, PPV = positive pressure ventilation, SBP = systolic blood 

2)  Assess ECG, and for ROSC, see “Assessment” 

pressure, TTM = targeted temperature management, VT =  ventricular 

under  “Advanced  life  support”  in  the  foltachycardia, VF = ventricular fibrillation. 

lowing text. 
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b)  Ventilation:

c)  Obtain vascular access if it is not already in place:

i)  Ideally place an endotracheal tube:

i)  Central  intravenous  catheters  are  ideal  for 

1)  Compressions  should  not  be  interrupted 

administering  drugs,  but  placement  can  be 

to do so. 

challenging during CPR:

2)  Extend  the  neck  (in  a  non traumatized 

1)  Use  a  short  (1–2 in.),  large bore  catheter 

patient),  pull  the  tongue  forward,  and  if 

placed in the jugular vein. 

laryngospasm  is  observed  or  intubation 

2)  Consider a facilitated (skin prick), mini or 

imminent, instill 2% lidocaine by an atomcomplete cutdown to aid in placement. 

izer or a drop or two via a 1 cc syringe onto 

ii)  Intraosseous access, for example, in the proxithe larynx. 

mal  cranial  humerus  or  trochanteric  fossa  of 

3)  Place  and  secure  an  appropriately  sized 

the femur is especially useful in kittens and a 

endotracheal tube. 

good alternative in adult cats, as times for IO 

4)  Confirm  initial  and  continued  placement 

placement in dogs and people tend to be faster 

with capnometry, visualization, or palpation 

than traditional IV access. 

(of cervical trachea and esophagus), as disiii)  Peripheral intravenous catheters with cranial lodgement is common. 

placement,  that  is,  cephalic  vein  preferred 

5)  If an airway obstruction is suspected, that is, 

to  shorten  the  time  of  drug  delivery  to 

the endotracheal tube cannot be passed or 

the heart. 

the  patient  cannot  be  ventilated,  perform 

iv)  If  vascular  access  is  unsuccessful  and  drug 

the following:

administration  is  indicated,  the  intratracheal 

–  Suction laryngeal/pharyngeal area of any 

(IT), or, more appropriately, the intrabronchial 

vomitus or secretions. 

route may be an alternative:

–  Physically  remove  any  visible  foreign 

1)  Naloxone,  atropine,  vasopressin,  epinephbody or use a polypropylene urinary cathrine, and lidocaine (NAVEL) in addition to eter as a stylet to guide the endotracheal 

flumazenil can be administered IT. 

tube around the obstruction. 

2)  The  drug  amount  should  be  increased 

–  Perform  a  tracheostomy/cricothyroidot

(see  Box  2.5);  generally  double  the  IV 

omy if an upper airway obstruction cannot 

dose, and in the case of epinephrine, use 

be relieved. 

the “high dose. 

ii)  Provide positive pressure ventilation (PPV):

3)  The drug is diluted in 3–5 ml sterile water 

1)  Via  bag valve  device,  other  nonbreathing 

for injection or 0.9% saline, injected via (e.g., 

circuits, or anesthesia machine. 

a  red  rubber)  catheter  to  the  level  of  the 

2)  At a rate of 10 breaths/minute, that is, 1 breath 

carina  and  followed  by  the  administration 

q 6 seconds, unless a lone rescuer then gives 

by two breaths. 

two quick breaths after 30 compressions. 

4)  Absorption is variable and therefore contin3)  Supplement with 100% oxygen until ROSC. 

ued efforts to obtain vascular access should 

iii)  Laryngeal  masks  have  not  been  evaluated  in 

continue. 

feline  CPR,  and  their  effectiveness  has  been 

d)  Reverse sedatives/anesthetics:

challenged in human CPR. 

i)  Inhalant anesthetics are discontinued and the 

iv)  Tight fitting face masks or mouth to snout may 

anesthetic circuit is flushed with 100% oxygen. 

be  used  in  the  pre   hospital  setting  or  as  an 

ii)  Administer  naloxone  (0.04 mg/kg  IV/IO/IN/

alternative  to  endotracheal  tubes,  but  have 

IT) if a narcotic is on board. 

been shown to be inferior in dogs. 

iii)  Administer atipamezole (50 μg/kg IV/IO) if an 

D) Advanced life support

alpha 2 agonist is on board. 

a)  Depending on resources, ALS interventions can be 

iv)  Administer  flumazenil  (0.01 mg/kg  IV/IO/IT) 

performed  in  parallel  with  each  other  and  even 

if a benzodiazepine is on board. 

BLS, but are prioritized in the following order:

e)  Assessment:

b)  Attach monitoring devices:

i)  Capnograph:

i)  ECG:

1)  Performed during steady state CPR, that is, 

1)  Use  gel  versus  alcohol  in  anticipation  of 

regular compressions and ventilations. 

defibrillation as conductive agent. 

2)  More  than  20 mmHg  PETCO2  is  desired; 

2)  Pediatric pads taped to the foot pads with gel 

if <15 mmHg:

is an alternative to alligator clips. 

–  Poor  prognosis  if  consistent,  indicating 

ii)  Capnograph. 

inadequate cellular respiration. 

Box 2.5  Drugs: IV, Intravenous; IO, Intraosseous; IN, Intranasal; IT, Intratracheal; CRI, Constant Rate Infusion; Sz, Seizures; MetHb, Methemoglobinemia Drug

Mechanism of action (MOA)

Dose

Route

Frequency

Side effects

Amiodarone

Class III antiarrhythmic

5 mg/kg  Slow

IV/IO

Once during CPR

Liver in people

Atipamezole

Selective alpha- 2 adrenergic 

50 μg/kg

IV/IO

Once; repeat if high dose/overdose

Can lead to Sz if 

antagonist

ketamine recently 

administered

Atropine

Parasympatholytic

0.04 mg/kg

IV/IO

Every other CPR cycle

Pupil dilation

0.15 mg/kg

IT

Every other CPR cycle

Bicarbonate Na

Buffer

1 meq/kg

IV/IO

For severe acidemia; can repeat per pH

Can worsen hypercarbia

Dopamine

Beta- 1 adrenergic agonist

1–10 μg/kg/min

IV

CRI

Local tissue necrosis

with extravasation

+  Alpha- 2  agonist

10–20 μg/kg/min

IV

CRI

Dobutamine

Beta- 1 adrenergic agonist

1–10 μg/kg/min

IV

CRI

Can cause Sz in cats

Epinephrine low dose

Mixed adrenergic agonist

0.01 mg/kg

IV/IO

Every other CPR cycle

Local tissue necrosis

with extravasation

Epinephrine high dose

0.1 mg/kg

IV/IO/IT

Epinephrine CRI

0.1–0.5 μg/kg/min

IV

CRI

Arrhythmias

Flumazenil

Benzodiazepine antagonist

0.01 mg/kg

IV/IO/IT

Once; repeat if overdose

Lidocaine

Class I antiarrhythmic

0.5 mg/kg

MetHb

Sz; cardiac

Mannitol

Hyperosmotic

500 mg/kg

IV over 15 min

Can repeat 3 times

diuretic

Naloxone

Opioid antagonist

0.04 mg/kg

IV/IO/IN/IT

Once, repeat if overdose or signs of intoxication recur

Norepinephrine

Alpha- 1 adrenergic agonist

0.05–2 U/kg/min

IV

CRI

Decreased perfusion

Saline 7%

Hyperosmotic

2 ml/kg

IV over 15 min

May repeat once

HyperNa

Vasopressin

V1 agonist non adrenergic 

0.8 U/kg

IV/IO

Every other CPR cycle

Local tissue necrosis

vasopressor

with extravasation

1.2 U/kg

IT

Vasopressin CRI

0.5–5 mU/kg/min

IV

CRI
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–  Could  be  due  to  poor  CPR,  that  is, 

paddles on opposite sides of chest with 

consider hand position, rate, etc., change. 

the paddle marked “sternum” over the 

3)  If  >25–30 mm  and/or  acutely  increasing, 

patient’s right thorax. 

evaluate  for  ROSC  and  if  present,  provide 



●

Alternatively, a flat paddle or electrode 

PCA care. 

pad  is  slid  under  the  cat  in  lateral 

ii)  ECG:

recumbency  and  the  other  placed 

1)  Evaluate:

opposite with the “sternum” paddle on 

–  After 2 minutes of compressions. 

patient’s right thorax. 

–  During exchange of compressors, that is, 



●

Select  4–6 J/kg  for  monophasic  defiduring no compressions. 

brillators  or  2–4 J/kg  with  a  biphasic 

–  less  than  10 seconds  of  compression 

defibrillator. 

interruption. 



●

Contact  with  the  patient  or  an  item 

2)  Normal  sinus  or  other  viable  perfusing 

connected to the patient during defirhythm, evaluate for ROSC and if present, brillation creates a shock hazard; the 

provide PCA care. 

person  using  the  defibrillator  should 

3)  Non shockable  rhythm:  asystole  (flatline) 

announce the impeding shock. 

and pulseless electrical activity (wide, often 

● 

Administer  one  shock  and  immedibizarre bradyarrhythmia with no or ineffecately  return  to  BLS  reassessing  in tive  mechanical  cardiac  activity)  are  most 

2 minutes. 

often observed in cats with CPA. 

–  In the absence of a defibrillator, a precor

–  Resume  BLS  for  another  cycle,  that  is, 

dial thump consisting of a closed fist hit 

2 minutes. 

over the heart approximately 6 in. above 

–  Administer epinephrine:

can be attempted followed by an imme

● 

mg/kg IV/IO, then every other cycle. 

diate return to another cycle of BLS, that 

● 

Consider high dose if prolonged CPR 

is, no ECG check. 

(0.1 mg/kg IV/IO). 

–  If  on  next  recheck  persistent  VF/VT 

● 

Vasopressin  (0.8 U/kg  IV/IO)  can  be 

continues:

used  as  an  alternative  or  addition  to 



●

Increase dose of defibrillation by 50% 

epinephrine. 

and return to compressions. 

–  Atropine (0.04 mg/kg IV/IO) can be con



●

Administer  anti arrhythmics  keeping 

sidered  especially  if  potential  for  vagal 

in  mind  they  supplement  and  do  not 

contribution  or  AV  block  present  and 

replace defibrillation:

every other cycle. 



■

Amiodarone (5 mg/kg slow IV/IO). 

–  Sodium  bicarbonate  (1 meq/kg  slow 

■ 

The use of lidocaine has been ques

IV) for:

tioned  and  its  dose  is  reduced  in 

● 

Prolonged >10 minutes of CPA. 

cats (0.5 mg/kg IV/IO). 

● 

Hyperkalemia. 



●

Administer  epinephrine  and/or  vaso

● 

Pre arrest severe metabolic acidosis. 

pressin and repeat every other cycle. 

4)  Shockable  rhythm:  ventricular  fibrillation 

iii)  Rule out underlying causes of reversible CPA 

(sawtooth waveform) or pulseless ventricu

(“Hs and Ts”). 

lar tachycardia. 

1)  Hypoxia:

–  Immediate  fibrillation  therapy  is  indi

–  Hypoxemic hypoxia–CPR should initially 

cated, as the longer a heart fibrillates, the 

address. 

less likely is survival. 

–  Administer red blood cells in case of ane

● 

A  quick  clip  of  the  electrode  area  is 

mic hypoxia. 

ideal for conduction, but creates delays; 

2)  Hypovolemia/hypoperfusion:

in short haired cats, good paddle con

–  Only  give  IV  fluids  if  hypovolemia 

tact  with  appropriate  conducting  gel 

known  or  highly  suspicious  cause  of 

may suffice (avoid alcohol, as it creates 

CPA,  that  is,  detrimental  in  CPR  if 

an explosion/fire hazard). 

euvolemic. 

● 

The cat in dorsal recumbency can be 

–  Give  5–15 ml/kg  boluses  of  isotonic 

squeezed  between  the  two  standard 

crystalloids. 

16  Cardiopulmonary Resuscitation (CPR)

3)  Hypoglycemia:

v)  Delays  beyond  the  original  interruption  of 

–  Confirm with blood glucose if suspected. 

compressions  for  5–10 seconds  should  not  be 

–  Do not treat empirically. 

incurred to obtain evidence for ROSC. 

4)  Hyperkalemia/hypokalemia

vi)  Once recognized, smartly move to PCA care, as 

–  Hyperkalemia, for example, urinary obstrucre arrest is common in the initial ROSC period. 

tion, confirm and treat for hyperkalemia (see 

F)  Postcardiac arrest care should be prioritized in the fol

Chapter 32—Electrolyte Disorders). 

lowing order and minimally addressed prior to recom

–  Hypokalemia— confirm and treat only if 

mended referral to a 24 hour critical care facility. 

severe with slow diluted infusion. 

a)  Respiratory:

5)  H+  (acidosis):  treat  if  known  contributor 

i)  Normoventilation:

to arrest, or prolonged as mentioned in the 

1)  PETCO2 31–41 mmHg. 

earlier text. 

2)  PaCO2 26–36 mmHg. 

6)  Hypothermia

3)  Maintained  by  providing  positive  pressure 

–  Do not rewarm unless a primary cause of 

ventilation  if  the  patient  is  not  spontanethe CPA. 

ously breathing or hypoventilating. 

–  Warm to 33 ± 1 °C. 

4)  Avoid doxapram. 

7)  Tablets/toxicity (drugs/anesthesia):

ii)  Normoxemia:

–  Specific treatments for known toxins. 

1)  SpO2 94–98%. 

–  Reverse anesthetics and sedative as men2)  PaO2 80–100 mmHg. 

tioned in the earlier text. 

3)  Supplement  with  oxygen  to  maintain  and 

8)  Tachyarrhythmia/thromboembolism:

provide  PPV  if  hypoxemic  with  maximal 

–  Not as reversible as in people with, for 

oxygen supplementation. 

example,  myocardial  infarction;  neverb)  Hemodynamic:

theless,  the  cat  may  be  experiencing  a 

i)  Desired end points if available:

heart disease related arrhythmia. 

1)  Lactate <2.5 mmol/l. 

–  Thromboembolic therapy remains contro2)  Central venous oxygen saturation (SvO2) > 70%. 

versial in cats. 

ii)  Normotension:

9)  Trauma/tension pneumothorax:

1)  Systolic arterial pressure 100–200 mmHg. 

–  Consider diagnostic thoracentesis if sus2)  Mean arterial pressure 80–120 mmHg. 

pected (pausing compressions). 

3)  If hypertensive:

–  Point of care ultrasound can assess. 

–  Allow  time  for  previously  administered 

–  Relieve with chest tube or slash thoracotomy. 

pressor to be metabolized. 

10)  Tamponade (cardiac):

–  Consider permissive as some evidence to 

–  Confirm with point of care ultrasound. 

support  mild  hypertension  beneficial  in 

–  Perform  pericardiocentesis  or  slash 

early PCA. 

thoracotomy. 

–  If persistent:

E)  ROSC—Observe for during:



●

Provide analgesia to rule out pain. 

a)  CPR:



●

Consider antihypertensive. 

i)  Obvious signs of life, for example, spontaneous 

4)  If  hypotensive  (see  Box    2.6  for  quick 

respirations, movements, etc. 

CRI setup):

ii)  Capnograph values acutely increasing. 

–  Squeeze  the  vessels:  administer  vasob)  Between 2 minute CPR cycles during changing of pressors empirically or if clinical signs of 

compressors and ECG evaluation:

vasodilation are present. 

i)  Perfusing  rhythm,  for  example,  normal  sinus 



●

Norepinephrine  (0.05–2.0  μg/kg/min 

rhythm on ECG. 

IV/IO)— titrate to effect. 

ii)  Palpation of pulses— studies in people support 



●

Dopamine (10–20 μg/kg/min IV/IO)— 

a significant degree of false positive and negatitrate to effect. 

tive; therefore, interpret with other data. 

● 

Vasopressin  which  is  nonadrenergic 

iii)  Auscultation  or  point–of care  echocardio

(0.5–5 mU/kg/min  IV/IO)— titrate 

gram— a beating heart is needed for ROSC, but 

to effect. 

it must be providing circulation. 

● 

If  no  other  pressor  is  available,  epiiv)  Presence of peripheral Doppler blood flow or nephrine (0.1–0.5 μg/kg/min IV/IO)— 

pulse oximetry, plethysmograph, or LED pulses. 

titrate to effect. 
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ii)  Anti convulsants:

Box 2.6  CRI Setup

1)  Treat all seizures. 

50 ml syringe with pump or 50 ml buretrol with micro-

2)  Empirical seizure prophylaxis is a consid

drip ± fluid pump

eration,  as  seizures  may  not  be  evident; 



● Dose of drug in μg/kg/min × body weight in kg × 0.6 = 

however, effectiveness unknown. 

# of mg placed into 50 mL 0.9% NaCl @5ml/hr

iii)  In  patients  that  remain  comatose  or  have 

signs  of  increased  intracranial  pressure,  a 

250 ml 0.9% saline bag with a microdrip or fluid pump

hyperosmotic  can  be  administered  IV  over 



● Dose of drug in μg/kg/min × body weight in kg × 3 in 

15 minutes  and  keeping  fluid  balance 

250 ml of 0.9% NaCl @ 5 ml/h

in check:

1)  Mannitol  25%  (500 mg/kg  IV  over 

● 

Adrenergic  vasopressor  effects  are 

15 minutes). 

pH sensitive,  so  correction  of  severe 

2)  7% NaCl (2 ml/kg slow IV over 15 minutes). 

acidemia  may  increase  effect,  that  is, 

iv)  Steroids  for  neuroprotection  are  not 

decrease dose needed. 

recommended. 



●

If chronic disease, etc., had the potenv)  Hypoglycemia should be avoided; how ever, tial  for  adrenal  exhaustion  prior  to 

tight  glucose  management  may  be 

CPA  and  hypotension  persists  after 

problematic. 

addressing acidemia, poor contractility, 

G) Discontinuing CPR is reasonable if:

and fluid deficits (see text),  physiologi-

a)  The ETCO2 does not get above 10–15 mmHg while 

 cal doses of steroids can be considered, 

providing good quality CPR for several cycles. 

for  example,  hydrocortisone  (1 mg/kg 

b)  No  ROSC  after  25 minutes  if  a  reversible  cause  is 

and q 6 hours IV prn). 

suspected,  for  example,  elective  surgery  anes

–  Push the heart: empirically, or if decreased 

thetic death. 

contractility  evidenced  on  point of care 

c)  No ROSC after several cycles of good quality CPR in 

ultrasound. 

cases  of,  for  example,  prehospital  blunt  trauma 

● 

Dobutamine (1–10 μg/kg/min IV/IO); 

arrest presented in CPA with non tension pneumoit can cause seizures in cats. 

thorax,  geriatric  cat  with  serious  underlying  dis

–  Fill  the  vessels:  if  hypovolemia 

eases,  etc.,  where  the  condition  is  unlikely  to  be 

suspected. 

reversed or the patient will not return to a desirable 

● 

With conservative fluid boluses. 

quality of life. 

● 

Contraindicated  in  congestive  heart 

d)  DNAR order executed. 

failure. 

e)  Re arrests  continue  to  recur  after  ROSC  despite 

● 

Packed  cell  volume  (PCV)  >  25%—

aggressive PCA care. 

transfuse prn. 

H) Post CPR debrief (with all participants contributing) to 

c)  Neuroprotection:

identify:

i)  TTM in comatose post ROSC patients:

a)  Positive system attributes and behaviors. 

1)  Cool to 32–34 °C (89.5–93 °F) for 24–48 hours 

b)  Systems and behaviors that can be improved. 

if critical care available. 

c)  Action plans to create improvements. 

2)  Avoid rewarming if temperature after ROSC 

d)  Any deficiencies in the documentation of the CPA 

is 32–34 °C and refer to critical care facility. 

and CPR. 

3)  When  rewarming,  increase  patient 

e)  SOPs or issues to be addressed regarding client vistemperature 0.25–0.5 °C/h. 

its, communication, referral, etc. 
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3

Shock

 Erica Reineke

UNIQUE FEATURES



● Cats in shock (particularly septic shock) may present with an inappropriately low heart rate (<160 bpm). 



● Hypothermia is common in these patients and should be addressed once initial fluid therapy has been administered. 



● Pain can be difficult to assess in cats, so analgesics should be administered if there is any question. 



● Nutrition is important, as cats with poor tissue perfusion rapidly develop a catabolic state which can lead to hepatic lipidosis. 

A)  Shock definition

–  Decreased intracellular enzyme function. 

a)  Inadequate  tissue  oxygen  delivery  occurring  most 

–  Decreased  activity  of  the  Na- K- ATPase 

commonly  due  to  decreased  effective  circulating 

pump, which leads to the following:

volume, but can also occur secondary to decreased 



●

Cell swelling. 

arterial oxygen content or increased oxygen demand 



●

Loss of function. 

of the tissues. 



●

Cell death. 

i)  Oxygen delivery (DO2) must equal oxygen con-



●

Cytokine release. 

sumption (VO2). 



■

Further cellular damage. 

1)  DO2:



■

Cell death. 

–  Oxygen delivery is determined by car diac 



■

Systemic inflammation:

output  multiplied  by  oxygen  content 



⚪ Can  lead  to  progressive  failure  of 

(CO × CaO2). 

com pensatory mechanisms and irre-



●

CaO2 = (Hb × 1.34 × SaO2) + (PaO

versible organ damage and failure. 

2 × 0.003). 

B)  Clinical signs

2)  VO2:

a)  Clinical  signs  of  poor  tissue  perfusion  are  similar 

–  Oxygen  consumption  is  relatively  con-

regardless  of  the  category  or  underlying  cause  of 

stant in a normal animal. 

the shock and may include the following:

–  Causes of increased VO2:

i)  Poor peripheral pulses. 



●

Status epilepticus (relatively rare). 

ii)  Pale pink or white mucous membranes. 



●

Heatstroke (rare). 

iii)  Prolonged capillary refill time. 



●

Permethrin intoxication or tremorgenic 

iv)  Cold extremities. 

mycotoxins (rare). 

v)  Hypothermia. 



●

Malignant hyperthermia (rare). 

vi)  Tachycardia or bradycardia. 

3)  If DO2 is less than VO2, the result is debt in 

1)  Bradycardia  is  a  unique  pathophysiologic 

cellular oxygen and energy production (ATP) 

response to shock (particularly septic shock) 

leading to the following:

in cats. 

–  Lactic acid production. 

C)  Categories of shock

–  Intracellular acidosis. 

a)  Cardiogenic shock
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i)  Failure of the heart to maintain cardiac output:

3)  Irregular  heart  rate,  pulse  deficits, 

1)  Decreased cardiac output results in a decrease 

tachycardia  (HR > 200–220),  or  bradycardia 

in oxygen delivery. 

(HR < 140–160). 

ii)  Etiology:

4)  In  cases  of  pericardial  effusion,  the  heart 

1)  Low  cardiac  output  heart  failure  (see 

sounds  may  be  muffled  and  there  may  be 

Chapters  14— Approach  to  Diagnosis  and 

jugular vein pulses or jugular vein distention 

Treatment of Feline Cardiac Emergencies):

(can  be  seen  with  just  right- sided  cardiac 

–  Occurs when systolic dysfunction impairs 

failure as well). 

the ability of the heart to effectively main-

5)  A  gallop  rhythm  on  cardiac  auscultation  is 

tain cardiac output. 

more specific for heart disease and conges-

–  Most commonly seen in cats with dilated 

tive  heart  failure  than  a  heart  murmur. 

cardiomyopathy. 

However, the absence of a heart murmur or 

–  Can also occur in severe cases of restric-

gallop  rhythm  does  not  rule  cardiogenic 

tive or unclassified cardiomyopathy. 

shock out. 

2)  Arrhythmias  (see  Chapter  17— Management 

6)  If  congestive  heart  failure  is  present, 

of Life-Threatening Arrhythmias):

increased lung sounds or pulmonary crack-

–  Tachyarrhythmias:

les may be auscultated. 

● 

Significant  increase  in  heart  rate 

7)  In  cases  with  concurrent  pleural  effusion, 

impairs  ventricular  filling  and  subse-

lung sounds will be muffled. Pleural effusion 

quent cardiac output. 

is common in cats with left- sided heart failure. 

–  Bradyarrhythmias:

8)  Point- of- care ultrasound is suggested to eval-



●

Significant  decrease  in  heart  rate 

uate left atrial to aortic size (>1.5:1 sugges-

impairs ability of the heart to provide 

tive  of  left  atrial  enlargement),  cardiac 

adequate cardiac output. 

chamber size, and contractility, and the pres-

● 

Cats may become bradycardic second-

ence of pericardial and pleural effusion and/

ary to critical illness and shock, so dif-

or  B- lines  indicating  interstitial- alveolar 

ferentiating primary bradyarrhythmia 

edema may be useful for evaluating for con-

as a cause of shock versus bradycardia 

gestive heart failure and cardiogenic shock. 

secondary to shock can be challenging. 

b)  Hypovolemic shock

3)  Pericardial  effusion  (see  Chapter  14— 

i)  Hypovolemic shock is impaired perfusion sec-

Approach  to  Diagnosis  and  Treatment  of 

ondary  to  a  decrease  in  effective  circulat-

Feline Cardiac Emergencies):

ing volume. 

–  Clinically significant pericardial effusion 

ii)  Etiology:

leading  to  cardiac  tamponade  is  rare  in 

1)  Hemorrhage:

the cat. 

–  Hemoperitoneum. 

–  When cardiac tamponade occurs, increased 

–  Gastrointestinal hemorrhage. 

pressure within the pericardial sac leads 

–  Trauma  resulting  in  significant  tissue 

to impaired filling of the right side of the 

damage and hemorrhage. 

heart. This results in poor cardiac output 

–  Epistaxis. 

and poor tissue perfusion. 

2)  Isotonic losses with severe dehydration:

iii)  Clinical signs:

–  Vomiting. 

1)  Hypothermia common. 

–  Diarrhea. 

2)  Cold extremities, poor to absent peripheral 

–  Severe  polyuria  without  compensatory 

pulses particularly dorsal pedal pulses may 

polydipsia  (e.g.,  sick  diabetic  ketoaci-

indicate  hypotension  or  possible  aortic 

dotic cat). 

thromboembolism. 

3)  Third space loss:

–  Aortic thromboembolism is common in cats 

–  Ascites. 

with heart disease and congestive heart fail-

–  Pleural effusion. 

ure. Physical exam findings would include 

iii)  Clinical signs:

hindlimb paresis or paralysis in addition to 

1)  Poor femoral and dorsal pedal pulse quality. 

absent peripheral pulses. Forelimb thrombo-

2)  Pale  pink  or  white  mucous  membranes 

embolism is less common but may also occur. 

(especially if blood loss). 
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3)  Prolonged capillary refill time (CRT). 

Table 3.1  SIRS criteria in the cat. 

4)  Tachycardia:

–  Bradycardia possible in severely ill cats. 

Temperature

>103.5 °F, <100 °F

5)  Tachypnea:

Heart rate

>225, <140 beats/minute

–  Dull lung sounds with pleural effusion. 

Respiratory rate

>40 breaths/minute

6)  Abdominal fluid wave:

White blood cell count

>19 500, <5000, or >5% bands

–  Hemoabdomen. 

–  Ascites. 

iv)  Point- of- care ultrasound should be done in cats 

with signs consistent with shock and may reveal 

2)  Septic  shock  is  a  progression  of  this 

pleural effusion or abdominal effusion:

inflammatory response resulting in cardio-

1)  Fluid should be sampled for identification 

vascular dysfunction and compromise. 

of  type  (hemorrhage  versus  serosanguine-

3)  SIRS can result from a number of different 

ous versus sanguineous) and for microscopic 

disease processes:

evaluation. 

–  The criteria for the diagnoses of SIRS are 

c)  Distributive shock

different in cats (see Table 3.1). 

i)  This  class  is  characterized  by  syndromes  that 

4)  Potential  sources  of  infection  include  the 

result in inappropriate vascular tone, vasodila-

following:

tion, and impaired microcirculation. 

–  Pulmonary:

ii)  The  etiologies  generally  associated  with  this 



●

Pyothorax. 

syndrome include septic shock and anaphylac-



●

Pneumonia:

tic shock. 

■ 

It  is  important  to  note  that  in  a 

iii)  Anaphylactic shock:

study  of  histopathologically  diag-

1)  This is the systemic sequelae of a Type I or 

nosed  pneu monia  in  cats,  signi-

immediate hypersensitivity reactions:

ficant  pneumonia  was  associated 

–  Mediated by IgE antibodies. 

with  minimal  or  no  changes  on 

2)  Can  occur  independent  of  IgE  mediation; 

thoracic  radiographs  or  CBC  in 

this is termed an anaphylactoid reaction. 

some cats. 

3)  Occurs due to direct activation of the com-

■ 

Endocarditis  (extremely  rare  in 

plement cascade. 

the cat). 

4)  Diagnosis:

–  Abdominal:

–  Anaphylaxis can occur secondary to any 



●

Septic peritonitis. 

stimulus  of  the  immune  system,  includ-



●

Septic pancreatitis. 

ing  insect  bites,  snake  envenomation, 



●

Pyelonephritis. 

vaccines, drug reactions, transfusion reac-

● 

Bacteremia  secondary  to  severe  gas-

tions, and mast cell tumors. 

trointestinal disease (i.e., secondary to 

–  The signs of anaphylaxis in cats most com-

panleukopenia virus infection). 

monly  start  in  the  gastrointestinal  tract 



●

Pyometra. 

(often severe vomiting) and then progress 



●

Hepatic abscesses. 

to clinical signs of hypoperfusion. 

–  Viral Infections:

5)  Treatment:



●

Panleukopenia

–  Removal  of  the  underlying  cause, 

–  Neurologic:

if known. 



●

Meningitis. 

–  Benadryl 1–2 mg/kg IM. 

–  Trauma— secondary to bite wounds and 

–  Epinephrine 0.1 ml/cat IV or IM (1:1000 

subsequent  tissue  infection  which  may 

solution). 

result in abscess or cellulitis. 

–  Fluid  therapy  and  supportive  care  (see 

5)  Clinical signs:

“Septic shock” in the following text). 

–  Bradycardia (HR < 140 bpm) or tachycar-

iv)  Septic shock:

dia (HR > 225 bpm):

1)  Sepsis is defined as a systemic inflammatory 



●

In the most recent study of 31 cats with 

response  syndrome  (SIRS)  secondary  to  an 

sepsis, 16% were bradycardic, 6% were 

infectious process. 

tachycardic,  and  the  remaining  cats 
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had  a  normal  heart  rate. The  median 

increase  heart  rate,  as  this  will  increase 

HR of all cats was 164 bpm. 

myocardial oxygen consumption. 

–  Dehydration. 

–  Fluid  resuscitation  and  rewarming  gen-

–  Hypothermia. 

erally  will  result  in  a  normalization  of 

–  Poor to absent peripheral pulses. 

the heart rate. 

–  Prolonged CRT. 

ii)  Fluid therapy is an integral part of the therapy 

–  Pale, icteric mucous membranes:

in  all  categories  of  shock  except  cardiogenic 



●

The  classic  hyperemic,  red  mucous 

shock resulting from low cardiac output heart 

membrane with a rapid CRT is gener-

failure. 

ally not appreciated in cats. 

iii)  Care must be taken with fluid therapy to avoid 



●

Hyperbilirubinemia is common, iden-

pulmonary edema or fluid overload. 

tified in 55% of septic cats in one study. 

iv)  Intravenous fluid therapy:

–  Abdominal pain:

1)  An  initial  bolus  of  10–20 ml/kg  of  isotonic 



●

This  was  reported  independent  of 

crystalloids  over  15–30 minutes  should  be 

intra- abdominal  pathology  in  a  study 

given and repeated as needed (generally not 

of severe sepsis in cats. 

exceeding 40–60 ml/kg (total blood volume) 

–  Dyspnea:

to improve perfusion parameters and reach 

–  Dull mentation. 

end points of resuscitation. Higher aliquots 

6)  Point- of- care ultrasound may reveal pleural 

(>20 ml/kg) of fluids should only be admin-

or  abdominal  effusion,  or  subcutaneous 

istered to cats with severe shock. 

fluid accumulation (i.e., abscess):

2)  Isotonic fluids are typically used, but if the 

–  A  therapeutic  (as  in  the  case  of  signifi-

cat is hypoproteinemic or perfusion parame-

cant pleural effusion) or diagnostic fluid 

ters (pulse quality, heart rate, CRT, etc.) fail 

sample should be obtained using aseptic 

to  improve  with  adequate  crystalloids 

technique:

boluses,  then  colloids  and/or  vasopressors 

● 

Samples  should  be  evaluated  micro-

(see below) could be administered. The dose 

scopically for the presence of intracellu-

of  colloidal  solutions  (e.g.,  hetastarch) 

lar bacteria and presence of suppurative 

should be 3–5 ml/kg over 15–20 minutes. 

inflammation. 

3)  The initial treatment should ideally be with 



●

Paired effusion glucose to blood glucose 

warmed isotonic fluids using an in- line fluid 

can  be  evaluated.  An  effusion  glucose 

warmer if the cat is hypothermic. 

20 mg/dl less than blood may suggest a 

c)  Rewarming:

septic effusion. 

i)  Rewarming  is  initially  done  by  administering 



●

Aerobic cultures of the effusion should 

warm  intravenous  fluids  as  mentioned  in  the 

be performed for bacterial susceptibi-

earlier text. 

lity testing. 

ii)  During intravenous fluid resuscitation, external 

D)  Treatment of shock

warming should be instituted:

a)  Goals of therapy are to maximize oxygen delivery to 

1)  Forced- air  heating  (Bair  Hugger,  Arizant 

the tissues:

Healthcare Inc., Eden Prairie, MN; Figure 3.1). 

i)  Oxygen delivery (DO2) = cardiac output × oxy-

2)  Circulating water blankets. 

gen content. 

3)  Incubator. 

1)  Oxygen  content  =  (1.34  Hb × SpO2) + 

iii)  A continuous rectal temperature probe can be 

(0.003 × PaO2). 

invaluable  in  these  patients  to  monitor 

ii)  Addressing each of these components (hemo-

response to warming as well as to watch for 

globin, oxygen saturation, and PaO2) will maxi-

any  evidence  of  hyperthermia  or  relapse  of 

mize your oxygen delivery. 

hypothermia. 

b)  Fluid  therapy  (see  Chapter  8— Fluid  Therapy  for 

iv)  Cats  generally  require  improvement  in  their 

more details):

body temperature before improvement in per-

i)  Cardiac output = heart rate × stroke volume. 

fusion parameters are appreciated. 

1)  Fluid therapy will improve preload and sub-

d)  Catecholamines:

sequently improve stroke volume. 

i)  In  cats  that  remain  hypotensive  (Doppler 

2)  Although cats in shock may be bradycardic, 

<  90 mmHg,  mean  arterial  pressure < 70) 

atropine  should  not  be  administered  to 

despite  adequate  IV  fluid  therapy  and 

[image: Image 4]
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–  Last- line  vasopressor  agent  reserved  for 

cats  that  have  not  responded  to  other 

measures listed in the earlier text. 



●

Dose 0.5–5 milliUnits/kg/min as a CRI). 

e)  Antibiotic therapy:

i)  Antibiotics  should  only  be  administered  in 

cases of documented or suspected infections. 

ii)  In cats with septic shock, appropriate anti-

biotic  therapy  is  an  integral  part  of  the 

therapy. 

iii)  Culture  and  sensitivity  should  be  used  to 

identify  effective  antibiotics.  Broad- spectrum 

antibiotics should be instituted pending sensi-

tivity results. Combination choices include the 

following:

Figure 3.1  Cat being externally rewarmed using a Bair Hugger 1)  Ampicillin  22 mg/kg  IV  every  8  hours  and 

circulating air blanket. 

Baytril 5 mg/kg IV every 24 hours. 

2)  Clindamycin 10 mg/kg IV every 12 hours and 

normothermia,  exogenous  catecholamine 

Baytril 5 mg/kg IV every 24 hours. 

therapy may be indicated. 

3)  Timentin (ticarcillin and clavulanate potas-

1)  Norepinephrine— considered to be first line 

sium) or Zosyn (piperacillin and tazobactam) 

vasopressor:

40–50 mg/kg IV every 6–8 hours or as a con-

–  Dose: 0.1–3 ug/kg/min. 

stant rate infusion. 

–  Epinephrine may also be used, although 

f)  Glucocorticoids:

this drug is typically reserved for cardio-

i)  High- dose corticosteroids are no longer recom-

pulmonary resuscitation. Dose 0.1–2 ug/ 

mended for the treatment of shock. 

kg/min. 

1)  Potential  risks  of  high- dose  corticosteroid 

2)  Dopamine:

use for shock include increased risk of infec-

–  Vasopressor with dose- dependent effects 

tion,  delayed  wound  healing,  and  gastric 

of the following:

irritation/ulceration (although cats are rela-

● 

5–10 μg/kg/min (affects B1 adrenergic 

tively  more  resistant  to  these  effects  com-

receptors):

pared to dogs). 

■ 

Positive  inotropic  and  chronotropic 

ii)  Recent  studies,  however,  have  suggested  that 

effects. 

septic human patients may benefit from physi-

● 

>10 μg/kg/min (affects alpha- 1 adren-

ologic doses of steroids. 

ergic  receptors  resulting  in  vaso - 

1)  In  humans,  the  current  recommendation 

constriction). 

is  the  use of replacement  doses  of  gluco-

3)  Dobutamine:

cor ticoids  in  patients  with  refractory  septic 

–  Dose 5–20 μg/kg/min. 

shock. 

–  Acts on β receptors having positive ino-

2)  A recent study in septic cats documented a 

tropic and chronotropic effects, and can 

decreased  adrenal  response,  but  no  study 

cause peripheral vasodilation. 

has  documented  an  improved  outcome  in 

–  Cats treated with dobutamine should be 

cats  treated  with  physiologic  steroids  as 

observed closely, as there are reports of 

compared to conventional therapy. 

seizures in cats treated with dobutamine 

–  However,  in  cats  with  refractory  septic 

constant rate infusions (CRIs) for greater 

shock  that  remain  hypotensive  despite 

than 24 hours. 

adequate  volume  replacement,  normo-

● 

If  a  patient  has  seizures  on  dobu-

thermia, vasopressor therapy, treatment 

tamine, administer 0.5 mg/kg of diaze-

with  physiologic  steroids  may  be 

pam  and  discontinue  the  dobutamine 

indicated. 

immediately. 

● 

Dexamethasone  sodium  phosphate 

4)  Vasopressin:

0.08 mg/kg IV every 12–24 hours. 

–  Potent pressure agent. 

■ 

Equivalent to 0.5 mg/kg prednisone. 
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g)  Blood products:

patient  is  not  vomiting,  is  normothermic  and 

i)  Administration of red blood cells to an anemic 

normotensive  (see  Chapter  9— Nutritional 

patient will improve the oxygen- carrying capac-

Support for the Critically Ill Feline Patient). 

ity of the blood and therefore improve oxygen 

iii)  In cats that cannot tolerate enteral feeding, cen-

delivery. 

tral parenteral nutrition may be necessary (see 

1)  Red  blood  cell  transfusions  should  be  con-

Chapter  9— Nutritional  Support  for  the 

sidered  in  any  poorly  perfused  cat  with  a 

Critically Ill Feline Patient). 

packed cell volume (PCV) < 20%. 

i)  Glycemic control:

–  Initial  dose  of  1  unit  (approximately 

i)  In  humans,  maintaining  normoglycemia  sig-

20–30 ml) per cat or 10–20 ml/kg. 

nificantly  improves  outcome  in  critically  ill 

–  Prior to administration, a blood type and 

patients. 

cross match should be performed due to 

ii)  Cats  that  are  stressed  frequently  become 

the  presence  of  naturally  occurring 

hyperglycemic. 

alloantibodies  to  other  red  blood  cells 

1)  If this is persistent throughout hospitaliza-

antigens (i.e., Mik red cell antigen) which 

tion and despite improving perfusion, judi-

may  lead  to  transfusion  reactions  and 

cious  regular  insulin  therapy  may  be 

hemolysis. 

indicated to maintain a blood glucose of less 

ii)  In  cats  with  a  coagulopathy,  replacement  of 

than 250 mg/dl. 

coagulation factors with plasma therapy mini-

–  This is particularly important in patients 

mizes further blood loss. 

receiving  central  parenteral  nutrition 

1)  Fresh frozen plasma should be administered 

(CPN)  in  which  hyperglycemia  is  more 

in cats with prolonged coagulation times. 

commonly seen. 

–  Dose 5–10 ml/kg. 

j)  Pain management (see Chapter 7— Analgesia in the 

h)  Nutritional support:

Critically Ill Cat):

i)  Critically  ill  cats  can  rapidly  develop  a  cata-

i)  Pain can be difficult to recognize in veterinary 

bolic state. 

patients, particularly in critically ill cats. 

1)  This can rapidly result in a significant nutri-

1)  The  severity  of  illness  may  result  in  reluc-

tional  deficiency,  and  nutritional  needs 

tance to treat with analgesic medications. 

should be addressed early. 

ii)  Untreated pain in these cats will lead to depres-

ii)  Nutrition can be provided enterally by a naso- 

sion, inappetence/anorexia, decreased mobility, 

esophageal,  esophagostomy,  or  percutaneous 

and an increase in stress hormones furthering 

endoscopic  gastrostomy  (PEG)  tube  if  the 

the negative nitrogen balance. 
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Trauma

 Erica Reineke

UNIQUE FEATURES



● Clinical signs of shock

Bradycardia (HR < 160 bpm) in addition to other commonly cited signs of shock. 



● Treatment of shock

Crystalloid shock bolus: 40–60 ml/kg. 

Colloid shock bolus: 3–5 ml/kg. 

 Note: In cats, caution must be exercised, with administration of fluid therapy, as pleural effusion and pulmonary edema can occur as a result of fluid overload in cats with underlying heart disease. 



● Response to hemorrhage

Limited ability of the spleen to contract and release additional red blood cells during blood loss. 



● Clinical signs of respiratory  Tachypnea, increased respiratory effort, open- mouth breathing, etc., are signs of severe distress

respiratory distress. 



● Injuries

Cats commonly present with orofacial injuries such as mandibular symphyseal fractures after blunt trauma and less likely to have rib fractures due to a compliant thorax. 

A) Overview of trauma

1)  Increasing  heart  rate,  contractility,  and 

a)  Definition of trauma: tissue injury that occurs more 

blood pressure through vasoconstriction

or less suddenly and includes any physical damage 

2)  This initially results in increases in skeletal 

to the body caused by violence or accident. 

muscle blood flow and decreases in splanch-

b)  Trauma  is  one  of  the  most  common  emergencies 

nic blood flow. 

seen in the hospital. Severe trauma is generally asso-

3)  Ongoing  increases  in  circulating  catechola-

ciated  with  significant  blood  loss  or  extensive  soft- 

mines will lead to activation of the renin–angi-

tissue and orthopedic injury, and often involves vital 

otensin system and secretion of vasopressin, 

organs. The unique physiology of the feline patient 

ultimately intensifying vasoconstriction. 

makes the treatment of trauma difficult and different 

4)  Blood  flow  is  redistributed  to  the  lungs, 

from that of canine patients. 

heart, and brain, and away from the skin, 

c)  Feline  patients  may  suffer  from  unique  traumatic 

skeletal muscle, kidneys, and other abdom-

injuries such as high- rise syndrome, dryer and fan- 

inal organs. 

belt injuries, and common traumatic injuries such 

ii)  Activation  of  intrinsic  and  extrinsic  coagula-

as vehicular injury and bite wounds. 

tion cascades occurs. 

B)  Physiologic response to trauma

iii)  Immune system upregulation leads to the pro-

a)  Trauma  elicits  complicated  physiologic  responses 

duction  of  acute  phase  proteins  and  cytokine 

designed to prevent further tissue injury and pro-

release. 

mote adequate cellular oxygen delivery. 

b)  Exuberant  physiologic  responses  to  trauma  can 

i)  Sympathetic  nervous  system  stimulation  will 

initiate  a  cascade  of  inflammatory  and  metabolic 

lead to release of catecholamines and cortisol. 

responses  that  predispose  to  the  development  of 
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systemic inflammatory response and multiple organ 

Arterial  blood  gas  sampling  is  generally 

dysfunction syndrome. 

difficult  to  perform  in  a  cat  and  requires 

C)  Approach to the feline trauma patient

restraint,  which  may  further  compromise 

a)  Assessment of the respiratory system. 

the patient. Therefore, venous CO2 may be 

i)  Observation

used  with  caution  as  an  indicator  of 

1)  Evaluate  respiratory  rate  and  effort  and 

hypoventilation as long as tissue perfusion 

pattern of breathing. 

is good. Poor tissue perfusion may cause an 

–  Signs  of  respiratory  distress  include 

increase in venous CO2 despite normal or 

tachypnea,  open- mouth  breathing, 

low arterial PaCO2. 

cyanotic  mucous  membranes,  stridor 

iv)  Treatment

or  stertor,  restlessness,  extended  head 

1)  Provide  supplemental  oxygen  either  with 

and neck, nasal flare, and paradoxical 

flow- by, mask, or oxygen cage. 

respiration. 

2)  Thoracocentesis  should  be  immediately 

–  Keep  in  mind  that  cats  develop  more 

performed if respiratory compromise is sus-

subtle signs of respiratory distress com-

pected  or  confirmed  to  be  secondary  to 

pared  with  dogs,  and  tachypnea  alone 

pleural space disease. Tension pneumotho-

may  be  indicative  of  severe  respiratory 

rax (extremely rare in the cat) will not only 

compromise.  Open- mouth  breathing  is 

cause severe respiratory compromise due to 

generally  considered  to  be  a  sign  of 

lung collapse but will also decrease venous 

severe respiratory compromise. 

return and impair cardiac output. 

2)  Evaluate for thoracic injuries such as pene-

3)  Consider  intubation  and  positive  pressure 

trating chest wounds or flail chest. 

ventilation  if  respiratory  distress  does  not 

3)  Evaluate for injuries that could impair the 

improve  with  oxygen  support  or  needle 

upper  airways,  including  jaw  fractures, 

thoracocentesis (if indicated). This is rarely 

skull fractures, tracheal avulsion, or direct 

needed,  and  most  cats  will  significantly 

injury to the laryngeal and pharyngeal area. 

improve following oxygen supplementation 

4)  Hypoventilation  may  occur  due  to  severe 

and minimizing handling, which may exac-

pain,  trauma  to  the  thorax,  or  neurologic 

erbate stress. 

disease. 

4)  Emergency  tracheostomy  may  need  to  be 

ii)  Auscultation

performed  if  there  is  an  upper  airway 

1)  Pulmonary  crackles  or  harsh  lung  sounds 

obstruction from traumatic injuries which 

may indicate the presence of contusions. 

may  occur  in  cats  with  orofacial  injuries. 

2)  Dull lung sounds may be heard with pleural 

This  procedure  is  rarely  necessary  during 

space disease (pneumothorax, hemothorax, 

the  emergent  examination  of  the  feline 

diaphragmatic hernia, etc.). 

trauma patient, but may be needed if exces-

iii)  Diagnostics

sive swelling or bleeding leads to obstruc-

1)  Thoracic radiography is useful in identify-

tion of the upper airway. 

ing rib fractures (relatively rare in cats due 

b)  Assessment of the cardiovascular system. 

to very compliant ribs compared with dogs), 

i)  Physical examination

pulmonary contusions, diaphragmatic her-

1)  Evaluate for shock: hypovolemia and ane-

nia,  and  pleural  space  disease.  Thoracic 

mia can occur in the feline trauma patient 

radiographs should be performed with cau-

following  external  hemorrhage  from 

tion, as the manual restraint and position 

wounds and hemorrhage into a body cavity 

required  can  be  life- threatening  in  a  cat 

(abdomen, thorax, or retroperitoneal space) 

with respiratory signs. 

or  fracture  site.  Significant  and  life- 

2)  Pulse oximetry can be used to evaluate for 

threatening internal hemorrhage can occur 

hypoxemia,  although  results  may  be 

even without obvious evidence of external 

affected by poor perfusion and pigmented 

injuries or wounds. 

mucous  membranes  and  patient  may  not 

–  Mucous  membrane  color  and  capillary 

tolerate. 

refill time: pale or white mucous mem-

3)  Arterial blood gas analysis may be used to 

branes  may  indicate  vasoconstriction 

assess for hypoxemia and hypoventilation. 

from hypoperfusion and/or anemia. 
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–  Heart rate and rhythm:

in  response  to  severe  life- threatening 

● 

Tachycardia (heart rate > 225 bpm) or 

hemorrhage. Therefore, even mild eleva-

bradycardia  (heart  rate < 160 bpm) 

tions  in  blood  lactate  concentration 

may be supportive of shock. 

should prompt the clinician to evaluate 

● 

Bradycardia  has  been  reported  in 

for hypovolemic shock. 

cats  in  response  to  severe  systemic 

iii)  Lactate may be elevated in patients that 

illness.  The  mechanism  by  which 

struggle during venipuncture and there-

this occurs is unknown, but may be 

fore perfusion status should always be 

secondary  to  cytokine  release  or 

evaluated  concurrently  when  evaluat-

increased vagal tone. 

ing lactate. 

● 

Arrhythmias  can  occur  secondary  to 

5)  Blood glucose: may be elevated (>180 mg/

blunt  myocardial  trauma  or  electro-

dl) with trauma due to increases in circulat-

lyte abnormalities. 

ing catecholamines. 

–  Pulse  rate  and  quality:  poor  pulse 

6)  Venous  blood  gas  analysis,  electrolytes, 

quality or absent femoral or dorsal met-

blood urea nitrogen, and creatinine should 

atarsal  pulses  are  indicative  of  shock. 

be evaluated. A metabolic acidosis is most 

Extremities  may  also  feel  cool  to  the 

commonly  secondary  to  hyperlactatemia 

touch. Absent palpable dorsal metatarsal 

(see  in  the  earlier  text)  or  azotemia. 

pulses are a specific but insensitive indi-

Azotemia  may  be  secondary  to  pre- renal, 

cator of hypotension (systolic blood pres-

renal, or post- renal causes such as rupture 

sure < 70 mmHg). 

of the urinary tract. 

–  Measure  rectal  temperature.  Hypother-

7)  Blood  for  a  complete  blood  count  and 

mia  can  occur  commonly  in  the  feline 

chemistry  screen  should  be  drawn  at  the 

trauma patient and is another indicator 

time of initial catheter placement. 

of shock. 

iii)  Treatment

ii)  Initial diagnostics

1)  Evidence  of  poor  tissue  perfusion  (pale 

1)  Measurement  of  indirect  arterial  blood 

mucous  membranes,  slow  capillary  refill 

pressure:

time,  bradycardia  or  tachycardia,  weak  or 

–  A  systolic  blood  pressure   90 mmHg  is 

absent  pulses,  depressed  mentation,  etc.) 

supportive of hypotension. 

should be immediately treated. 

–  Blood pressure measurements should be 

–  The goal of IV fluid therapy should be to 

interpreted in light of the physical exam 

alleviate  peripheral  vasoconstriction, 

findings. 

increase  systolic  blood  pressure  to  at 

–  Serial  blood  pressure  measurements 

least 90 mmHg, and restore urine output 

should be done at the same location to 

through restoration of an adequate intra-

allow  for  direct  comparisons,  as  blood 

vascular volume. 

pressure  measurements  taken  at  differ-

–  10–20 ml/kg  bolus  of  a  balanced  crys-

ent  sites  (i.e.,  radial  versus  coccygeal) 

talloid  solution  IV  over  15–30 minutes 

may differ significantly. 

is  administered,  whereas  3–5 ml/kg  is 

2)  Electrocardiogram  (ECG)  to  evaluate  of 

the bolus for a colloid solution. Larger 

arrhythmias. 

volumes  of  intravenous  fluids  may  be 

3)  Packed cell volume (PCV) and total protein 

needed  in  cats  experiencing  severe, 

concentration:

uncontrolled hemorrhage. 

–  Unlike  the  dog,  the  feline  spleen  has  a 

–  Hypertonic  saline  (3–7.5%)  may  be 

limited  ability  to  contract  and  release 

administered  to  a  cat  with  suspected 

additional  red  blood  cells  during  acute 

traumatic  brain  injury  and  concurrent 

blood loss. 

hypovolemia  to  restore  tissue  perfusion 

4)  Blood  lactate  concentration:  elevations  in 

while concurrently treating for intracra-

venous  blood  lactate  (lactate  >  2 mmol/l) 

nial  hypertension.  Additionally,  hyper-

are supportive of hypovolemia. 

tonic saline can be used in conjunction 

–  In contrast to the dog, cats may only deve-

with crystalloids or colloids for treatment 

lop very high blood lactate concentrations 

of severe hypotension. 
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–  Additional IV fluids are given  depending 

decreased  oncotic  pressure  due  to 

on the patient’s response to fluid therapy 

hypoalbuminemia. 

and  end  points  of  resuscitation  are 

2)  Major external hemorrhage (extremely rare 

reached.  Generally,  IV  fluid  therapy 

in traumatized cats) should be managed by 

should not exceed the total blood volume 

use of direct and indirect pressure and com-

(40–60 ml/kg)  unless  severe  massive 

pressive bandaging. 

ongoing hemorrhage is occurring. 

3)  Hypothermia  should  be  initially  treated 

–  Transfusions  of  packed  red  blood  cells 

through the administration of warm intra-

(10–20 ml/kg),  fresh  frozen  plasma 

venous fluids. Once the intravascular vol-

(10 ml/kg),  or  fresh  whole  blood 

ume  has  been  restored,  circulating  warm 

(20–30 ml/kg)  can  be  administered  to 

water  blankets  or  forced  air  blankets  can 

anemic cats (PCV < 20%) or in cats with 

be used. 

ongoing  or  expected  additional  blood 

4)  Institute pain management:

loss  as  part  of  the  initial  intravascular 

–  Some  studies  have  shown  that  pain 

volume  resuscitation.  However,  blood 

may  worsen  traumatic  conditions  and 

products  are  typically  administered 

increase mortality from shock. 

judiciously due to resource scarcity and 

–  Opioids (such as methadone or fentanyl) 

cost. Cats should always be blood- typed 

are  this  author’s  drug  choice  for  con-

and ideally crossmatched (if cat is sta-

trolling  pain  from  trauma,  as  they 

ble)  prior  to  administering  a  blood 

cause minimal cardiovascular and res-

transfusion. 

piratory depression. Nonsteroidal anti- 

–  Caution must be exercised when admin-

inflammatory  medications  should  be 

istering IV fluid therapy to feline patients, 

avoided initially until renal and gastro-

especially  if  there  is  a  gallop  heart 

intestinal  perfusion  is  adequate  and 

rhythm which may indicate an underly-

there is no evidence of kidney injury. 

ing  cardiomyopathy,  as  fluid  overload 

5)  Broad- spectrum antibiotics should be initi-

resulting in pleural effusion and pulmo-

ated in patients with penetrating injuries. 

nary edema can occur. 

6)  Emergency  surgery  should  be  performed 



●

Point- of- care  (POC)  ultrasound  to 

in patients with uncontrolled internal or 

assess  for  left  atrial  enlargement  can 

external  hemorrhage. This  is  rarely  indi-

be  performed  either  prior  to,  during, 

cated, and most patients can be stabilized 

or following fluid therapy to assess for 

through fluid therapy, blood products, and 

underlying heart disease and/or fluid 

pain management. Cats with penetrating 

overload.  A  La:Ao  measurement  of 

injuries to the thorax or abdomen should 

>1.5:1  would  be  concerning  for  IV 

have  emergency  surgery  once  hemody-

fluid intolerance and the presence of 

namic  stabilization  has  been  achieved 

underlying cardiomyopathy. 

due  to  concern  for  bacterial  infection 



●

The  presence  of  interstitial  alveolar 

and sepsis. 

edema as indicated by B- lines on lung 

c)  Assessment of the neurologic system. 

ultrasound should be interpreted cau-

i)  Physical examination

tiously in a trauma patient, as it could 

1)  A complete examination of the neurologic 

indicate  either  pulmonary  edema  (if 

system  should  be  completed  after  evalua-

seen  following  fluid  therapy)  or  may 

tion  of  the  respiratory  and  cardiovascular 

be  secondary  to  pulmonary  contu-

systems,  and  after  fluid  resuscitation  and 

sions. Thoracic radiography would be 

respiratory support have been initiated. 

needed to differentiate. 

2)  Evaluate  for  trauma  to  the  skull:  scleral 



●

Additionally, pleural effusion and pul-

hemorrhage,  skull  fractures,  ocular  inju-

monary  edema  may  occur  secondary 

ries, split hard palate, mandibular/symphy-

to increased vascular permeability as a 

seal fractures, etc. 

result  of  a  systemic  inflammatory 

3)  Evaluate mentation:

response,  myocardial  dysfunction,  or 

–  Depressed  or  dull  mentation  may  be 

secondary to pain or hypoperfusion, but 
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may also indicate elevations in intracra-

–  Optic  nerve  sheath  diameter  should  be 

nial pressure (ICP). 

measured  3 mm  behind  the  papilla. 

● 

These  patients should  be continually 

Normal  optic  nerve  sheath  diameter 

reassessed  during  IV  fluid  resuscita-

established in 50 healthy cats is 1.23 mm 

tion, as the patient may become more 

± 0.1 mm for the left eye and 1.24 mm ± 

responsive when fluid therapy or pain 

0.11 mm for the right eye. Seven cats with 

management is initiated. 

presumed intracranial hypertension had 

–  Obtunded,  stuporous,  or  comatose 

optic nerve sheath diameters that ranged 

patients  should  alert  the  clinician  to 

in size from 1.5–1.9 mm in diameter. 

likely increases in ICP secondary to brain 

iii)  Treatment

edema or hemorrhage. 

1)  Suspected  elevations  in  ICP  (see  Chapter 

4)  Evaluate  cranial  nerves:  assess  pupil  size 

24—General Approach and Overview of the 

and shape as well as presence of or absence 

Neurologic Cat & Chapter 25—Neurologic 

of a physiologic nystagmus or other cranial 

Emergencies: Brain). 

nerve abnormalities. 

–  Elevate  head  15°–30°  to  encourage 

5)  Evaluate motor ability (and ability to ambu-

venous  drainage,  being  careful  to  keep 

late once stable) and spinal reflexes. 

both the head and neck straight. 

6)  Seizures should alert the clinician to eleva-

–  Provide oxygen support. 

tions  in  ICP,  but  are  uncommon  in  feline 

–  Consider  administration  of  mannitol 

trauma patients with traumatic brain injury. 

(0.5–1 g/kg intravenously over 20–30 min-

7)  A modified Glasgow Coma Scale score can 

utes)  or  hypertonic  saline  (3–5 ml/kg) 

be calculated and will allow comparisons of 

intravenously to reduce cerebral edema. 

neurologic  status  (either  improvement  or 

–  Maintain  adequate  mean  arterial  blood 

deterioration) over time. 

pressure (>90 mmHg) to ensure cerebral 

ii)  Diagnostics

perfusion. 

1)  Monitor  heart  rate  and  blood  pressure: 

–  Jugular  venous  blood  sampling  should 

hypertension  with  associated  bradycardia 

be avoided. 

(Cushing’s  reflex)  indicates  intracranial 

–  If patient’s neurologic status is deterio-

hypertension. 

rating,  consider  intubation  and  posi-

2)  Blood glucose: hyperglycemia is often seen 

tive pressure ventilation. Patients may 

in patients with head trauma and may have 

be  temporarily  hyperventilated  to 

an association with worse brain injury. 

decrease ICP, as this will cause cerebral 

3)  Radiography,  computed  tomography,  and/

vasoconstriction. 

or  magnetic  resonance  imaging  (MRI)  to 

2)  Suspected 

spinal 

trauma 

(see 

assess  for  skull  and  spinal  fractures  (only 

Chapter  26— Neurologic  Emergencies: 

once the patient has been stabilized). 

Spinal  Cord):  avoid  moving  patient  and 

4)  Monitor  for  hypoventilation  with  serial 

consider advanced imaging and stabiliza-

arterial  CO2  measurements  or  end- tidal 

tion of spinal fractures. 

CO2 monitoring. CO2 should be maintained 

d)  Assessment of the renal system

within  the  normal  range  (30–40 mmHg). 

i)  Physical examination

Hypoventilation can lead to cerebral vaso-

1)  Evaluate for the presence of a urinary blad-

dilation and worsening intracranial hyper-

der  either  via  palpation  or  with  point- of- 

tension. Too low of a PaCO2 (<20 mmHg) 

care ultrasound. The absence of a urinary 

can  result  in  excessive  brain  blood- vessel 

bladder either via palpation or point- of- care 

vasoconstriction. 

ultrasound  should  alert  the  clinician  to 

5)  The  use  of  transpalpebral  ultrasound  to 

the possibility of a ruptured bladder. Serial 

evaluate  optic  nerve  sheath  diameter  as  a 

evaluations  for  the  presence  of  a  bladder 

marker  for  intracranial  hypertension  has 

should  be  performed  following  IV  fluid 

been investigated in both dogs and cats and 

resuscitation. 

may be useful as a noninvasive marker to 

–  Damage to the urinary system may not 

identify potential elevations in ICP and to 

be evident for several hours following the 

assess response to treatment. 

initial trauma. 
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–  In addition to a ruptured bladder, urine 

1)  Radiography should be utilized to diagnose 

may  leak  into  the  retroperitoneal  space 

fractures,  luxations,  and  penetrating 

from trauma to the kidneys or ureters. 

wounds.  If  a  fracture  is  suspected,  a  soft 

Therefore,  monitoring  for  adequate 

padded bandage should be applied to immo-

urine output in addition to serial moni-

bilize  the  fracture  fragments,  preventing 

toring of blood urea nitrogen, creatinine, 

further injury and alleviating pain. 

and potassium is important. 

2)  All  wounds  should  be  clipped  of  fur  and 

ii)  Diagnostics

cleaned. If wounds are extensive or deglov-

1)  Monitor urine output. Normal urine output 

ing  wounds  are  present,  surgical  debride-

is  1–2 ml/kg/h  in  an  adequately  hydrated 

ment and placement of wet- to- dry bandages 

and perfused patient. 

may  be  indicated.  Broad- spectrum  antibi-

2)  Monitor  renal  values  at  least  once  daily. 

otic therapy should be instituted. 

Elevations  in  blood  urea  nitrogen,  creati-

D) Specific types of trauma

nine, and potassium with a decreased urine 

a)  High- rise syndrome

output should alert the clinician to the pos-

i)  Overview

sibility of urinary- tract rupture. 

1)  High- rise syndrome is defined as traumatic 

3)  Serial POC ultrasound to evaluate for a blad-

injuries sustained by cats falling at least two 

der, abdominal, and retroperitoneal effusion. 

stories. 

4)  Abdominal  radiography:  evaluate  for  the 

2)  It occurs more commonly in younger cats and 

presence  of  a  urinary  bladder  or  loss  of 

may be more frequent in warmer weather. 

serosal detail in the abdominal or retroperi-

3)  Extent  of  injuries  depends  both  on  the 

toneal space, which may indicate effusion. 

length of fall and landing surface. 

5)  Renal  ultrasonography  by  a  radiologist: 

4)  After  falling  five  stories,  the  cat  reaches 

evaluate for the presence of a urinary blad-

terminal velocity (60 mph) and may relax, 

der. In addition, trauma to the kidneys and 

positioning  its  legs  horizontally  (splay- 

ureters and presence of abdominal or retro-

legged  or  spread- eagled).  In  this  position, 

peritoneal effusion can be assessed. 

the cat distributes forces evenly throughout 

6)  Retrograde urethrocystogram and/or intra-

its body during landing. 

venous pyelography to assess for leakage of 

ii)  Common injuries

urine along the urinary tract. 

1)  Shock:  either  from  internal  or  external 

7)  A uroabdomen may be diagnosed by com-

hemorrhage. 

paring  abdominal  effusion  creatinine  to 

2)  Thoracic  injuries:  pulmonary  contusions, 

serum  creatinine  and  abdominal  effusion 

pneumothorax,  trauma  to  the  chest  wall, 

potassium to serum potassium. 

etc. In one study, up to 90% of cats that fell 

–  An  abdominal  effusion  creatinine  to 

from the seventh story or higher had associ-

serum  creatinine  ratio  of  2.0:1  or 

ated thoracic injuries. 

abdominal effusion potassium to serum 

3)  Abdominal  trauma:  hemoperitoneum, 

potassium  of  1.9:1  is  diagnostic  of  a 

urinary- tract  rupture,  diaphragmatic  her-

uroabdomen. 

nia, pancreatic rupture, etc. 

iii)  Treatment of uroabdomen

4)  Facial  injuries:  epistaxis,  facial  trauma, 

1)  Until surgery, placement of a urinary cath-

hard palate fractures, soft palate tear and/or 

eter for bladder rupture can decrease leak-

bruising,  mandibular  fractures  and  sym-

age of urine into the abdominal cavity. 

physeal separation, tongue injury, and other 

2)  Urinary division using a pigtail catheter in 

dental injuries. 

the  abdominal  cavity  to  facilitate  removal 

5)  Skeletal injuries: limb, spinal fractures, and 

of  urine  from  the  peritoneal  space  until 

luxations. These injuries should be addressed 

surgery. 

once the patient is stabilized. 

3)  Exploratory laparotomy should be done to 

iii)  Prognosis

identify  and  repair  damage  to  the  uri-

1)  Dependent  on  the  severity  of  the  injury. 

nary system. 

Reported  survival  rates  are  between  90 

e)  Additional evaluation

and 96.5%. 

i)  Once the patient is stabilized, a thorough eval-

2)  In  one  study,  only  one- third  of  the  cats 

uation  for  orthopedic  and  soft- tissue  injuries 

required  emergency  treatment.  Surviving 

should be performed. 

cats fell a range of 2–32 stories. 
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b)  Dryer injury

2)  Coagulation  profile:  if  disseminated  intra-

i)  Overview

vascular coagulation (DIC) is suspected in 

1)  The natural curiosity of the cat in addition 

a  cat  with  an  evidence  of  hemorrhage, 

to  its  heat- seeking  behavior  may  lead  to 

treatment with fresh frozen plasma may be 

dryer injury. 

considered (dose = 10 ml/kg). 

2)  The severity of injury will depend both on 

3)  Radiography to assess for thoracic and skel-

the length of time the cat is in the dryer and 

etal injuries. 

the temperature setting of the dryer. 

4)  Serial blood pressure and ECG monitoring. 

3)  Compared  with  dogs,  cats  are  naturally 

5)  Abdominal ultrasonography. 

heat- resistant. 

v)  Prognosis

ii)  Common injuries

1)  Depends on severity of injuries sustained, 

1)  Heatstroke:  once  the  body  temperature 

in addition to thermal injury. 

rises above 106 °F, the cat is at risk for devel-

2)  Prognosis  is  guarded  in  cats  that  develop 

oping thermal injury to tissues. 

sepsis and multiple organ failure as a result 

–  Thermal injury can occur to all tissues of 

of thermal injury. 

the body, including the central nervous 

c)  Fan- belt injuries

system, liver, kidneys, and gastrointesti-

i)  Overview

nal and coagulation systems. 

1)  Fan- belt injuries most commonly occur in 

–  Sepsis can result from heatstroke second-

cold weather, as cats seek a warm place to 

ary  to  bacterial  translocation  from  the 

sleep. The cooling engine block of a car can 

gastrointestinal tract. 

be very enticing for both the warmth radiat-

2)  Head trauma. 

ing from the block and the shelter provided 

3)  Burns. 

by the hood and fenders. 

4)  Thoracic  injuries  such  as  rib  fractures, 

2)  Trauma to the cat occurs when the owner 

hemothorax, pneumothorax, and diaphrag-

of the car starts the engine, causing the fan 

matic hernia. 

blades to spin and placing the cat at risk for 

5)  Skeletal and spinal injuries. 

contact with either the belt or blades. 

iii)  Approach to the patient with dryer injury

ii)  Common injuries

1)  Evaluate the cardiovascular system. Shock 

1)  Head trauma. 

should  be  treated  as  recommended  previ-

2)  Abrasions  and  lacerations:  most  wounds 

ously  with  the  administration  of  either 

may be managed medically, but if a punc-

intravenous crystalloids and/or colloids. 

ture  into  a  body  cavity  is  suspected  or 

2)  Evaluate  the  respiratory  system  and 

uncontrolled hemorrhage is present, surgi-

institute therapy as mentioned in the ear-


cal intervention is warranted. 

lier text. 

3)  Burns: ear tips, face, and foot pads. 

3)  Evaluate  for  hyperthermia:  if  the  rectal 

4)  Degloving injuries. 

temperature  is  >105 °F,  the  cat  should  be 

5)  Limb/spinal fractures:

actively cooled. 

–  Closed fractures should be bandaged to 

–  Cooling  methods  that  could  be  consid-

immobilize fracture movement once the 

ered include saturating the hair coat with 

patient is stabilized. 

water, using fans, and/or placing the cat 

–  Open  fractures  should  be  thoroughly 

on  a  cool  surface  such  as  an  examina-

lavaged  followed  by  bandaging.  In 

tion table. 

addition, antibiotic therapy should be 

4)  Evaluate for evidence of head trauma. 

initiated. 

5)  Evaluate for burns and orthopedic injury. 

d)  Predator injury and bite wounds

Burns  should  be  cleaned.  Silver  sulfadia-

i)  Overview

zine (Silvadene) can be applied, and broad- 

1)  There  are  a  number  of  animals  that  may 

spectrum  antibiotic  therapy  should  be 

prey on domestic and feral felines; however, 

initiated. 

the  majority  of  wounds  will  be  sustained 

6)  Evaluate for corneal ulceration. 

following interactions with dogs. Cats may 

iv)  Diagnostics

also  develop  bite- wound  abscesses  follow-

1)  Complete  blood  count,  chemistry  screen, 

ing fights with other cats. Generally, these 

and urinalysis to evaluate for thermal injury 

are  rarely  life- threatening  and  are  easily 

to organs. 

treatable. 

32  Trauma

2)  Bite wounds from dogs or other predators 

3)  Radiography should be considered if wounds 

range in severity from simple lacerations to 

are  suspected  to  penetrate  the  thoracic  or 

life- threatening injuries to the head, chest, 

abdominal cavity. 

and abdominal cavities. 

–  Radiographic  evidence  of  penetrating 

3)  Cats with more severe injuries had a higher 

wounds includes the presence of free gas 

plasma  lactate  concentration,  lower  pH, 

or effusion. 

and lower ionized calcium (iCa) compared 

–  Wounds  that  are  found  to  penetrate  a 

with  cats  with  less  severe  injuries  in  one 

body cavity warrant an exploratory lapa-

study of bite wounds in cats. 

rotomy  or  thoracotomy  to  evaluate  for 

4)  These  injuries  may  lead  to  internal  organ 

injury  to  internal  organs  and  to  lavage 

damage, a systemic inflammatory response, 

the body cavity. 

and sepsis. 

–  In  addition,  body  wall  defects  or 

ii)  Approach to the feline with bite wounds

herniation  warrant  surgical  evaluation 

1)  Puncture  wounds  should  be  surgically 

and repair. 

explored, as extensive injury can occur to the 

4)  Additional  radiography  should  be  consid-

underlying  tissues  despite  the  relatively 

ered  if  skeletal  or  spinal  injuries  are 

benign appearance of the overlying skin area. 

suspected. 

2)  Point- of- care  ultrasound  evaluating  the 

5)  Wounds  that  are  found  to  have  extensive 

thorax and abdominen and retroperitoneal 

dead space should have drains placed. 

space  should  be  done  to  evaluate  for  free 

6)  Broad- spectrum antibiotic therapy and pain 

thoracic  and  peritoneal  effusion  which 

management (see Chapter 7— Analgesia in 

could indicate hemorrhage, penetration of 

the Critically Ill Cat) should be started. 

a  body  cavity,  or  rupture  of  an  internal 

7)  Complete  blood  count,  chemistry  screen, 

organ (i.e., bladder rupture, perforation of 

coagulation  testing,  and  urinalysis  should 

the gastrointestinal tract, etc.). 

be monitored to assess for organ injury or 

–  If free fluid is identified, a fluid sample 

failure. 

should be obtained either via abdomino-

8)  Noninvasive  blood  pressure  monitoring 

centesis  or  needle  thoracocentesis  to 

and pulse oximetry monitoring if indicated. 

identify underlying cause. 

iii)  Prognosis is dependent on severity of injuries 

–  Cytological evaluation of the fluid should 

and whether there is progression to a systemic 

be done to evaluate for sepsis as indicated 

inflammatory response, multiple organ failure, 

by  intracellular  bacteria  which  warrants 

and sepsis. Progression of the latter warrants a 

immediate surgical intervention. 

more guarded progression. 

 Recommended  Reading

Aldrich, J. (2005). Global assessment of the emergency 

Syring, R.S. (2005). Assessment and treatment of central 

patient.  Vet. Clin. Small Anim.  35 (2): 281–305. 

nervous system abnormalities in the emergency patient. 

Driessen, B. and Brainard, B. (2006). Fluid therapy for the 

 Vet. Clin. Small Anim.  35 (2): 343–358. 

traumatized patient.  J. Vet. Emerg. Crit. Care 16 (4): 276–299. 

Vnuk, D., Pirkic, B., Maticic, D. et al. (2004). Feline high- rise 

Lyons, B.M., Ateca, L.B., and Otto, C.M. (2019). 

syndrome: 119 cases (1998–2001).  J. Feline Med. Surg.  6: 

Clinicopathologic abnormalities associated with increased 

305–312. 

animal triage score in cats with bite wound injuries: 43 

Whitney, W.O. and Mehlhaff, C.J. (1987). High- rise syndrome 

cases (1998–2009).  J. Vet. Emerg. Crit. Care 29: 296–300. 

in cats.  J. Am. Vet. Med. Assoc.  191 (11): 1399–1403. 

Muir, W. (2006). Trauma: Physiology, pathophysiology and 

clinical implications.  J. Vet. Emerg. Crit. Care 16 (4): 253–263. 

33

5

Anesthesia for Critically Ill Feline Patient

 Hope F. Douglas and Giacomo Gianotti

UNIQUE FEATURES



● The anesthetic management for the critical feline patient requires rapid case recognition, an organized team approach for intervention, and systematic planning for perianesthetic complications. 



● The critical feline can decompensate quickly. Thus, procedures should be performed efficiently to expedite treatment and minimize patient stress. 



● Patients should be stabilized as much as possible prior to induction of anesthesia. 



● Fluid and blood product therapy should be targeted based on the patient’s status and disease, and interventions should be frequently re- evaluated to minimize the risks of volume overload. 



● Successful anesthesia will include strategies for balanced, multimodal protocols to minimize doses of anesthetic agents. 



● The recovery period is a particularly critical time, and vigilant monitoring and intervention during this period are essential. 

A)  Introduction

almost  four  times  as  likely  to  experience 

a)  Definition of the critically ill feline patient. 

serious perianesthetic complications. 

i)  American Society of Anesthesiologists (ASA) 

iv)  In  a  meta- analysis  of  veterinary  studies 

categories

investigating  ASA  patient  status  and  patient 

1)  The classification of a patient’s physical sta-

outcome, cats with a score of III or higher had 

tus can be useful for case management and 

4.83  times  the  risk  of  death  within  72 hours 

protocol selection. 

after  anesthesia  relative  to  those  with  scores 

2)  A modified version of physical risk factors 

less than III (Portier and Ida 2018). 

from the ASA can be applied for veterinary 

v)  It  is  the  responsibility  of  the  anesthesia  pro-

patients (Table 5.1). 

vider to perform an assessment of patient sta-

3)  Critical patients are generally classified in 

tus  and  risk,  predict  and  anticipate  potential 

Categories III, IV, and V. 

anesthetic  complications,  and  implement 

ii)  Anesthesia  may  be  required  in  the  critical 

strategies to prevent or address these compli-

patient for diagnostic procedures, for invasive 

cations prior to induction of general anesthesia. 

therapeutic  interventions,  for  surgical  treat-

b)  Team approach

ment,  or  for  providing  amnesia/analgesia/

i)  The  successful  management  of  the  unstable, 

immobility  for  intensive  medical  treatments 

severely  compromised  patient  relies  on  the 

(e.g., mechanical ventilation). 

effective collaboration between multiple mem-

iii)  ASA status has been associated with increased 

bers of the veterinary care team. 

risk of morbidity and mortality. In a retrospec-

ii)  Multiple  veterinarians  and  veterinary  nurses 

tive  analysis  by  Hosgood  and  Scholl  (2002), 

must  communicate  and  cooperate  effectively 

cats with an ASA score of III or higher were 

to maximize patient care and outcome. 
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and  endocrine  systems  are  particularly 

relevant for anesthesia. 

Category Physical status

Example

2)  Knowledge of concurrent medications and 

the possible effects of these medications on 

I

Normal, healthy patient

Elective procedure

physiologic  parameters  during  anesthesia 

(e.g., castration)

is necessary. 

II

Patient with mild systemic  Fracture without shock

iii)  Because  many  critical  patients  are  presented 

disease

emergently, they are often not fasted. In addi-

III

Patient with severe systemic  Bowel obstruction 

tion, gastrointestinal motility could be affected 

disease

without perforation

by the disease process itself. 

IV

Patient with severe systemic  Bowel obstruction with 

1)  The time since the last full meal should be 

disease that is a constant 

perforation

threat to life

determined if possible. Ideal perioperative 

fasting  times  are  not  known  for  cats. 

V

Moribund patient not 

Polytrauma leading to 

expected to survive one day  sepsis and multiorgan 

However, the practice of withholding food 

with or without surgery

dysfunction syndrome

for 3–12 hours prior to general anesthesia is 

E

Emergency procedure 

typically  performed  based  on  clinician’s 

applied to classification

preferences and clinic conventions. 

2)  If the time is not known, patients should be 

 Source: Modified from Brodbelt DC, Flaherty D, and Pettifer GR. 

Anesthetic risk and informed consent. In: Veterinary Anesthesia 

treated and managed as though they could 

and Analgesia: The Fifth Edition of Lumb and Jones. Grimm KA, 

have a full stomach (high risk for regurgita-

Lamont LA, Tranquilli WJ, Greene SA, and Robertson SA, eds. Ames: 

tion and aspiration of ingesta). 

Wiley Blackwell, 2015: 12. 

b)  Physical exam

i)  Vital signs

c)  Checklist

1)  The  assessment  should  begin  with  the 

i)  In an effort to maximize patient care and mini-

patient’s  temperature,  heart  rate,  pulse 

mize  error,  checklists  have  been  developed 

quality, arterial blood pressure, pain status, 

that  can  be  used  effectively  in  emergent  or 

and respiratory rate and effort. 

critical case scenarios. 

–  Pronounced  tachycardia  or  bradycardia 

ii)  Kirby’s Rule of 20 (Table 5.2) is one example of a 

should  prompt  further  cardiac  evalua-

checklist  that  can  be  used  for  perianesthetic 

tion (see in the following text). 

assessment  of  the  critical  patient.  Additional 

–  Any arrhythmia or heart murmur should 

checklists are available through the Association 

prompt further cardiac examination (see 

of Veterinary Anaesthetists (https://ava.eu.com/

in the following text). 

resources/checklists). 

2)  Particular  attention  should  be  paid  to  the 

B)  Pre- anesthetic evaluation

color  and  characteristics  of  the  mucous 

a)  History— a  complete,  thorough  patient  history 

membranes and capillary refill time to pro-

should be obtained by the anesthesia provider. 

vide  information  about  peripheral  perfu-

i)  Signalment  (age,  sex,  and  breed):  Attention 

sion and hydration status. 

should  be  paid  to  age-  and  breed- related 

ii)  Body weight and body condition score

conditions. 

1)  A current, accurate body weight is essential 

1)  Age: Critical neonatal and geriatric patients 

for  accurate  drug  dosing  and  fluid 

pose particular anesthetic concerns. 

administration. 

2)  Breed:  Awareness  of  genetic  conditions 

2)  The  body  condition  score  should  also  be 

associated with particular cat breeds is also 

evaluated prior to anesthesia. 

important. For example, a genetic mutation 

–  For severely obese patients, an estimated 

in  the  cardiac  myosin- binding  protein  C 

lean body weight will be more appropri-

gene predisposes Maine Coon cats to hyper-

ate for dose calculations. A relative over-

trophic cardiomyopathy (HCM). 

dose  may  occur  if  the  dosage  is  not 

ii)  History  should  include  all  prior  and  current 

modified  for  an  animal’s  ideal  weight. 

medical conditions. 

Ventilation can also be further compro-

1)  Diseases of the cardiovascular, respiratory, 

mised  due  to  reduction  in  functional 

renal,  nervous,  hepatic,  gastrointestinal, 

residual capacity. 

Table 5.2  The Rule of 20. 

Parameter

Patient

Target

Intervention

Parameter

Patient

Target

Intervention

Fluid requirements

Heart rate, rhythm, contractility

Blood pressure

Neurologic status

Oncotic support

Urinary tract status

Glucose

Immune system/antimicrobial needs

Electrolytes

Gastrointestinal status

Acid–base

Nutritional requirements

Oxygenation and ventilation

Drugs, doses, metabolism

Coagulation

Analgesic management

Red blood cells

Wounds, bandages

Temperature

Nursing needs

 Source: Modified from Kirby R. An introduction to SIRS and the Rule of 20. In: Monitoring and intervention for the critically ill small animal: The rule of 20. Kirby R and Linklater A, eds. Ames: Wiley Blackwell, 2017; 389–400. 
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–  In  cachexic  animals,  intravenous  drugs 

● 

An  echocardiogram  or  thoracic 

will  persist  in  well- perfused  tissues  for 

focused  assessment  with  sonography 

a  longer  period  of  time,  resulting  in 

for  trauma  (FAST)  scan  will  provide 

more  profound  or  prolonged  effects. 

important  structural  and  functional 

Hypothermia  in  these  patients  can  be 

information  regarding  cardiac  per-

significant,  and  extra  efforts  may  be 

formance. The data provided by the 

required to provide heat support. 

echocardiogram  can  influence  the 

–  There are several methods that can be 

drug  protocol  selected  by  the  anes-

employed to determine a patient’s ideal 

thesia provider. 

body weight. The patient’s prior medi-

2)  Respiratory

cal record can reveal historical weights. 

–  Thoracic  auscultation  should  be  per-

In addition, calculations are available 

formed on every animal prior to anes-

to  determine  ideal  weight  (Brooks 

thetic induction. 

et al. 2014). Using the commonly used 

–  Particular attention should be paid to the 

9- point body condition scoring system, 

respiratory effort and to the presence of 

each  score  greater  than  or  equal  to  5 

adventitial  lung  sounds  (e.g.,  crackles, 

corresponds  to  being  approximately 

wheezes, etc.). 

10% overweight. 

–  Severe respiratory distress may warrant 

iii)  Body systems

intervention  prior  to  anesthetic  induc-

1)  Cardiovascular

tion  or  immediately  upon  induction  of 

–  The  heart  rate  and  rhythm  should  be 

general anesthesia. 

auscultated.  If  possible,  electrocardio-

3)  Neurologic

gram  (ECG)  analysis  should  be  per-

–  The anesthesia provider should perform 

formed  on  every  animal  prior  and 

a  baseline  assessment  of  neurologic 

during induction of general anesthesia. 

function and mentation. 

–  The  presence  and  characteristics  of  a 

–  This evaluation will enable comparison 

heart murmur should be assessed. 

of neurologic status pre and post anes-

–  The  pulse  rate  and  quality  should  be 

thesia and may alter anesthetic protocol 

determined. 

selections. 

● 

The  pulse  rate  should  be  compared 

–  If  profound  perfusion  deficits  are  pre-

to  the  heart  rate  to  identify  pulse 

sent concurrently, the neurologic status 

deficits. 

should  be  re- assessed  following  fluid 

● 

The  pulse  quality  will  alert  the 

resuscitation. 

anesthesia  provider  to  hemody-

4)  Musculoskeletal

namic status. 

–  The anesthesia provider should be cog-



●

Ideally,  an  arterial  blood  pressure 

nizant  of  acute  (e.g.,  fractures  in  pol-

measurement  should  be  obtained 

ytrauma  patient)  or  chronic  (e.g., 

prior to induction of general anesthe-

osteoarthritis) orthopedic conditions. 

sia.  If  severe  hypotension  is  present, 

–  These conditions will influence analge-

appropriate treatment should be insti-

sic management. However, the provider 

tuted prior to induction. 

should also be attentive to the effects of 

–  Any  abnormalities  auscultated  or 

these  conditions  on  patient  positioning 

identified  during  cardiac  auscultation 

and padding. 

should  prompt  further  evaluation  to 

5)  Gastrointestinal

determine  the  significance  of  these 

–  As  many  critical  patients  will  undergo 

findings. 

anesthesia without prior intentional feed 

● 

For  example,  muffled  heart  sounds 

restriction, a patient should be treated as 

can  be  auscultated  in  patients  with 

though it has a full stomach. Therefore, 

pericardial effusion. 

it is often useful to have suction devices 

● 

Chest radiographs will provide infor-

available  should  the  animal  regurgitate 

mation on heart size and evidence of 

during anesthetic induction. These ani-

pulmonary edema or effusion within 

mals  are  at  greater  risk  for  aspiration 

the thoracic cavity. 

pneumonia. 
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–  Cats  with  severe  abdominal  distention 

2)  Leukopenic  cats  may  be  immun-

will  have  compromised  ventilation  and 

ocompromised,  and  additional  protective 

reduced  venous  return.  The  anesthesia 

equipment (filters on anesthesia machines, 

provider should be aware of the possible 

new  equipment,  gloves,  etc.)  should  be 

hypoventilation  and  impaired  cardiac 

used to minimize risk to the patient. 

output that can result as a consequence 

3)  Anemic animals will have reduced oxygen- 

of abdominal distention. 

carrying  ability.  General  anesthesia  itself 

c)  Hematology and serum biochemical analysis

can cause a reduction of the PCV by 3–5%. 

i)  Minimum database

Blood loss should be monitored through-

1)  The  minimum  database  includes  packed 

out  the  procedure.  Anemic  cats  may 

cell volume (PCV), total solids, blood glu-

require or benefit from a blood transfusion 

cose, and AZO (Azostix®, blood urea nitro-

prior  to  induction  of  general  anesthesia 

gen (BUN)) measurements. 

(Table 5.3). 

2)  These values provide essential information 

–  The type of anemia should be character-

regarding the patient’s systemic status, and 

ized to aid in the decision for or against 

the most current values should be obtained 

transfusion. 

immediately prior to general anesthesia. 

–  Generally, a PCV of greater than 20–25% 

ii)  Complete blood count

is typically recommended prior to induc-

1)  Of  particular  interest  for  the  anesthesia 

tion of anesthesia. 

provider include the white blood cell count, 

–  However, cats tend to be relatively toler-

red blood cell count, and platelet count. 

ant  of  chronic  anemia  compared  with 

Table 5.3  Transfusion therapy and oncotic support. 

Rate

Note: Rates given as examples, but will depend on 

cardiovascular and fluid status and overall patient 

Product

Amount

condition

Blood

Transfusion amount (ml) =



● Initial rate slow: 0.25–0.5 ml/kg over 30 minutes

(PCVdesired – PCVcurrent)/PCVdonor × blood 



● If no reaction, increase rate:

volume (ml/kg) × body weight (kg)



● 1–5 ml/kg/h





● In animals with heart disease, rates over 4 ml/kg/h 

For anemia:

should be used cautiously

Volume (ml) of whole blood = 2 × PCV rise 



● Transfusion should be completed within 4 hours 

desired (%) × body weight (kg)

to minimize product degradation or 



contamination

If packed red blood cells (pRBCs) used, ½ 

volume should be administered

Doses:

Fresh whole blood: 12–20 ml/kg

pRBCs: 6–10 ml/kg

Synthetic starch colloid 

3–5 ml/kg

Administered over 10–20 minutes

(hetastarch, VetStarch)

Fresh frozen plasma

6–12 ml/kg

0.25–0.5 ml/kg for 15–30 minutes, then

2–6 ml/kg/h

Human serum albumin

1.5 g/kg





Albumin deficit =



10 × (albumindesired – albumincurrent) × kg × 0.3







For 5% solution 

Total volume of 20 ml/kg/d until albumin 

2 ml/kg/h for 10 hours until albumin reaches 2 mg/dl

(Vigano et al. 2010)

reaches 2 mg/dl
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2)  Blood type and crossmatch

acceptable  to  anesthetize  a  chronically 

–  Due to the risk of hemorrhage associated 

anemic cat with a PCV of 18%. 

with surgical procedures in critical cases, 

4)  Thrombocytopenic animals may be predis-

knowledge of the blood type is crucial if 

posed  to  bleeding.  Coagulation  testing  is 

a transfusion may be warranted. 

recommended in cases of thrombocytope-

–  There  are  three  major  feline  blood 

nia,  and  patients  may  benefit  from  blood 

groups: A, B, and AB. 

product administration. 

● 

The distribution among blood types 

iii)  Serum biochemistry analysis

varies  depending  on  geographic 

1)  Of  relevance  for  the  anesthesia  provider, 

location and breed. 

the biochemistry profile will provide infor-

● 

Group A is the most common blood 

mation regarding electrolytes. 

type overall. 

2)  It  will  help  also  identify  hepatic  or  renal 

● 

Group B can be seen in some breeds. 

disorders. 

● 

Geographic variation is seen domes-

iv)  Blood gas analysis

tically  and  internationally  particu-

1)  Blood gas analysis is performed frequently 

larly in non- purebred cats. 

in emergency and intensive care unit (ICU) 

■ 

In the United States, the lowest fre-

settings to obtain rapid, point- of- care acid–

quency of Group B cats is observed 

base and electrolyte information. 

in  the  Northeast,  North ern  Mid-

2)  In  combination  with  minimum  database 

west, and Rocky Mountain regions. 

information, these results can be used until 

A  higher  frequency  of  Group  B 

a more complete hematologic analysis can 

cats  is  present  in  the  Pacific 

be performed. 

Northwest and West Coast. 

v)  Lactate



■

A higher frequency of Group B in 

1)  The  blood  lactate  level  can  be  included 

non- purebred  cats  is  observed  in 

with the minimum database or it may be a 

England  and  Australia  relative  to 

part of the blood gas analysis, depending on 

the United States. 

the type of machine. 

–  The  blood  type  and  crossmatch  should 

2)  Blood lactate can be used as an indicator of 

be performed prior to induction of anes-

tissue perfusion. An elevated blood lactate 

thesia  to  expediate  blood  delivery  if 

value suggests increased anaerobic metabo-

required urgently. In cats, acute hemo-

lism  and  reduced  tissue  oxygenation. 

lytic reactions can occur with the first 

Improved tissue perfusion is ideal prior to 

transfusion  due  to  the  expression  of 

anesthetic induction. 

naturally occurring alloantibodies. The 

3)  In a prospective study of cats admitted on 

most  severe  transfusion  reactions  are 

an  emergent  basis  performed  by  Reineke 

seen  in  type  B  cats  that  receive  type 

et al. (2015), researchers found that in con-

A blood. 

junction with physical examination results 

d)  Diagnostic imaging

and systolic arterial pressure measurement, 

i)  A- FAST and T- FAST

lactate  may  be  useful  for  identification  of 

1)  Focused assessment with sonography for 

abnormalities of tissue oxygen delivery in 

trauma  of  the  abdomen  (A- FAST)  and 

cats. In this study, lactate values were not 

thorax (T- FAST) are becoming part of the 

associated with outcome. 

initial  and  sequential  assessment  of  the 

vi)  Coagulation assays

critical patient. Ultrasonographic evalua-

1)  As  coagulation  abnormalities  can  occur 

tion  of  the  thoracic  and/or  abdominal 

concurrently  with  many  critical  illnesses, 

cavities can provide essential information 

coagulation testing including prothrombin 

regarding the extent of pathology prior to 

time (PT), activated partial thromboplastin 

anesthesia. 

time  (APTT),  activated  coagulation  time 

2)  FAST can provide emergency, point- of- care 

(ACT), and d- dimer values can be useful to 

information regarding the abdominal, pleu-

determine prior to surgery. 

ral, pulmonary, and pericardial tissues. 
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3)  According  to  a  study  by  Walters  et  al. 

iv)  A second intravenous catheter is useful during 

(2018)  evaluating  the  agreement  between 

general anesthesia for constant rate infusions 

A- FAST/T- FAST  and  computed  tomogra-

(CRIs)  of  anesthetic  drugs  or  blood  product 

phy  (CT)  for  dogs  and  cats  with  trauma, 

administration.  This  second  catheter  may  be 

FAST exams reliably identify the presence 

placed  after  induction  to  minimize 

of free fluid within the peritoneal or pleu-

patient stress. 

ral cavities. 

v)  Intentional  organization  of  fluid  and  drug 

4)  Left- atrial- to- aortic- root  ratio  (LA:Ao)  can 

delivery through the intravenous catheters is 

be useful in the initial assessment and eval-

important  to  minimize  inadvertent  bolus 

uation of cardiac disease. The left atrial size 

administration  of  medications  and  drug- 

is  assessed  by  measuring  the  left  atrial 

incompatibility  reactions.  An  example  of  a 

diameter  in  comparison  with  the  aortic 

catheter  and  infusion  arrangement  is  as 

diameter. This ratio in normal cats should 

follows:

be less than 1.5. 

1)  One catheter can be used for IV fluids and 

ii)  Radiographs

emergency drug administration. 

1)  Chest radiographs are of particular impor-

2)  One catheter can be used for CRIs of anes-

tance  for  the  anesthesia  provider.  Images 

thetic drugs and inotropes/vasopressors. 

should be evaluated for the presence of an 

vi)  Depending  on  the  case,  a  central  venous 

airway  abnormality,  a  lung  parenchymal 

catheter  may  also  be  placed  under  general 

disease, a pleural space disorder, or a car-

anesthesia.  These  catheters  are  particularly 

diac disorder that could affect the patient’s 

useful  for  critical  cases  requiring  intensive 

anesthetic performance. 

treatments in the perianesthetic and postan-

2)  Ancillary radiographic findings should also 

esthetic periods. 

be assessed for relevance for the anesthetist. 

vii)  Blood products should be administered using 

iii)  Computed tomography

a dedicated transfusion blood set and ideally 

1)  CT  evaluation  of  the  thorax  and/or  abdo-

via  a  dedicated  catheter  to  minimize  risk  of 

men  can  be  useful  to  provide  additional 

reaction or contamination. 

information  regarding  the  extent  of  the 

viii)  Access to most feline patients will be limited 

patient’s pathology. 

once the animal has been draped for a surgical 

2)  In  order  to  perform  the  CT  examination, 

procedure.  Thus,  extension  sets  should  be 

general  anesthesia  or  sedation  is  typically 

placed  on  all  lines  for  patient  access  and 

required  unless  the  animal  is  profoundly 

administration of medications. 

debilitated or moribund. For severely com-

b)  Fluid therapy

promised  cats,  clear  plexiglass  containers 

i)  Attempts  to  correct  fluid  and  electrolyte 

(VetMouseTrap™) can be utilized in lieu of 

derangements  should  commence  prior  to 

general  anesthesia  to  facilitate  the  CT 

induction of anesthesia. 

examination. 

ii)  Intravascular  volume  deficits  should  be  cor-

C)  Patient preparation: The critical feline can decompen-

rected using the appropriate fluid based on the 

sate  quickly.  Thus,  procedures  should  be  performed 

requirement. 

efficiently  to  expedite  treatment  and  minimize 

iii)  Frequent patient re- assessment and response 

patient stress. 

to  fluid  administration  are  essential  to  mini-

a)  Intravenous catheterization

mize the risk of fluid overload. Development 

i)  Intravenous catheter placement is imperative 

of a gallop rhythm or heart murmur may indi-

for the critical patient. Often critical patients 

cate potential fluid overload. 

benefit from placement of multiple catheters. 

iv)  Fluid  therapy  should  continue  during  the 

ii)  Common peripheral intravenous catheter sites 

anesthetic  period.  Choice  of  fluid  will  be 

for the feline patient include:

dependent on the patient’s hematologic abnor-

1)  Cephalic vein. 

malities and disease processes. 

2)  Medial saphenous vein. 

v)  Typical  intravenous  isotonic  crystalloid  fluid 

iii)  At  least  one  intravenous  catheter  should  be 

rates under general anesthesia will be 3–5 mL/

placed prior to induction of anesthesia. 

kg/h.  However,  these  rates  will  be  adjusted 
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(MAC)- sparing  effect  during  feline 

will also be decreased in an animal with car-

ovariohysterectomy.  Expanding  evidence 

diac disease. 

suggests the efficacy of maropitant particu-

vi)  For patients with low colloid osmotic pressure 

larly for visceral analgesia due to the distri-

from hypoproteinemia (total protein < 3.5 g/dl) 

bution of NK- 1 receptors. 

and/or  hypoalbuminemia  (albumin  <  2 g/dl), 

D)  Anesthesia preparation: To minimize anesthetic time, 

colloid  administration  can  be  considered. 

the  anesthesia  provider  should  be  appropriately  pre-

Colloids  include  synthetic  starch  colloids 

pared for the case prior to induction and have already 

(hetastarch,  VetStarch™),  allogenic  blood 

prepared solutions for potential problems or complica-

products  (fresh  frozen  plasma),  and  human 

tions that could be encountered. 

serum albumin (Table 5.3). 

a)  Team approach

vii)  Severely anemic cats (PCV < 20%) may benefit 

i)  An anesthetic checklist (Table 5.4) should be 

from administration of packed red blood cells 

used  during  the  set- up  process  to  minimize 

or  whole  blood  (Table  5.3).  The  decision  to 

inadvertent oversight of essential equipment. 

transfuse should take into account the follow-

ii)  All emergency drug doses should be calculated 

ing factors:

and  potentially  drawn  into  syringes  prior  to 

1)  Hemodynamic stability of the patient. 

induction of general anesthesia. 

2)  Acute or chronic blood loss. 

iii)  Multiple individuals should assist in the case 

3)  Ongoing blood/fluid losses. 

setup to maximize efficiency. 

4)  Duration of anesthesia. 

b)  Equipment

5)  Fluid requirements of the patient. 

i)  Anesthesia machine

c)  Stabilization procedures: In the time prior to induc-

1)  The  anesthesia  machine  should  be  set  up 

tion of anesthesia, it is important to address and to 

with  the  appropriately  sized  rebreathing 

begin  to  treat  the  underlying  disease  processes  as 

bag and breathing hoses. 

much  as  possible. The  following  could  be  consid-

2)  The machine should be leak- checked prior 

ered prior to induction (depending on patient status 

to use, and the vaporizer should be prefilled. 

and compliance):

3)  Ventilator setting should be preset for the 

i)  Antimicrobial  drug  administration:  Early 

particular case. 

administration  of  antimicrobials  in  cases  of 

ii)  Monitoring

sepsis is important. 

1)  A  multiparameter  anesthesia  monitor  is 

ii)  Thoracentesis:  In  cases  of  pneumothorax  or 

particularly  important  for  critical  cases. 

pleural effusion, thoracentesis prior to induc-

Multiparameter  monitoring  will  com-

tion of anesthesia can be beneficial. 

mence prior to induction and will continue 

iii)  Begin treatment of elevated intracranial pres-

into the recovery period. 

sure prior to induction of general anesthesia. 

2)  Monitoring  will  be  performed  by  one  or 

iv)  Administration of antiemetics: As many cases 

more  designated  individuals  throughout 

have nausea due to their primary disease and 

the case. 

may not have been fasted prior to induction, 

iii)  Fluid and syringe pumps

antiemetic  administration  (e.g.,  maropitant 

1)  To provide accurate fluid and drug admin-

[1 mg/kg SC or IV]) should be considered due 

istration, the use of fluid and syringe pumps 

to the additional contribution to emesis associ-

is recommended. 

ated with anesthesia. 

2)  The syringe pumps should allow easy dose 

1)  Maropitant  can  be  administered  subcuta-

adjustments  for  constant  rate  infusion 

neously,  intravenously,  or  by  mouth. 

administration. 

Typically,  the  authors  administer  maropi-

iv)  Induction

tant  subcutaneously  when  patients  are 

1)  Cats  are  prone  to  laryngospasm.  In  addi-

already under general anesthesia due to the 

tion, critical cases may have altered laryn-

risk of hypotension associated with intrave-

geal and/or respiratory function. 

nous administration. 

–  Following induction, 0.2 ml 2% lidocaine 

2)  Maropitant  may  also  be  used  to  provide 

should be applied topically to the larynx 

analgesia.  Niyom  et  al.  (2013)  demon-

using  a  1- ml  syringe.  An  atomizer  can 

strated a Minimum Alveolar Concentration 

also be used to apply the lidocaine. 
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Table 5.4  Case setup. 

Anesthesia machine

1)  The correct- size rebreathing bag (1 l/10 kg)

2)  The correct hoses for the breathing circuit

3)  For the circle system, small hoses should be used for patients that are <10 kg, large for >10 kg. 

A non- rebreathing circuit should be used on patients <3 kg. 

4)  An oxygen tank with at least 200 psi

5)  Isoflurane (vaporizer at least half full)

6)  Check that the soda lime has not been spent

7)  Check machine for leaks: close pop- off valve and fill system with oxygen until pressure in circle reaches 30 cm water; be sure pressure holds. Always let the pressure out by opening the pop- off valve, NOT removing your hand from the hose (soda lime dust may get into circle). This also serves to check that your pop- off valve and expiratory valve are functioning 8)  Check that the O2 flow meters work at low and high flows

9)  Check that both the inspiratory and expiratory valves are clean and functional 10)  Check that the machine is properly hooked up to a scavenging system (wall circuit or F/air canister) and that any unhooked scavenger ports are closed off

11)  Check to make sure the F/Air canister is not past its weight limit Monitoring 

1)  ECG

equipment: have 

2)  Blood pressure monitor (Doppler or Non Invasive Blood Pressure [NIBP] monitor) equipment set- up, wires 

detangled, and check 

3)  Pulse oximeter

function when setting up

4)  Capnography/gas monitor

Equipment and 

1)  Anesthesia record

supplies: all within 

2)  IV catheters

reach

3)  T- set (primed with heparinized saline)

4)  Scrub and cotton balls in alcohol to clean the skin before placing catheter 5)  Medical tape: to secure the IV line, Doppler, and ECG patches

6)  ECG patches

7)  Thermometer

8)  Laryngoscope handle and blade: check for light function

9)  Endotracheal tubes: pick the size you think will fit and at least one tube larger and smaller 10)  Endotracheal tube adapter

11)  Packets of sterile lubricant for the endotracheal tube cuff

12)  Three or four gauze 4 × 4 sponges (for IV placement, for holding the tongue during intubation, etc.) 13)  Air syringe (to inflate the endotracheal tube cuff)

14)  Muzzle gauze— a strip long enough to tie the endotracheal tube and secure it around the back of the head

15)  Lidocaine spray to use on vocal cords

16)  Ophthalmic lubricant

17)  Thermometer

18)  Mask for pre-oxygenation

19)  IV fluids— a balanced electrolyte solution is typically used unless other fluids are specifically indicated. Make sure fluids are WARM. Animals less than 10 kg should have a 250 ml bag (unless on a fluid pump), for more accurate assessment of the amount left in the bag 20)  An appropriate fluid administration set should be attached. The line should always be primed when setting up an administration set. A microdrip set may be used on animals 10 kgs and under. A burette set or syringe pump may be used on small patients (less than 3 kg). Fluid pumps should be used when accuracy is critical and when there are multiple infusions for one catheter 21)  Ambu bag

22)  Bair Hugger™ blanket

23)  Clippers

24)  Watch

25)  Pen

26)  Calculator

27)  Telephone
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–  Airway devices, such as a Cook® Airway 

iv)  Thoracic auscultation and observation of chest 

Exchange Catheter, can be used to facili-

excursions with respiration. 

tate intubation. 

d)  The  following  physiologic  parameters  should  be 

2)  If a difficult intubation is predicted, addi-

monitored  continuously  or  at  regular  intervals 

tional  intubation  equipment  (Pointer  X- a 

throughout each case:

“Upper airway obstruction” in the follow-

i)  Electrocardiogram and heart rate. 

ing text) should be prepared. The personnel 

ii)  Pulse oximetry:

and  supplies  to  perform  a  tracheostomy 

1)  Ideally,  the  SpO2  will  be  displayed  with  a 

should be available at induction. 

plethysmographic  waveform  to  provide 

v)  Maintenance

more information regarding pulse variation 

1)  Heat  support:  Cats  under  anesthesia  can 

and rhythm. 

quickly become hypothermic, due to their 

2)  Brodbelt et al. (2007) demonstrated a reduc-

large surface- area- to- body- mass ratio. Heat 

tion in the odds of anesthetic- related death 

is  lost  predominantly  through  radiation, 

associated  with  pulse  oximetry  and  pulse 

evaporation,  and  conduction.  Efforts  to 

monitoring. 

maintain body temperature should be ini-

iii)  Respiratory rate. 

tialized in the preanesthetic period by using 

iv)  Tidal volume. 

warm  room  temperatures  in  the  prepara-

v)  End- tidal carbon dioxide. 

tion  areas.  Active  warming  devices  (e.g., 

vi)  Capnography waveform analysis. 

Bair Hugger™ system) should be utilized. 

vii)  Blood pressure:

2)  Positioning: At ention should be paid to the 

1)  The indirect blood pressure can be meas-

effects of various positions on preexisting and 

ured using a variety of techniques (oscil-

current disease states. Efforts to minimize 

lometric, Doppler, etc.). 

the  time  spent  in  difficult  positions  (e.g., 

2)  The reliability and accuracy of noninvasive 

dorsal  recumbency  for  a  cardiovascularly 

blood pressure techniques have been evalu-

unstable patient) should be implemented. 

ated in cats, and they are particularly prone 

vi)  Recovery: The recovery period is a particularly 

to  failure  during  periods  of  reduced  perfu-

critical time for compromised patients and is 

sion, severe hypotension, and hypothermia. 

frequently  the  time  during  which  complica-

3)  Arterial catheters can be placed for inva-

tions  occur  leading  to  increased  morbidity. 

sive  blood  pressure  monitoring.  Catheter 

A designated person should be responsible for 

placement requires skill acquisition, but it 

vigilant, continued monitoring and implemen-

provides  extremely  useful  cardiovascular 

tation of therapeutic interventions for at least 

monitoring for critical patients. 

30 minutes  after  the  patient  has  returned  to 

–  A  24Ga  or  22Ga  catheter  is  typically 

normal body temperature and awareness. The 

placed aseptically in the dorsal pedal or 

monitoring  period  may  need  to  be  extended 

coccygeal artery in cats (Figure 5.1). 

based on each individual. Specialized ICUs are 

–  The  arterial  catheter  should  be  clearly 

particularly  well  suited  to  the  postanesthetic 

labeled  to  prevent  inadvertent  arterial 

management of critical felines. 

administration  of  agents  intended  for 

E)  Anesthetic monitoring

intravenous use (Figure 5.2). 

a)  Anesthetic monitoring combines frequent physical 

–  Ischemia of the limb and tail has been 

examination, evaluation of physiologic parameters, 

seen with prolonged maintenance of an 

and assessment of anesthetic depth. Although small 

arterial  catheter  in  cats.  Therefore, 

patient size can make intraoperative patient access 

prompt removal in the recovery period is 

difficult, it does not excuse continuous and vigilant 

recommended. 

monitoring. 

4)  Body temperature: If continuous body tem-

b)  Monitoring  should  assess  cardiovascular  and  res-

perature measurement with an esophageal 

piratory  function  and  sufficient  anesthetic  depth 

or  rectal  probe  is  not  available,  the  body 

and analgesia. 

temperature  should  be  measured  at  least 

c)  Physical examination includes:

every 15 minutes. As feline patients are par-

i)  Palpation of pulse quality. 

ticularly  predisposed  to  hypothermia, 

ii)  Observation of mucous membrane character-

prompt  recognition  of  changes  in  body 

istics (color, moisture, etc.). 

temperature  is  important  for  appropriate 

iii)  Observation of muscle tone, jaw tone, etc. 

use of warming techniques. 

[image: Image 5]
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viii)  Body temperature. 

ix)  A  patient  with  significant  hematologic 

derangements will benefit from periodic intra-

operative  minimum  database  and  blood  gas 

analyses.  The  blood  can  be  either  venous  or 

arterial. 

e)  Assessment  of  anesthetic  depth  includes  frequent 

evaluation of the following parameters:

i)  Jaw tone. 

ii)  Eye position and palpebral reflex. 

iii)  Movement and response to stimulation. 

iv)  Physiologic parameters described in the earlier 

text  (blood  pressure,  heart  rate,  respiratory 

rate, and breathing pattern). 

v)  By  using  the  above- described  objective  and 

subjective assessments of the patient, the over-

all anesthetic depth should be frequently eval-

uated and adjusted. 

F)  Anesthetic induction

a)  Sedation/premedication (Table 5.5):

i)  Critically ill patients are often depressed and 

may require lower doses to achieve acceptable 

sedation. 

ii)  Titration of drugs is ideal to minimize negative 

Figure 5.1  Feline arterial line placement in the tail. 

systemic effects. 

 Source: Image courtesy of S. McMahon. 

iii)  Sedation of critically ill feline patients prior to 

general anesthesia can often be achieved with 

administration of an opioid. 

iv)  Premedication  is  often  not  necessary  unless 

the animal is extremely fractious. If intramus-

cular administration of a sedative is required 

to facilitate intravenous catheter placement, a 

combination  of  an  opioid,  a  benzodiazepine, 

and alfaxalone can be administered. 

b)  Pre-oxygenation

i)  Administration of 100% oxygen via face mask 

for 3–5 minutes is important for a potentially 

difficult  intubation  or  complicated  respira-

tory cases. 

ii)  Effective  pre-oxygenation  increases  the  time 

before apneic desaturation. 

c)  Induction agents (Table 5.5)

i)  For  critically  ill  felines,  the  induction  doses 

can often be reduced by approximately half 

of  the  amount  used  for  a  healthy  patient. 

Induction  drugs  should  be  titrated  for  each 

patient. 

ii)  A balanced protocol combining drugs with dif-

ferent mechanisms of action and effects should 

be used. This allows:

1)  A lower dose of each individual drug can 

be used, with subsequent reductions in the 

Figure 5.2  Secured and labeled arterial catheter placed in 

unwanted systemic effects. 

the tail.  Source: Image courtesy of S. McMahon. 

2)  A synergistic analgesic effect may be seen. 

44  Anesthesia for Critically Ill Feline Patient Table 5.5  Common anesthetic agents and doses for feline patients. 

Drug

Dose

Remarks

Anticholinergics

Atropine

0.01–0.04 mg/kg IV, IM, SQ



● Increases heart rate



● Increases myocardial work and oxygen demand



● Increases anatomic dead space

Glycopyrrolate

0.005–0.01 mg/kg IV, IM



● Same as mentioned in the earlier text for atropine



● Does not cross blood–brain barrier or placenta

Alpha- 2 agonist

Dexmedetomidine

0.25–1 mcg/kg IV



● Provides good sedation

1–5 mcg/kg IM



● Provides analgesia

0.25–2 mcg/kg/h



● Vasoconstriction



● Bradycardia



● Decreases myocardial contractility



● Can cause vomiting

Opioids

Butorphanol

0.1–0.2 mg/kg IV



● Provides effective sedation

0.1–0.5 mg/kg IM



● Minimal cardiovascular effects

0.1–0.5 mg/kg/h CRI



● Can be used to antagonize full mu opioid agonists



● Not a potent analgesic

Buprenorphine

0.01–0.02 mg/kg IV



● Slower onset

0.02–0.04 mg/kg IM



● Difficult to antagonize

Fentanyl

0.005–0.01 mg/kg IV



● Can cause dysphoria

0.1–0.4 mcg/kg/min CRI



● Can cause bradycardia and respiratory depression



● Analgesic



● Complete reversal with naloxone

Hydromorphone

0.025–0.1 mg/kg IV, IM



● Can cause hyperthermia

Methadone

0.1–0.2 mg/kg IV



● Dysphoria

0.2–0.5 mg/kg IM

Remifentanil

0.1–0.4 mcg/kg/min CRI



● Short- acting



● Rapidly metabolized by plasma and tissue 

esterases



● No accumulation



● Should not be given as bolus due to apnea and 

marked bradycardia and hypotension



● Often given as CRI following administration of 

fentanyl as premedication

Benzodiazepines

Midazolam

0.1–0.5 mg/kg IM, IV



● Can be given IM

0.1–0.5 mg/kg/h CRI



● May cause excitement

Diazepam

0.2–0.5 mg/kg IV



● Contains propylene glycol

0.1–0.5 mg/kg/h CRI

Dissociative anesthetic

Ketamine

1–5 mg/kg IV, IM



● Increases heart rate

0.1–0.5 mg/kg/h CRI



● May increase intraocular pressure



● Increases intracranial pressure

Phenothiazine

Acepromazine

0.01–0.05 IV, IM



● Long duration of action



● Caution in critical patients due to hypotension
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Table 5.5  (Continued)

Drug

Dose

Remarks

Alkylphenol derivative

Propofol

1–6 mg/kg IV (titrated to effect)



● May cause pain on injection

0.1–0.5 mg/kg/min CRI



● Dose- dependent respiratory and cardiovascular 

depression



● No analgesic properties



● PropoFlo™ 28 contains benzyl alcohol, which may 

cause toxicity particularly in compromised cats



● Repeated propofol administration associated with 

Heinz body formation

Neuroactive steroid

Alfaxalone

2–5 mg/kg IV, IM



● Dose- dependent cardiovascular and respiratory 

5–8 mg/kg/h CRI

depression



● Should not be given as a sole medication



● No significant analgesic properties



● Sedation for recovery may be needed due to 

residual effects causing agitation

Imidazole

Etomidate

0.5–2 mg/kg IV



● Cardiovascularly sparing agent



● Use in combination with benzodiazepine



● Can cause myoclonus, retching



● Adrenocortical suppression for several hours



● Contains propylene glycol

Volatile anesthetics

There is some variability in the published MAC 

values for cats for isoflurane and sevoflurane

Isoflurane

MAC 1.20–2.22%

Sevoflurane

MAC 2.5–3.95%

Desflurane

MAC 9.79%

Reversal agents

Atipamezole

50–100 mcg/kg IM



● Reversal agent for 

Note: given IV in arrest event

dexmedetomidine

Dose used can also be calculated as 

equal volume of dexmedetomidine given

Flumazenil

0.005–0.02 mg/kg IV



● Not recommended for patients with neurologic 

dysfunction (may lead to seizures)



● Reversal agent for 

benzodiazepines

Naloxone

0.005–0.04 mg/kg IV or IM



● Reversal agent for opioids

 Source: MAC values provided by Shaughnessy and Hofmeister (2014) for isoflurane and sevoflurane and by McMurphy and Hodgson (1995). 

iii)  A  rapid  sequence  induction  (RSI)  technique 

2)  In lieu of titrating an induction agent(s) to 

should  be  employed  whenever  possible  to 

effect with potentially multiple intubation 

minimize  the  risk  of  aspiration  pneumonia 

attempts,  RSI  involves  administration  of 

due  to  the  increased  likelihood  of  a  full 

the induction agent(s) on a mg/kg basis. 

stomach. 

3)  After  the  induction  agents  have  been 

1)  The purpose is to allow fast, effective intu-

administered,  the  patient  is  immediately 

bation, airway security, and ventilation. 

intubated, and the cuff is inflated. 
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iii)  An effective locoregional block prevents pain 

anesthetics  are  NOT  recommended  for  criti-

transmission at the site of origin. 

cal cats. 

iv)  A locoregional block can be used not only to 

1)  Appropriate monitoring is not possible, the 

facilitate the surgical procedure itself by fur-

induction  is  not  well- controlled  and  pro-

ther  reducing  the  doses  of  anesthetic  agents 

longed, and relatively high doses of volatile 

used  but  also  to  provide  analgesia  extending 

anesthetic  are  required,  which  contribute 

into the postoperative period. 

to more significant cardiovascular depres-

v)  Locoregional  and  neuraxial  techniques  are 

sion, and the time to complete intubation 

available for all regions of the body. 

itself is of short duration. 

vi)  Commonly  used  locoregional  and  neuraxial 

2)  A mask or chamber/box induction should 

techniques in the cat include:

only  be  considered  for  an  extremely  frac-

1)  Epidural:

tious cat who cannot tolerate the increased 

–  Sacrococcygeal or intercoccygeal. 

stress  associated  with  handling  for  intra-

–  Lumbosacral. 

muscular premedication. The owners must 

2)  Transversus abdominis plane (TAP) block:

be made aware of the risks of this technique 

–  This  is  a  technique  used  to  provide 

and should sign a consent form. 

anesthesia  and  analgesia  of  the  body 

G)  Anesthetic maintenance (Table 5.5)

wall  including  the  skin,  subcutaneous 

a)  Inhalant anesthetics

tissue, abdominal muscles, and parietal 

i)  After  intubation,  maintenance  of  general 

peritoneum. 

anesthesia is typically performed using a vola-

–  Using  an  ultrasound- guided  technique, 

tile  anesthetic  delivered  via  an  anesthesia 

local anesthetic is infiltrated in the fas-

machine. 

cial plane between the internal abdomi-

ii)  All  volatile  anesthetics  cause  cardiovascular 

nal  oblique  muscle  and  transversus 

and respiratory depression. 

abdominis muscle. 

b)  Intravenous anesthesia— total intravenous anesthe-

3)  Intercostal nerve block. 

sia (TIVA)

4)  Thoracic limb blocks:

i)  For procedures involving the respiratory tract, 

–  Brachial plexus block. 

maintenance  of  anesthesia  using  injectable 

–  Radius, ulnar, median, and musculocu-

agents as intermittent bolus injections or con-

taneous (RUMM) block. 

stant rate infusions is preferable. 

5)  Pelvic limb blocks:

ii)  Avoidance of volatile anesthetics may also be 

–  Femoral. 

preferential for critical cases that cannot toler-

–  Sciatic. 

ate the depressant cardiovascular and respira-

vii)  Due  to  feline  sensitivity  to  local  anesthetics, 

tory effects. 

the drug doses should be calculated carefully 

c)  Constant  rate  infusions  and  partial  intravenous 

to ensure they are below the toxic threshold. 

anesthesia (PIVA)

viii)  Adjuncts  (e.g.,  buprenorphine  or  dexme-

i)  CRIs can be used in conjunction with a volatile 

detomidine)  can  be  combined  with  a  local 

anesthetic to reduce the doses used for anes-

anesthetic  to  prolong  the  duration  of  the 

thetic maintenance. 

nerve block. 

ii)  CRIs can and should be easily titratable. 

ix)  Bupivacaine liposome injectable suspension 

iii)  A lidocaine CRI should NOT be used in the cat 

(Nocita®)  can  provide  up  to  72 hours  of 

due  to  the  depressant  cardiovascular  effects 

analgesia. 

and systemic accumulation of the drug in this 

1)  It is administered by infiltration into a sur-

particular species. 

gical site or used for a specific nerve block. 

d)  Local and regional analgesic techniques

2)  At the time of this publication, it has United 

i)  Locoregional  strategies  should  be  employed 

States  Food  and  Drug  Administration 

whenever  possible  to  provide  analgesia  as 

approval for use as a nerve block agent for 

part of a balanced anesthetic protocol and to 

feline onychectomy. 

minimize doses of general anesthetic drugs. 

e)  Neuromuscular blockade

ii)  Advances  in  locoregional  anesthetic  tech-

i)  A neuromuscular blocking agent may be part 

niques  using  ultrasound  and  nerve  stimu-

of  balanced  anesthetic  protocol  to  facilitate 

lator  guidance  have  allowed  targeted, 

mechanical  ventilation.  They  are  also  used 

effective blocks. 

commonly for ophthalmic procedures. 
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ii)  It  is  important  to  note  that  they  provide  no 

b)  Cardiovascular arrest

analgesic effects. 

i)  The  Cardio  Pulmonary  Resuscitation  (CPR) 

iii)  The duration of action can also be altered by 

code/arrest  status  of  the  patient  should  be 

hypothermia, acid–base abnormalities, severe 

clarified prior to induction of anesthesia, and 

electrolyte  derangements,  and  drug–drug 

it  should  be  known  by  all  members  of  the 

interactions. 

patient care team. 

iv)  All cats that receive neuromuscular blockade 

ii)  CPR drugs should be calculated and prepared 

should be monitored to ensure the cessation of 

in advance per the code status of the patient. 

effect and guide reversal. 

I)  Anesthetic recovery: The recovery period is a high- risk 

H)  Intraoperative complications

time for anesthetic- related feline morbidity and mortality. 

a)  Intraoperative hypotension (Table 5.6)

a)  Continued monitoring and administration of thera-

i)  Hypotension (defined as a mean arterial pres-

peutics  (fluids,  blood  products,  vasoactive  agents, 

sure of <60 mmHg or systolic arterial pressure 

analgesics, heat support, etc.) will continue through 

of  <90 mmHg)  is  frequently  seen  in  criti-

the extubation process and into the immediate post-

cal cases. 

operative period. 

ii)  The inhalant concentration should be reduced 

i)  Objective and subjective data should continue 

to the minimum possible based on the balanced 

to be recorded throughout the recovery period. 

protocol used. 

ii)  Specialized equipment (suction, re- intubation 

iii)  Fluid  support  is  essential.  Based  on  the  fluid 

supplies,  etc.)  should  be  available  in  case  of 

status of the patient and degree of cardiac dis-

complication during emergence from general 

ease, a fluid bolus can be administered. 

anesthesia. 

1)  A  typical  bolus  of  crystalloid  fluid  will  be 

b)  The  implementation  of  a  multimodal  analgesic 

5–10 ml/kg administered over 15–20 minutes. 

plan is essential. 

If needed, the bolus can be repeated if the 

i)  Although critically ill patients may not display 

patient is still volume- deficient. 

classic signs of pain due to debilitation, anal-

2)  A bolus of colloids (e.g., VetStarch) can also 

gesic management is imperative for optimum 

be considered based on intraoperative mon-

patient care and outcome. 

itoring  results.  An  intravenous  bolus  of 

ii)  Pain  scoring  systems  (see  Chapter  8—Fluid 

3–5 ml/kg  can  be  administered  over 

Therapy) should be utilized during the postop-

10–20 minutes. 

erative period. 

iv)  In combination with fluid support, inotrope/

1)  Feline pain score systems have been devel-

vasopressor therapy should be instituted. 

oped  (UNESP- Botucatu  Multidimensional 

1)  The  choice  will  depend  on  disease  pro-

Composite Pain Scale, Glasgow Composite 

cess,  drug  availability,  and  clinician 

Measure Pain Scale – Feline, and the Feline 

preference. 

Grimace Scale). 

2)  If the hypotension is not improved following 

2)  Pain  scoring  systems  are  useful  for  moni-

initiation of therapy, a different agent should 

toring  and  tracking  response  to  therapy 

be selected or added to work in conjunction 

over time. 

with the initial CRI. 

c)  Dysphoria in cats is common. 

i)  Dysphoria may be due to pain, residual effects 

of anesthetic drugs, or hypoxemia. 

Table 5.6  Treatment of intraoperative hypotension. 

ii)  Treatment of dysphoria:

1)  Ensure  appropriate  analgesia  has  been 

Drug

Dose

provided. 

2)  Reversal of anesthetic drugs that could still 

Dopamine

5–20 mcg/kg/min

be persistent. 

Dobutamine

2–20 mcg/kg/min

–  Benzodiazepines  can  be  reversed  with 

Phenylephrine

0.05–3 mcg/kg/min

flumazenil (0.01–0.02 mg/kg IV). 

Ephedrine

0.05–0.2 mg/kg IV as a bolus

–  Opioids  can  be  reversed,  with  attention 

that appropriate analgesia is still provided. 

Norepinephrine

0.05–1 mcg/kg/min

Naloxone can be used to reverse opioids. 

Epinephrine

0.1–1 mcg/kg/min

For  full  mu  opioids  (e.g.,  fentanyl),  a 

Vasopressin

CRI: 0.01–0.02 U/kg/min

small dose of butorphanol (e.g., 0.02 mg/

Bolus: 0.1–0.4 U/kg

kg diluted in 0.9% saline) can be titrated 
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Table 5.7  Equipment for difficult intubation in the cat. 

without full opioid reversal. 

–  A  small  dose  of  dexmedetomidine 

Atomizer or 1 ml syringe 

(0.25–1 mcg/kg IV) could be diluted and 

Endotracheal tube sizes 

to apply topical lidocaine 

administered slowly or to effect to pro-

ranging from 2.0 mm to 5 mm

to larynx

vide  sedation  during  emergence  and 

Multiple laryngoscope 

Tube ties to secure 

recovery. 

blades

endotracheal tube and 

3)  Assess  respiratory  rate  and  effort.  Airway 

cuff syringe

obstruction  in  cats  in  recovery  is  not 

Cook Airway Exchange 

Tongue depressors and 

uncommon and is potentially catastrophic. 

Catheter

cotton tip applicators

–  If airway compromise is suspected, rapid 

Supraglottic airway 

Stylets

re- assessment is required. 

device/V- GEL

–  Provide supplemental oxygen via mask. 

Urinary catheter/tomcat 

Oxygen face mask

–  Sedation or re- induction may be required 

catheter

to assess and secure an airway. 

14G 5.25- in. Angiocath™ 

Clippers

J)  Anesthetic  management  of  specific  conditions: 

catheter

Examples of particularly challenging anesthetic condi-

22G peripheral venous 

Scissors

tions will be discussed in the following text. 

catheter

a)  Upper airway obstruction

20G peripheral venous 

White tape

catheter

i)  The cat suffering from upper airway obstruc-

tion  (e.g.,  from  a  laryngeal  mass)  poses  par-

Hydrophilic coated guide 

Suction canister and tubes

wire— particularly useful 

ticular  challenges  for  an  anesthetist.  These 

for retrograde intubation

patients may need to be anesthetized for diag-

Hypodermic needles 

Tracheostomy tubes and 

nostic procedures including airway examina-

(various sizes)

person available to 

tion,  computed  tomography,  endoscopy,  and 

perform tracheostomy

biopsy, as well as for therapeutic interventions 

2% lidocaine

Endoscope

including surgery or radiation therapy. 

ii)  Additional equipment is required. The follow-

ing should be available in addition to the mate-

rials listed in Table 5.7:

3)  Adequate preoxygenation. 

1)  Various  endotracheal  tube  sizes  ranging 

4)  Adequate number of trained personnel for 

from 2.0 mm to 5 mm. 

each duty (surgery and anesthesia). 

2)  Cook Airway Exchange Catheter

5)  Attach  extension  set  to  catheter  prior  to 

3)  Supraglottic  airway  device/V- GEL®.  Note: 

starting.  It  can  be  difficult  to  access  the 

These  devices  are  designed  for  cats  with 

patient’s venous injection port during tra-

normal laryngeal anatomy. Caution should 

cheostomy,  and  the  extension  set  facili-

be employed when using these devices in 

tates  access  to  titrate  anesthetic  and 

patients with distorted laryngeal anatomy, 

emergency drugs. 

as an appropriate laryngeal seal may not be 

iv)  Protocol selection should be carefully selected 

achieved. 

to  avoid  the  catastrophic  “cannot  intubate, 

4)  Urinary catheter/tomcat catheter. 

cannot ventilate” scenario. 

5)  Hydrophilic coated guide wire— particularly 

1)  Premedication

useful for retrograde intubation. 

–  Often  these  cats  are  especially  anxious 

6)  Tracheostomy tubes and trained personnel 

due to the respiratory distress and hospi-

available to perform tracheostomy. 

talization. Efforts to minimize stress are 

7)  Endoscope. 

essential. 

iii)  Additional  preparation  should  also  be 

–  Doses should ideally be titrated to mini-

performed:

mize respiratory depression and apnea. 

1)  Pre- clip and scrub ventral cervical region in 

–  Often cats with respiratory disease may 

preparation for tracheostomy. 

breathe adequately when conscious, but 

2)  Infiltration of local block with lidocaine at 

may become significantly compromised 

tracheostomy site. 

when sedated. 
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2)  Induction

Some cats may tolerate the anesthetic event 

–  Propofol or alfaxalone should be titrated 

and others may decompensate rapidly. 

to  effect  during  induction  and  during 

2)  Cats  receiving  Angiotensin  Converting 

intubation. Although not the preference 

Enzyme  (ACE)  inhibitors  may  experience 

of the author, a careful titration of keta-

profound hypotension under general anes-

mine can be used. 

thesia.  It  is  recommended  that  cats  DO 

–  A  benzodiazepine  can  be  administered 

NOT receive ACE inhibitors on the day of 

to provide muscle relaxation. 

planned anesthetic procedures. 

3)  Maintenance

3)  Dissociative  anesthetics  (ketamine,  tileta-

–  Depending on the procedure performed, 

mine,  etc.)  are  contraindicated  in  these 

a TIVA protocol may be elected (propofol 

patients  with  severe  cardiac  disease.  The 

or alfaxalone CRI). 

sympathomimetic  effects  will  cause 

v)  The recovery period is especially critical due to 

increased  blood  flow  through  the  heart, 

the potential for re- obstruction. 

which  can  worsen  the  SAM  and  left  ven-

1)  There may be swelling associated with air-

tricular ejection of blood. In addition, the 

way manipulations, which can exacerbate 

pathologic heart tissue may not be able to 

pre- existing airway obstruction. 

withstand  the  increased  myocardial  work 

2)  Dexamethasone 

sodium 

phosphate 

and oxygen needs provoked by the sympa-

(0.1 mg/kg  IV)  may  be  administered  to 

thomimetic activity, which may cause myo-

address some of the airway inflammation. 

cardial ischemia and arrhythmias. 

3)  If a tracheostomy was not performed, equip-

4)  Complications  reported  in  anesthetized 

ment  and  personnel  should  be  available 

humans  with  HCM  include  congestive 

should  one  need  to  be  performed  after 

heart failure, tachyarrhythmias (supraven-

extubation. 

tricular  and  ventricular),  and  systemic 

4)  If  a  tracheostomy  was  performed,  suction 

hypotension. 

material  and  tracheostomy  care  supplies 

iv)  A  protocol  should  be  designed  to  maximize 

should be available. 

perfusion  and  minimize  myocardial  oxygen 

b)  Hypertrophic cardiomyopathy

demand and stress. 

i)  HCM is the most common form of heart disease 

1)  Premedication

in the cat. It causes diffuse or segmental hyper-

–  An  opioid  is  typically  used  to  provide 

trophy  of  the  left  ventricular   myocardium. 

mild  sedation  (butorphanol,  buprenor-

The  interventricular  septum,  left  ventricular 

phine, etc.). 

free  wall,  and  papillary  muscles  are  usually 

–  The opioid can be combined with a ben-

involved.  The  myocardial  thickening  and 

zodiazepine if needed. 

remodeling  lead  to  subsequent  diastolic  dys-

–  Alfaxalone  can  also  be  administered  to 

function.  The  onset  may  occur  as  early  as 

provide additional sedation. 

6 months of age in affected cats. Cats may not 

–  The use of alpha- 2 adrenergic agonists in 

show clinical signs even with significant pathol-

cats with HCM is controversial. 

ogy, and sudden death is possible. 

● 

There  is  concern  that  the  alpha- 2 

ii)  Muscular hypertrophy can lead to changes in 

agonist  will  cause  a  significant 

the mitral valve, leading to pulling of the ante-

increase in afterload, and in combi-

rior valve leaflet and dynamic left ventricular 

nation with the stress of illness and 

outflow tract (LVOT) obstruction. Alterations 

hospitalization,  it  could  further 

in blood flow through the LVOT can also lead 

reduce cardiac output. 

to systolic anterior motion (SAM) of the mitral 

● 

Lamont et al. (2002) found that the 

valve leaflet. 

administration of medetomidine to 

iii)  This  disease  poses  unique  challenges  for  the 

conscious cats with SAM had com-

anesthetist. 

plete  resolution  of  the  LVOT 

1)  Cats that are asymptomatic and do not have 

obstruction. 

a heart murmur may be anesthetized with-

● 

Thus, the benefits of stress reduction, 

out knowing that they have the condition, 

heart  rate  reduction,  and  reduction 

let  alone  the  severity  of  the  pathology. 

of  inhalant  requirement  could  be 
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● 

Cats  with  significant  bradyarrhyth-

of dexmedetomidine. 

mias  and  hypotension  can  benefit 



●

It  is  important  to  remember  that 

from anticholinergic administration. 

administration  of  dexmedetomidine 

● 

Low  doses  should  be  used  to  avoid 

could affect the results of radiographic 

marked tachycardia or tachyarrhyth-

and echocardiographic examinations. 

mias,  which  will  increase  myocar-

■ 

Dexmedetomidine administration 

dial work and oxygen demand. 

in healthy cats is associated with 

–  Inotropes  and  vasopressors  should  be 

an increase in the vertebral heart 

considered  carefully  in  cats  with 

score  and  percentage  width  of 

HCM.  The  management  of  intraopera-

the  cardiac  silhouette  (Zwicker 

tive  hypotension  is  multifactorial  and 

et al. 2016). 

complex. 

■ 

Sedation  with  dexmedetomidine 

● 

The  infusion  of  a  positive  inotrope 

and  buprenorphine  has  been 

may induce or increase dynamic out-

shown to affect multiple echocar-

flow  tract  obstruction  and  lead  to 

diographic parameters. Atrial and 

further reduction of cardiac output. 

ventricular  diameters  and  blood 

Also,  a  positive  inotrope  could 

pressure  values  were  increased 

increase  myocardial  work  and  oxy-

relative to those obtained prior to 

gen  consumption  and  contribute  to 

sedation.  Heart  rate,  fractional 

the development of arrhythmias. 

shortening, and aortic and pulmo-

● 

The  infusion  of  a  vasoconstrictive 

nary  artery  flow  velocities  were 

agent may alter the pressure gradient 

reduced (Johard et al. 2018). 

across  the  aortic  valve  leading  to 

2)  Induction

improvement  of  the  dynamic  out-

–  Mild–moderate disease: Alfaxalone or 

flow tract obstruction, with possible 

propofol  should  be  titrated  to  effect. 

improvement in cardiac output. 

A  benzodiazepine  can  be  added  to 

● 

Wiese  et  al.  (2012)  compared  the 

reduce  the  total  dose  of  propofol  or 

treatment  of  isoflurane- induced 

alfaxalone. 

hypotension in cats with HCM with 

–  Severe disease: Etomidate and a benzo-

infusions of either dopamine or phe-

diazepine can be considered for patients 

nylephrine. In these cats, they found 

in heart failure. 

that  dopamine  and  phenylephrine 

–  Induction agents should be prepared in 

both caused dose- dependent increases 

1 ml  or  3 ml  syringes  depending  on 

in  systemic  and   pulmonary  blood 

patient  size  to  minimize  inadvertent 

pressures.  However,  only  dopamine 

overdose.  Agents  (e.g.,  alfaxalone)  can 

caused  improvement  in  cardiac  out-

be  diluted  with  0.9%  saline  for  small 

put.  While  dopamine  was  found  to 

patients to minimize overdose. 

provide  superior  cardiovascular  sup-

3)  Maintenance

port in this study, none of the cats had 

–  Inhalant concentrations should be kept 

dynamic LVOT obstruction. The phe-

as  low  as  possible  by  using  a   balanced 

notypic variation between cats makes 

protocol and locoregional anesthesia. 

selection  of  therapeutic  intervention 

–  An opioid CRI (Table 5.5) can be used to 

for hypotension complicated. 

reduce inhalant levels and provide anal-

5)  Intravenous fluids

gesia.  Fentanyl  and  remifentanil  are 

–  Intravenous  fluids  should  be  adminis-

good options. 

tered  cautiously,  as  the  diastolic  dys-

4)  Blood pressure monitoring and support

function may not be able to compensate 

–  Invasive  blood- pressure  monitoring  is 

for the increase in fluid volume. High 

recommended in cats with moderate- to- 

fluid  rates  and  boluses  should  be 

severe disease. 

avoided to reduce the risk of fluid over-

–  Anticholinergics  (Table  5.5)  should  be 

load, pulmonary edema, and congestive 

titrated and administered cautiously. 

heart failure. 
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–  Total  volumes  of  infusions,  flush 

Table 5.8  Treatment of hyperkalemia. 

syringes, and hourly fluid rate should be 

calculated in advance to minimize fluid 

Drug

Dose

Remarks

administration. 

–  Synthetic colloids should be avoided due 

Calcium 

0.1 mg/kg IV



● Raises threshold potential

to their longer duration of activity rela-

chloride



● Administer slowly

tive  to  crystalloids  and  reliance  on 

Calcium 

0.5–1.5 ml/kg IV

Same as mentioned in the 

metabolism for elimination. 

gluconate 

earlier text

(10%)

c)  Urethral obstruction

i)  Cats  with  urethral  obstruction  may  require 

Dextrose 

1–2 ml/kg IV



● Increases endogenous 

(50%)

insulin release

sedation or anesthesia for urinary catheteriza-



● Dilute to 5–10% solution 

tion, diagnostic procedures, or surgery. 

prior to administration

ii)  Cats with severe fluid, acid–base, and electro-

Regular 

0.25–1 U/kg IV



● Encourages potassium 

lyte derangements must be stabilized prior to 

insulin

into cells

induction of general anesthesia. Patients may 



● Administer with dextrose

have  azotemia,  acidemia,  hyperglycemia, 



● Monitor blood glucose 

hypocalcemia,  hyperphosphatemia,  hyper-

levels for several hours 

kalemia, hyponatremia, and hypochloremia. 

after administration

1)  Hyperkalemia is a life- threatening electro-

 Source: Adapted from Clark- Price SC and Grauer GF. Physiology, lyte  derangement  due  to  the  potential  for 

pathophysiology, and anesthetic management of patients with renal 

induction of a fatal arrhythmia. 

disease. In: Veterinary Anesthesia and Analgesia: The Fifth Edition of Lumb and Jones. Grimm KA, Lamont LA, Tranquilli WJ, Greene 

2)  In general, cats should not be anesthetized 

SA, and Robertson SA, eds. Ames: Wiley Blackwell, 2015:694. 

if they have a potassium above 5.5–6 mEq/l. 

Information also provided by Schroeder CA. Renal disease. 

It is important to note that although ECG 

In: Canine and Feline Anesthesia and Co- Existing Disease. Snyder 

abnormalities  are  often  seen  with  higher 

LBC and Johnson RA, eds. Ames: Wiley, 2014; 122–125. 

levels  of  potassium,  arrhythmias  can  be 

seen with any degree of hyperkalemia. 

● 

Exogenous  delivery  of  sodium 

3)  Hyperkalemia raises the resting membrane 

bicarbonate  can  lead  to  increased 

potential of cardiac myocytes. As the serum 

carbon dioxide levels and worsening 

potassium  level  increases,  repolarization 

acidosis  especially  if  ventilation  is 

occurs  more  quickly,  and  automaticity, 

impaired. 

excitability,  conductivity,  and  contractility 

iii)  Premedication

are all reduced. 

1)  Typically,  an  opioid  (e.g.,  fentanyl/metha-

4)  The classic ECG abnormalities seen with 

done) is used for sedation and analgesia. 

hyperkalemia include tall, tented T waves, 

2)  ECG  monitoring  should  be  employed 

a prolonged PR interval, wide QRS com-

throughout the premedication process. 

plex,  and  absent  P  waves. With  progres-

iv)  Induction

sion  of  the  hyperkalemia,  bradycardia, 

1)  A  benzodiazepine  in  combination  with 

ventricular  fibrillation,  and  asystole 

propofol  or  alfaxalone  can  be  used  for 

will occur. 

induction (Table 5.5). 

5)  Treatment  to  correct  the  hyperkalemia 

2)  ECG monitoring should be used through-

must  be  performed  prior  to  induction  of 

out the induction period. 

general anesthesia. Therapies, dosages, and 

v)  Maintenance

routes  of  administration  are  provided  in 

1)  A  multimodal  protocol  including  CRIs 

Table 5.8 and include:

(e.g.,  fentanyl  or  remifentanil)  should  be 

–  10%  calcium  gluconate  (does  not  treat 

used  when  possible  to  minimize  inhalant 

hyperkalemia). 

concentrations. 

–  50% dextrose. 

2)  Locoregional anesthetic techniques should 

–  Regular insulin

be utilized. 

–  Sodium bicarbonate:

–  Cats may benefit from an epidural. 

● 

The administration of sodium bicar-

–  If  surgery  for  cystotomy  is  required, 

bonate is controversial. 

locoregional techniques are particularly 

52  Anesthesia for Critically Ill Feline Patient useful  to  minimize  systemic  anesthetic 

The  owner  should  be  made  aware  of 

drug doses. 

the  risks  of  heavy  sedation  without  com-

● 

A TAP block is an effective technique 

plete  physical  examination,  which  will  be 

for body wall analgesia for cystotomy. 

increased due to the severity of the animal’s 



●

Infiltration of Nocita in the skin at the 

condition (including aspiration, respiratory 

time of body wall closure can provide 

arrest, cardiovascular collapse/arrest, etc.), 

postoperative incisional analgesia. 

and  it  is  recommended  that  the  owner’s 

3)  After  the  obstruction  is  relieved,  cats  will 

consent  be  appropriately  documented  in 

experience a postobstructive diuresis. Cats 

the  legal  medical  record  in  the  form  of  a 

may  require  multiple  fluid  boluses  and 

consent  or  waiver  due  to  this  increased 

higher fluid rates during this period. Fluids 

medical risk. 

will need to be administered cautiously in 

2)  Intramuscular can be administered through 

cats with cardiac disease. 

the openings of a mesh carrier. This is the 

vi)  Recovery

authors’ preference if the cat is housed in 

1)  Cats will require continued fluid therapy. 

such a carrier. If the cat is not housed in a 

2)  In the authors’ experience, analgesia in the 

mesh  carrier,  the  cat  can  be  restrained 

postoperative  period  following  peri- 

using blankets and protective gloves. 

incisional Nocita administration is anecdo-

3)  The  authors’  find  a  combination  of  alfax-

tally improved in cats following laparotomy 

alone,  butorphanol,  and  midazolam 

and cystotomy. 

(Table 5.5) to be a particular effective com-

d)  Anesthesia for the fractious, critical cat

bination. The lower doses should be used in 

i)  The fractious cat that is in a critical state can 

particularly unstable cases. 

be an anesthetic challenge, as a limited assess-

–  Alfaxalone: 1–2 mg/kg IM. 

ment can be performed without sedation. 

–  Butorphanol: 0.3–0.5 mg/kg IM. 

ii)  History

–  Midazolam: 0.3–0.5 mg/kg IM. 

1)  It is essential to obtain as much history as 

iv)  Physical examination

possible to guide treatments and interven-

1)  After  the  patient  has  become  sedate,  an 

tions and to prepare for complications. 

intravenous catheter should be placed rap-

2)  Particularly  relevant  historical  details 

idly,  and  the  physical  examination  can 

include:

commence. 

–  Time frame of observed illness. 

2)  Materials for intubation should be available 

–  Known coexisting diseases. 

should  the  patient  require  ventilatory 

–  Vaccination history. 

support. 

iii)  Sedation

v)  Anesthesia

1)  Administration of sedation will be required 

1)  Anesthesia can then performed as described 

prior  to  complete  physical  examination. 

in the earlier text for the feline patient. 
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Anesthetic Protocols for Systemically Healthy Cats

 Michelle Cerullo and Giacomo Gianotti

UNIQUE FEATURES



● Low- stress- handling techniques should be used to facilitate preanesthetic exam, intramuscular sedation injections or intravenous catheter placement to reduce risk of injury. 



● Cats lack the ability to metabolize drugs through glucuronidation; therefore, prolonging clearance of certain drugs, such as propofol, so doses may need to be adjusted. 



● Opioids at clinical doses can provide sedation, analgesia, and/or euphoria in some cats. Excitation, dysphoria, and hyperthermia may occur with opioid administration in cats, most notably with morphine at higher doses. 



● Ketamine undergoes hepatic metabolization to primarily one active metabolite, norketamine, which is excreted unchanged in urine. 

A) Pre- anesthetic considerations

cardiac output dependent on heart rate with 

a)  Handling

little  reserve  to  increase  contractility  or  sys-

i)  Low- stress- handling  guidelines  are  used  to 

temic vascular resistance. 

decrease the stress response of the patient and 

ix)  Senior  and  geriatric  patients  may  also  have 

the risk of injury to veterinarians and owners. 

reduced drug requirements, due to decreased 

Decreasing initial stress potentially facilitates 

kidney and liver function. 

improved interactions during future appoint-

c)  Pre- operative patient evaluation

ments. Recommendations include the use of 

i)  Physical exam should include cardiac and res-

towels  instead  of  scruffing  or  stretching 

piratory auscultation, pulse quality palpation, 

techniques. 

assessment of skin turgor, mucous membrane 

b)  Life  stages*  should  be  considered  in  determining 

color, and capillary refill time. 

necessary  pre- operative  laboratory  evaluation  and 

ii)  Hematologic evaluation should be guided by a 

drug selection. 

patient’s  American  Society  of  Anes-

i)  Neonate: birth to 4 weeks

thesiologists  (ASA)  status  and  age.  Each 

ii)  Kitten: 4 weeks to 6 months

patient  evaluation  should  include  at  least  a 

iii)  Junior: 7–24 months

packed cell volume (PCV), total protein (TP), 

iv)  Prime: 3–6 years

blood glucose (BG), and ideally a blood urea 

v)  Mature: 7–10 years

nitrogen (BUN), creatinine. 

vi)  Senior: 11–14 years

d)  Fasting recommendations for adult cats are to with-

vii)  Geriatric: 15+ years

hold food for 6–12 hours prior to anesthesia to allow 

viii)  Neonates  have  reduced  drug  requirements, 

adequate emptying of the stomach. Water should be 

not fully matured liver or kidneys, and have a 

available until the morning of surgery. 

*  AAHA guidelines. 
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procedures,  as  patients  can  develop  hyperthermia 

a)  Sedation

with excessive warming and select pharmaceuticals 

i)  Some  procedures  can  be  performed  under 

(opioids). 

sedation including imaging modalities, small 

D) Sedatives

laceration  repairs,  urinary  catheter  place-

a)  Phenothiazines

ment, biopsies, etc. Heart rate, oxygen satura-

i)  Central nervous system (CNS)

tion  through  pulse  oximetry,  and  respiratory 

1)  Act  to  depress  dopaminergic  neurotrans-

rate should be monitored every 5 minutes. 

mission.  Provide  unreliable  sedation  with 

b)  Anesthesia

patients  being  easily  rousable,  especially 

i)  Vital signs including heart rate, respiratory rate, 

fractious or excited cats. 

pulse rate and quality, blood pressure, and oxy-

ii)  Cardiovascular

gen saturation should be monitored every 5 min-

1)  Peripheral a1 blockade causing vasodilation 

utes.  Electrocardiogram  and  end- tidal  carbon 

and  systemic  hypotension  with  or  without 

dioxide  should  also  be  monitored  when 

compensatory  increase  in  heart  rate. 

indicated. 

Decrease  ventricular  arrhythmias/raising 

ii)  Normal vital parameters

arrhythmogenic epinephrine dose. 

1)  HR: >100 and <180 beats per minute. 

iii)  Respiratory

2)  Arterial blood pressure: >90 mmHg systolic 

1)  Mild  respiratory  effect  with  a  decrease  in 

on  Doppler  and  mean  of  >60 mmHg  on 

rate and no change in minute ventilation. 

oscillometric or invasive monitoring. 

b)  Benzodiazepines

3)  ETCO2: >30 mmHg and <45 mmHg. 

i)  CNS

iii)  Temperature  should  be  monitored  every 

1)  Bind to specific sites on the GABAA recep-

15 minutes; cats have a high susceptibility for 

tor,  the  main  inhibitory  receptor  in  the 

hypothermia as a result of their small size and 

CNS. Unpredictable results, but commonly 

increased surface area–body weight ratio. 

paradoxical excitation in healthy cats when 

C)  Supportive care

used as a sole agent or in combination with 

a)  Intravenous fluids

an opioid. 

i)  Crystalloid fluid therapy for maintaining vas-

ii)  Cardiovascular

cular volume and tissue perfusion, and main-

1)  Minimal  effects  on  cardiac  output,  stroke 

taining or correcting electrolytes and acid–base 

volume, systemic vascular resistance, and 

balance.  Consider  fluid  requirements  of  the 

coronary  blood  flow.  Recommended  for 

patient, resuscitative versus maintenance, and 

geriatric patients. 

risk  factors  for  developing  complications. 

iii)  Respiratory

Blood  volume  of  a  cat  is  approximately 

1)  Mild decrease in respiratory rate with little 

60 ml/kg. 

effect on ventilation and oxygenation when 

1)  Goal- directed therapeutic approach by rec-

used alone. 

ognizing  treatment  end  points  and  moni-

iv)  Musculoskeletal

tored  parameters,  that  is,  mean  arterial 

1)  Moderate muscle relaxation. 

blood pressure and changes in lactate. 

v)  Metabolism

2)  Moderate 

hypovolemia 

resuscitation: 

1)  Hepatic  metabolism  through  microsomal 

10–15 ml/kg over 5–10 minutes. 

hydroxylation  with  glucuronidase  reduc-

3)  Maintenance: 3–5 ml/kg/h. 

tion.  Caution  in  geriatric  patients  with 

ii)  Colloids. 

decreased liver function. 

1)  Synthetic (dextrans, hydroxyethyl starches, 

vi)  Midazolam is water- soluble and can be given 

polygelatins,  etc.)  versus  natural  (plasma) 

IV, IM, PO, and SC. 

colloid solutions available. 

vii)  Diazepam  has  a  propylene  glycol  diluent; 

2)  Administered to assist in low oncotic pres-

therefore, caution is advised when giving large 

sure to help maintain volume in the intra-

doses. Cats are at higher risk for red blood cell 

vascular space. 

hemolysis.  Route  of  administration  includes 

b)  Heat support may include forced air warmers such 

IV and rectally. 

as Bair Huggers, IV fluid warmers, and heated water 

viii)  Repeated oral dosing of diazepam may cause 

blankets.  Caution  in  minimally  invasive  or  minor 

hepatic necrosis. 
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c)  Alpha- 2 adrenergic agonists

iv)  Musculoskeletal

i)  CNS

1)  Reliable muscle relaxation mediated at the 

Central depression at the locus coeruleus 

level of the spinal cord. 

(awareness  center  of  the  brain). 

v)  Renal

Presynaptic  alpha- 2  agonists  inhibit  nor- 

1)  A2  agonists  consistently  cause  diuresis  by 

epinephrine  (NE)  release  leading  to 

several mechanisms including reduced pro-

decreased neural activity. 

duction  of  anti- diuretic  hormone  (ADH), 

1)  Alpha- 2 agonists may stimulate the chemo-

inhibition of the action of ADH on the col-

receptor trigger zone outside of the blood–

lecting  tubules  leading  to  excretion  of 

brain barrier to cause emesis. 

sodium, and decreased micturition pressure 

ii)  Cardiovascular

and bladder capacity. 

1)  Biphasic cardiovascular response due to acti-

vi)  Dexmedetomidine and medetomidine

vation  of  postsynaptic  a2  receptors  and  a1 

1)  Highly selective: 1620:1 α2:α1 ratio. 

receptors  on  peripheral  vessels  leading  to 

d)  Opioids

vasoconstriction  and  baroreceptor- mediated 

i)  Opioids are classified based on their action at 

reflex bradycardia. 

various  opioid  receptors:  μ,  κ,  and  δ.  See 

2)  Secondary vasodilation without increase in 

Table 6.1 for doses. 

heart rate from centrally mediated presyn-

ii)  CNS

aptic  activity  causing  an  increase  in  vagal 

1)  Bind to spinal and supraspinal presynaptic 

outflow. 

opioid receptors in the dorsal horn and post-

3)  Overall decrease in CO up to 60% with these 

synaptic  μ  receptors  in  dorsal  root  ganglia 

drugs;  however,  myocardial  perfusion  is 

leading to a decrease in propagation of noci-

maintained. 

ceptive signal. 

iii)  Respiratory

2)  CNS excitation consistent with generalized 

1)  Centrally mediated reduction in respiratory 

excitement and convulsant electro encepha-

rate  and  minute  ventilation  with  a  mild 

lography (EEG) activity with higher doses of 

increase  in  partial  pressure  of  carbon 

morphine  in  cats,  less  common  at  clini-

dioxide. 

cal doses. 

Table 6.1  Sedation protocols. 

Drug

IV mg/kg

IM mg/kg

Comments

Opioid





Hydromorphone/morphine may cause dysphoria and emesis



● Butorphanol

0.2–0.5

0.2–0.5

Morphine not recommended



● Methadone

0.1–0.5

0.1–0.5



● Buprenophine

0.005–0.04

0.005–0.04



● Hydromorphone

0.05–0.1

0.05–0.1



● Morphine

0.05–0.3

0.05–0.3

Acepromazine

0.01–0.05

0.01–0.05

Can be given SQ

Hydromorphone

0.05–1.0

0.05–1.0

Alfaxalone

0.5–3

1–3

May be volume- limiting

± opioid





Dose- dependent immobility

± midazolam

0.2–0.4

0.2–0.4

CRI

0.05–0.2 (mg/kg/min)

Dexmedetomidine

0.001–0.005

0.005–0.010

CRI: 0.5–3 mcg/kg/h IV

± opioid

0.1–0.3

0.2–0.5

Ketamine

3

Deep sedation/immobilization

± dexmedetomidine

0.005

Telazol

2–3

2–3

IM preferred

± opioid

Combination produces better sedation/immobilization

± a2 agonist
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vii)  Antitussive versus emetic

to  large  individual  response  to  opioids. 

1)  Fentanyl,  butorphanol,  methadone,  and 

Euphoria  and  dysphoria  can  be  seen  to 

tramadol  can  display  antitussive  effects 

varying  degrees  depending  on  the  drug, 

through central inhibition of cough center 

route of administration, and patient status. 

through μ and κ receptors. 

Therapeutic plan including opioids should 

2)  Hydromorphone  and  morphine  can  cause 

be used in combination to minimize these 

emesis  through  the  chemoreceptor  trigger 

effects  and  should  be  tailored  to  the 

zone outside the blood–brain barrier. 

patient. 

3)  Repeated  doses  may  not  cause  repeated 

iii)  Cardiovascular

emesis due to concurrent central antiemetic 

1)  Cardiac output may decrease minimally or 

activity. 

increase  in  the  presence  of  excitement. 

e)  Gabapentin

Minimal  vascular  effects  seen  at  clini-

i)  Antiepileptic shown to reduce anxiety by block-

cal doses. 

ing  activity  at  a  voltage- dependent  subunit 

2)  Histamine  release  associated  with  intrave-

( α 2 δ- 2)  of  the  voltage- gated  calcium  channel. 

nous morphine and meperidine may cause 

Well tolerated by cats at 10–40 mg/kg PO produc-

vasodilation. 

ing peak sedation at 1.5–2 hours after administra-

iv)  Respiratory

tion. Combination of gabapentin with trazodone 

1)  Dose- dependent  respiratory  depression 

at  least  2  hours  prior  to  transportation  may 

through μ receptor activation, and decreased 

improve  efficacy  in  reducing  stress  associated 

response  to  changes  in  partial  pressure  of 

with transportation and handling for IV catheter 

carbon dioxide. 

placement. 

v)  Thermoregulation

f)  Trazodone hydrochloride

1)  Administration  of  opioids  can  lead  to 

i)  Serotonin  antagonist  and  re- uptake  inhibitor. 

increases in body temperature, most notable 

Should be given orally at home prior to trans-

in cats with the use of hydromorphone of up 

port  to  hospital  with  peak  sedation  varying 

to 41–42 °C for 5 hours. 

between 1.5 and 2.5 hours and lasting up to 4 

vi)  Metabolism

hours. 5–8 mg/kg PO is well tolerated. 

1)  Morphine and buprenorphine metabolized 

E)  Injectable  anesthetics  used  as  induction  agents 

through  hepatic  glucuronidation;  primary 

(Table 6.2)

metabolites  are  sulfate  conjugates.  Scarce 

a)  Dissociative anesthetics

formation of the active metabolite of mor-

i)  CNS

phine  (morphine- 6- glucuronide)  may  be 

1)  Dissociation of the thalamocortical and lim-

responsible for reduced efficacy in cats com-

bic systems. N- methyl- D- aspartate (NMDA) 

pared to other species. Elimination of half- 

receptor  antagonist  preventing  binding  of 

life is similar to other species with a slower 

excitatory  neurotransmitters  with  a  weak 

clearance. 

effect acting at opioid receptors. 

Table 6.2  Induction agents. 

Drug

Dose (mg/kg)

Route

Comments

Ketamine

2–5

IV, IM

Painful injectant



● midazolam

0.2–0.4

Telazol

2–5

IV, IM

Painful injectant

Propofol

2–8

IV

Not recommended for use if anesthetizing 

multiple times per week

Alfaxalone

2–5

IV, IM

May cause rigidity if used alone

Etomidate

1.5–4

IV

Hyperosmolar and contains propylene 

glycol— dilute to reduce irritation to veins
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2)  Produces  a  cataleptic  state  where  there 

4)  Extrahepatic  metabolism  of  propofol  in 

appears  to  be  consciousness  without  reac-

pulmonary tissue is an important pathway. 

tion to noxious stimuli. Provides analgesia 

Hepatic metabolism likely through glucu-

in  chronic  pain  patients  and  amnesia,  but 

ronidation  pathways  is  not  well  classified 

does  not  produce  enough  muscle  relaxa-

in  cats;  however,  may  cause  prolonged 

tion alone. 

recovery  if  used  as  a  constant  rate  infu-

3)  Anesthetic  doses  increase  cerebral  blood 

sion (CRI). 

flow,  intracranial  pressure,  and  cerebral 

5)  Available without preservative or with 2% ben-

oxygen demand. 

zyl  alcohol  preservative  (Propoflo™  28)  for 

ii)  Cardiovascular effects

extended  28- day  shelf  life.  Caution  with  the 

1)  Direct myocardial depression with indirect 

repeated use of Propoflo 28, as there are previ-

increase  in  cardiac  output,  mean  arterial 

ous reports of benzyl alcohol toxicity due to 

pressure,  pulmonary  arterial pressure, and 

decreased  hepatic  metabolism.  One  study 

heart  rate  through  increased  adrenergic 

found no adverse effects of a single induction 

stimulation.  Increased  work  results  in 

dose of Propoflo 28. 

increased myocardial oxygen demand. 

ii)  Etomidate

iii)  Respiratory

1)  Maintains  cardiovascular  stability  without 

1)  Can  cause  apneustic  breathing  pattern; 

potentiation  of  catecholamine- induced 

endotracheal intubation and airway protec-

arrhythmia. 

tion are recommended. 

2)  Transiently decreases cortisol production at 

iv)  Ketamine

clinical doses. 

1)  Phencyclidine derivative existing as racemic 

3)  Propylene glycol diluent causing high osmo-

mixture of R (−) and S (+) isomers in benze-

lality and risk of hemolysis and hemoglobi-

thonium chloride preservative solution. 

nuria if not appropriately diluted. 

2)  Metabolized  to  active  metabolite,  norketa-

c)  Alfaxan® Multidose

mine,  through  hepatic  demethylation  and 

i)  CNS

excreted largely unchanged in urine. 

1)  Neuroactive synthetic steroid that works to 

v)  Telazol®

modulate neurodepression through GABAA 

1)  Tiletamine,  a  phencyclidine  derivative,  is 

receptor  agonism  through  hyperpolariza-

only available in combination with the ben-

tion  and  inhibition  of  the  neuronal 

zodiazepine zolazepam in the United States. 

excitability. 

2)  Zolazepam  effect  lasts  longer  than  tileta-

ii)  Cardiovascular

mine  in  cats;  therefore,  after  a  period  of 

1)  Mildly  cardiovascular  depression  when 

time,  sedation  resembles  other  benzodiaz-

administered  intravenously.  A  dose- 

epines and emergency delirium. 

dependent reduction of heart rate, CO, and 

3)  Duration is dose- dependent between 30 and 

blood  pressure  can  become  more  evident 

60 minutes. 

when administered concurrently after other 

b)  Hypnotics

anesthetic drugs that have a negative effect 

i)  Propofol

on  the  cardiovascular  system  such  as  ace-

1)  Highly lipid soluble alkyl phenol derivative 

promazine. Hypotension and decreased CO 

acting  at  GABAA receptors causing inhibi-

more  evident  when  supraclinical  doses 

tion  of  postsynaptic  neuron  activity; 

administered. 

decreases  cerebral  perfusion  pressure  and 

2)  Dose- dependent respiratory rate depression 

cerebral metabolic oxygen consumption. 

and  transient  apnea  may  lead  to  hypoxia 

2)  Vasodilation and negative inotropy result in 

associated  with  hypoventilation  (less  than 

decreased blood pressure and can result in 

propofol  and  barbiturates  at  equipo-

systemic  hypotension  at  clinical  induc-

tent doses). 

tion doses. 

iii)  Metabolism

3)  Respiratory  depression  is  associated  with 

1)  Rapid  hepatic  metabolic  clearance  with 

dose  and  rate  of  administration;  transient 

potentially  minimal  metabolism  by  renal 

apnea commonly occurs with increased rate 

and pulmonary tissues. Hepatic disease may 

of infusion. 

prolong recovery. 
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v)  Renal system

approximately  45 minutes.  Less  likely  to 

1)  Minimal  effect  on  renal  blood  flow  and 

accumulate  than  propofol  in  cats  after 

physiology. 

repeated doses or CRI. 

2)  Interaction of sevoflurane with carbon dioxide 

iv)  Recovery

absorbents has been shown to lead to forma-

1)  Increased auditory sensitivity may be seen 

tion of nephrotoxic Compound A (trifluorome-

during recovery in cats administered alfax-

thyl  vinyl  ether)  in  experimental  settings. 

alone either by IM or IV route with twitch-

Highest risk occurs over long periods of anes-

ing,  paddling,  face  rubbing,  opisthotonos, 

thesia  with  rebreathing  system,  low  oxygen 

and  tremors.  The  incidence  of  adverse 

flows, and carbon dioxide absorber with lime. 

behaviors during recovery is reported higher 

No studies or clinical reports of Compound A 

for IV route than IM route. 

toxicity in cats. 

F)  Volatile  anesthetics— isoflurane  (Iso),  sevoflurane 

b)  Isoflurane,  sevoflurane,  and  desflurane  are  the 

(Sevo), and desflurane (Des)

most  commonly  available  volatile  anesthetics  in 

a)  Mechanism of action

the United States. Isoflurane and sevoflurane are 

i)  Exact mechanism is unknown; however, more 

most  commonly  used,  and  desflurane  requires  a 

recent studies suggest they act at protein recep-

specialized  vaporizer  due  to  its  physiochemical 

tors of neuronal tissue as well as GABAA and 

properties. 

NMDA receptors at the level of the brain, spi-

c)  Anesthetic potency is measured by minimum alveo-

nal cord, and synapses. 

lar concentration (MAC). MAC- incision is listed in 

ii)  CNS

Table 6.3. MAC- awake is approximately one third of 

1)  Decreased afferent transmission of noxious 

MAC- incision.  Cats  typically  have  a  higher  MAC 

stimulus from spinal cord to the brain with 

than other domestic species. 

concurrent  decrease  in  efferent  motor 

d)  Solubility  of  inhalants  is  measured  by  blood:gas 

response  to  pain.  Depression  of  neuronal 

partition  coefficient.  Lower  solubility  leads  to  a 

activity with highest level of dampening at 

faster change in alveolar concentrations, leading to 

the  thalamus  and  midbrain  reticular 

a faster induction and recovery period. Solubility: 

formations. 

desflurane < sevoflurane < isoflurane. 

2)  Inhibition  of  presynaptic  neurotransmitter 

G) Airway management

release and postsynaptic channel activity is 

a)  Face mask providing flow by oxygen during sedation 

believed  to  be  through  various  neuronal 

for minor procedures helps maintain oxygenation. 

receptors. 

b)  Cuffed endotracheal tubes maintain a patent airway 

3)  Decreased cerebral metabolic rate and oxy-

with increased protection from fluid or regurgitant 

gen  consumption;  variation  in  cerebral 

from reaching lower airways. Murphy eye endotra-

blood flow is multifactorial. 

cheal tubes are recommended in cats to provide an 

iii)  Cardiovascular system

alternate  route  of  air  flow  if  end  of  endotracheal 

1)  Inhalants cause a dose- dependent reduction 

tube becomes occluded. 

in systemic vascular resistance, mean arte-

c)  Supraglottic  airway  device  (v- gel)  can  be  placed 

rial pressure, and cardiac output. 

with  lower  drug  requirement,  reduced  chance  of 

2)  Desflurane may increase cardiac output or 

heart  rate  through  associated  sympathetic 

stimulation. 

Table 6.3  MAC of commonly used inhalant anesthetics in cats. 

3)  Sevoflurane and desflurane may have lower 

arrhythmogenicity than isoflurane. 

Inhalant

MAC50

iv)  Metabolism

Isoflurane

1.6%

1)  Mainly excreted unchanged in exhaled air. 

Sevoflurane

2.7%

Approximately 2% of sevoflurane undergoes 

hepatic metabolism. 

Desflurane

9.8%
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laryngospasm, and may provide enough of a seal to 

dioxide  absorbent.  Advantages  of  this  system 

mechanically  ventilate.  Disadvantage  of  these 

are  lower  oxygen  flow  rate  and  inhalant 

devices  is  that  they  can  be  easily  dislodged  with 

requirements as well as decrease in waste gas. 

changes in position. 

iii)  Uptake phase flow rate: 1–2 l/min for 15 minutes. 

H) Breathing circuits

iv)  Maintenance  rate:  approximately  30 ml/kg/

a)  Rebreathing

min; no less than 0.5 l/min. 

i)  Circle system allows for rebreathing of exhaled 

b)  Non- rebreathing

gases. Recommended for larger patients due to 

i)  Low- resistance  breathing  system  recom-

increased resistance and work of breathing as a 

mended for patients less than 5 kg b.w.t. 

result  of  a  system  of  absorbent  and  unidirec-

ii)  High  oxygen  flow  rates  required  with  mini-

tional valves. This system removes carbon diox-

mized dead space to move carbon dioxide away 

ide by passing exhaled gas through absorbent 

from patient through expiratory limb of system. 

while  recirculating  some  inhalant  and  fresh 

iii)  Disadvantage  of  high  flow  rate  may  lead  to 

oxygen to patient. 

excessive loss of body heat. 

ii)  One- way  valve  system  allows  unidirectional 

iv)  Minimum  flow  rate:  >250 ml/kg/min;  no  less 

gas flow from expiratory limb through carbon 

than 500 ml/min. 
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Analgesia in the Critically Ill Cat

 Kelley M. Varner and Giacomo Gianotti

 

UNIQUE FEATURES

●  Pain is the emotional and conscious interpretation of nociception. Untreated pain can lead to a variety of behavioral, neural, endocrine, immune, hematologic, and metabolic changes that lead to suffering and distress, as well as delayed wound healing. 



● Assessment of pain in feline patients is particularly challenging due to their behavioral responses to stress and hospitalization. 

Critically ill animals can be even more challenging, as many are weak or obtunded and may not have the ability to respond with dramatic behavior. 



● Each institution should pick a pain scale that works for their hospital, providing training to the staff, and implement its use to guide changes in analgesic protocols, doses, and dosing intervals. 



● The analgesic plan should include agents that target different sites along the pain pathway. The use of multiple agents allows for dose reduction which is particularly important in cats due to their altered drug metabolism and excretion. 

A) Introduction and the physiology of pain

iii)  Modulation occurs within the spinal cord where 

a)  The International Association for the Study of Pain 

it is either inhibited or amplified and projected to 

(IASP) offers one of the most widely accepted defi-

the brain. 

nitions of pain: “Pain is an unpleasant sensory or 

iv)  Perception occurs in the brain where nociception is 

emotional  experience  associated  with  actual  or 

interpreted and becomes a conscious experience. 

potential  tissue  damage  or  described  in  terms  of 

d)  This simple process can be altered by the release of 

such damage.” 

inflammatory mediators and due to the plasticity of 

b)  Pain is the emotional and conscious interpretation 

the  central  nervous  system  through  a  process  of 

of nociception, which means that it is an individual 

sensitization. 

experience.  While  it  is  difficult  for  veterinary 

i)  Peripheral  sensitization  occurs  when  a  noxious 

patients to communicate the emotional experience 

stimulus is powerful enough to result in tissue dam-

of pain, it is generally considered that if a proce-

age.  This  damage  results  in  tissue  inflammation 

dure or disease is considered to be painful to a per-

which leads to a milieu of chemicals to be released. 

son, it should be considered painful to a veterinary 

1)  Prostaglandins,  histamine,  serotonin,  and 

patient. 

bradykinins  are  some  of  the  chemicals  that 

c)  Nociception  is  the  detection  of  noxious  stimuli  by 

make up the so- called “sensitizing soup” that 

the free nerve endings of nociceptors in the periph-

is released from damaged tissues. 

ery.  The  process  of  nociception  is  a  four- step 

2)  Ultimately  these  chemicals  cause  sensitiza-

process— each of these steps is a potential target for 

tion of the nociceptors by reducing the thresh-

analgesic  agents  and  comprises  the  approach  of 

old for action potential generation. 

multimodal analgesia. 

3)  This augments any additional stimulation to 

i)  Transduction  is  the  production  of  an  action 

the site of damage and is termed peripheral 

potential by the nociceptors. 

sensitization. 

ii)  Transmission  is  the  propagation  of  this  action 

–  This  ultimately  may  lead  to  hyperalgesia 

potential to the dorsal horn of the spinal cord. 

and allodynia. 
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ii)  Central sensitization occurs due to the plasticity 

iii)  Wind  up:  is  a  complex  process,  involved  in 

of  the  spinal  cord.  Upon  receiving  a  stimulus 

chronic  pain,  which  increases  the  responsive-

from  the  peripheral  nervous  system,  excitatory 

ness of sensory input to the spinal cord. 

neurotransmitters,  glutamate,  and  substance  P 

iv)  Neuropathic pain: is associated with damage to 

are released on the dorsal horn of the spinal cord. 

components  of  either  the  peripheral  or  central 

N- methyl- D- aspartate  (NMDA)  and  α- amino- 3- 

nervous system. Usually, this is characterized by 

hydroxy- 5- methyl- 4- isoxazolepropionic 

acid 

hyperalgesia and allodynia. 

(AMPA) receptors are stimulated, which leads to 

g)  Consequences of pain and contributing factors. 

the  opening  of  ion  channels  and  phosphoryla-

i)  When left untreated, pain can have several con-

tion of regulatory proteins. 

sequences that can lead to distress and unneces-

1)  Repeated AMPA receptor activation leads to 

sary suffering. 

the  removal  of  magnesium  ions  from  the 

ii)  Stress: is an animal’s biological response to fac-

NMDA receptor allowing for amplification of 

tors that disrupt or threaten homeostasis. 

responses and increased receptive field size of 

iii)  Distress: a state produced when the biologic cost 

the spinal cord. 

of stress negatively affects biologic functions crit-

e)  The type of pain experienced is different based on 

ical  to  the  animal’s  well- being.  This  can  cause 

the  site  of  nociception  and  the  chronicity  of  the 

pain  or  suffering  to  become  unbearable  and 

timeline. It is important to identify the origin of the 

make the animal miserable. 

process, as it will help guide the analgesic protocol, 

iv)  Suffering:  the  endurance  of  or  submission  to 

as certain agents are associated with greater efficacy 

physical or mental stress, pain, or loss. 

in  different  conditions.  For  example,  lidocaine  is 

h)  The stress response is an adaptive pattern of behav-

considered  a  stronger  analgesic  for  visceral  pain 

ioral, neural, endocrine, immune, hematologic, and 

than for somatic pain. 

metabolic changes directed toward the restoration of 

i)  Somatic pain: arises from bone, skin, or muscle. 

hemostasis. 

This  type  of  pain  is  typically  well  located  and 

i)  Pain induced by acute processes such as surgery 

described in terms of being sharp pain. 

or trauma evokes the sympathetic nervous sys-

ii)  Visceral pain: arises from distension, stretching, 

tem,  secretion  of  cortisol,  sodium  and  water 

or inflammation of the visceral organs. This type 

retention,  hypermetabolism,  and  alterations  in 

of pain is poorly localized and described in terms 

protein and carbohydrate metabolism. 

of being dull and aching. 

ii)  When stress is severe or allowed to go untreated, 

iii)  Acute pain: is traditionally associated with sur-

it becomes maladaptive producing self- sustaining 

gery,  trauma,  or  disease.  It  is  physiologic  pain 

neural  and  endocrine  cascades  that  ultimately 

that is protective of the animal. Ultimately, this 

disrupt hemostasis. 

pain  can  evolve  into  inflammatory  pain  and 

iii)  Memory  and  current  physical  status  play  an 

peripheral sensitization. 

important  role  in  the  animal’s  adaptive  and 

iv)  Chronic  pain:  is  the  pain  that  persists  beyond 

behavioral responses. 

what is protective of the animal. Typically occurs 

iv)  Biological components of the stress response:

for weeks, months, or even years beyond the reso-

1)  Intense  pain  stimulation  activates  several 

lution of the original trauma or associated with a 

areas  in  the  brain  including  the  locus  coer-

chronic  disease  process  such  as  osteoarthritis. 

uleus,  limbic  regions,  and  cerebral  cortex 

This  may  progress  to  central  sensitization  and 

through  the  concentration  of  corticotropin- 

wind up. 

releasing factor. 

f)  Due to the plasticity and complex nature of the cen-

–  This  leads  to  increased  release  of  the 

tral and peripheral nervous system, pathologic pain 

adrenocorticotropic  hormone  (ACTH), 

states  may  develop  in  cases  where  analgesia  is 

cortical  norepinephrine,  dopamine,  and 

delayed or inadequate. 

5- hydroxytryptamine. 

i)  Hyperalgesia:  is  an  exaggerated  response  to  a 

2)  Activation of the sympathetic nervous system 

noxious stimulus at the site of injury that may 

leads to increases in heart rate and blood pres-

extend to areas outside the site of injury. 

sure  and  ultimately  increased  myocardial 

ii)  Allodynia: is a process by which stimuli that are 

work and oxygen demand. 

typically  considered  non- painful  result  in  the 

3)  The neuroendocrine axis when stimulated by 

perception of pain. 

corticotropin- releasing  factor  and  vasoactive 
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intestinal  peptide  stimulates  the  pituitary 

each institution to pick one pain scale and become 

gland to release ACTH, melanocortin, prolac-

familiar with it and use it on every patient. 

tin,  vasopressin,  thyroid- stimulating  hor-

d)  Evaluation of physiologic parameters. 

mone, and growth hormone. 

i)  Evaluating physiologic parameters as they relate 

–  This  leads  to  increased  catabolism,  the 

to pain is already in question and can be consid-

mobilization  of  substrates  to  provide 

erably more challenging in critically ill patients. 

energy for tissue repair, and salt and water 

ii)  Often these patients suffer from fluid imbalances 

retention  to  maintain  fluid  volume  and 

and  cardiovascular  disease  that  alter  the  heart 

cardiovascular homeostasis. 

rate  making  this  unreliable.  Additionally, 

v)  The  immune  system  can  be  activated  or 

increases in heart rate associated with pain are 

depressed by stress. 

often present only in those patients who are also 

1)  Chronic pain can produce sustained increases 

showing  obvious  signs  of  distress,  many  criti-

in  catecholamines,  cortisol,  and  glucagon, 

cally ill patients do not have this ability. 

which  leads  to  suppression  of  the  humoral 

1)  When the heart rate declines following admin-

and cellular immune responses. 

istration of an opioid, this is often perceived as 

2)  The release of endogenous opioids may also 

resolution or at least some ease in discomfort. 

play a role in immune suppression. 

2)  However, opioids have activity on the sympa-

3)  Local  inflammatory  responses  to  tissue 

thetic  outflow,  and  often  the  reduction  in 

trauma  lead  to  the  production  of  cytokines. 

heart rate is secondary to these vagomimetic 

IL- 1  and  IL- 6  induce  the  release  of  acute- 

effects. 

phase reactants. 

iii)  Tachypnea is another commonly used marker for 

4)  The acute- phase response leads to the release 

discomfort. However, many critically ill patients 

of  C- reactive  proteins,  fibrinogen,  mac-

also  have  respiratory  or  cardiovascular  condi-

roglobulins,  and  antiproteinases,  which 

tions that may contribute to tachypnea. 

when  produced  in  excess  can  contribute  to 

iv)  Blood pressure has been correlated with pain in 

the development of the severe inflammatory 

feline patients, but can be challenging to repeat-

response syndrome. 

edly perform. 

v)  Increases  in  body  temperature  have  also  been 

B)  Assessment of pain

touted as an indicator of pain, but again many 

a)  Assessment of pain in feline patients is already par-

critically ill patients have alterations in tempera-

ticularly  challenging  due  to  their  behavioral 

ture that are associated with their systemic con-

responses to stress and hospitalization. The critically 

ditions including inflammation and hypothermia 

ill animals can be even more challenging, as many 

following general anesthesia. 

are weak or obtunded and may not have the ability 

1)  Cats are also known for experiencing hyper-

to respond with dramatic behavior. 

thermia after the administration of opioids. 

i)  It is important to remember that some of these 

e)  Behavior changes

patients cannot move, stand, withdraw, or vocal-

i)  Cats evolved as solitary animals and as such have 

ize in response to stimulation such as incisional 

not  developed  the  ability  for  interspecies  and 

palpation. 

intraspecies  social  communication  to  the  same 

b)  It  is  important  to  evaluate  the  patient  initially 

degree as dogs. 

while  they  are  undisturbed.  This  includes  body 

ii)  Behavior changes in cats have been reported to 

position and engagement with their surroundings. 

include  reduction  of  normal  activity,  appetite 

Once  this  initial  evaluation  has  been  performed, 

loss, tendency to hide or evade interaction, exces-

then the cage should be approached, and the cat 

sive licking of the affected area, etc. 

engaged. 

iii)  There is a study about the “half- tucked- up” and 

i)  If the cat is sleeping in a curled- up position, they 

“crouching” positions that are easily recogniza-

should not be interrupted for pain scoring, as the 

ble in painful cats. 

patient is already demonstrating they are com-

1)  These  positions  were  not  seen  before  treat-

fortable enough to sleep peacefully. 

ment,  occurred  with  the  highest  frequency 

c)  There  are  several  validated  pain  scores  for  use  in 

immediately  following  surgery,  were  seen 

acute pain in cats. Each score has its benefits and 

more frequently in patients who received no 

drawbacks. Likely, the most important thing is for 

postoperative  analgesia,  and  seemed  to 
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decline in frequency following administration 

iv)  Colorado State University Feline Acute Pain Scale

of the analgesia. 

1)  Components

f)  Feline acute pain scales

–  Assess psychologic and behavioral compo-

i)  Glasgow CMPS- Feline

nents  including  resting  body  position, 

1)  Components

interaction  with  surroundings,  vocaliza-

–  Vocalization,  posture  and  activity,  atten-

tion,  and  responsiveness.  It  also  assesses 

tion to wound, ear position, the shape of 

responses to palpation and body tension. 

muzzle,  response  to  interaction  with  the 

2)  A score equal to or greater than 2/5 requires 

observer, palpation of the painful area, and 

intervention. 

qualitative behavior. 

3)  Found  to  have  moderate  to  good  inter- rater 

2)  Observation  of  the  cat  begins  with  them 

reliability  when  used  by  veterinarians  to 

undisturbed and is followed by interaction. 

assess pain level or need to reassess the anal-

–  Each item is scored and then summed to 

gesic plan. 

develop the score of the cat. 

g)  See Table 7.1 – Acute Pain Scales for cats. 

–  Intervention  occurs  when  the  score  is 

greater than or equal to 5/20. 

C)  The approach to multimodal analgesia

3)  The scoring system is easy to use and has been 

a)  The analgesic plan should include agents that target 

validated for use in acute pain in cats. 

different sites along the pain pathway. The use of mul-

ii)  UNESP- Botucatu MCPS

tiple agents allows for dose reduction which is par-

1)  Components

ticularly important in cats due to their altered drug 

–  Reaction to palpation of the flank, reaction 

metabolism and excretion when compared to dogs. 

to palpation of the surgical wound, vocali-

i)  This is likely of particular importance in patients 

zation, posture, comfort, activity, attitude, 

suffering from hepatic and renal insufficiency. 

appetite, and blood pressure. 

b)  Most analgesic plans consist of two to four agents 

2)  Evaluation  starts  by  observing  the  undis-

that act on separate levels of the pain pathway. 

turbed cat and then the cat is approached for 

i)  The appropriate opioid is usually the foundation 

the evaluation of the remaining items. 

of every analgesic protocol. 

–  Each item is scored from 0 to 3. The sum of 

1)  While this is traditional, they are not always 

all these scores is the final score of that cat. 

required, particularly in situations where the 

–  Intervention  is  recommended  at  a  score 

patient  has  been  provided  a  locoregional 

equal to or greater than 7/20 unless bleed 

anesthetic technique and a nonsteroidal anti- 

pressure is not included, and then it is 6/20. 

inflammatory agent. 

3)  The score was developed for use in cats with 

ii)  In any condition where inflammation is present, 

postoperative pain. 

and the patient is a good candidate, a non- steroidal 

4)  Video- based  training  of  the  scale  is  availa-

anti- inflammatory  drugs  (NSAID)  is  usually  the 

ble online. 

second component of an analgesic plan. 

iii)  Feline Grimace Scale

iii)  Appropriate  locoregional  techniques  including 

1)  Components

epidurals  and  nerve  blocks  halt  nociceptive 

–  Ear position, orbital tightening, muzzle ten-

transmission and have been gaining popularity, 

sion, whisker position, and head position. 

particularly as opioid availability has become so 

2)  Each  component  is  rated  0–2,  0  =  absent, 

variable. 

1  =  moderate  appearance,  2  =  obvious 

iv)  Finally,  an  adjunctive  agent  can  be  added 

appearance. 

depending on the need and the disease process. 

–  The final score is the sum of scores divided 

1)  These agents include alpha- 2 agonists, disso-

by the number of scored action units. 

ciative anesthetics, and anticonvulsants. 

–  Intervention is recommended with a score 

D) Systemic options for analgesia

>0.39/1.0. 

a)  Opioids

3)  This  scale  is  easy  and  quick  to  use,  and  is 

i)  Act at spinal and supraspinal sites leading to a 

reported  to  have  high  discriminative  ability, 

reduction in cAMP formation, membrane hyper-

good  overall  inter- rater  and  intra- rater 

polarization,  inhibit  voltage- sensitive  Ca2+ 

reliability. 

channels, and depress terminal release of neuro-

4)  Training is available with the original article. 

transmitters from the cell. 
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Table 7.1  Acute pain scales for cats. 

Pain scale

Components

Observation

Intervention score

Training available

Glasgow 

Vocalization

Begins with observing the 

>5/20

No

CMPS- Feline

Posture and activity

cat prior to interaction

Attention to wound



Ear position

Then the observer interacts 

Shape of muzzle

with the patient

Interaction with observer



Palpation of painful area

Each item is scored and 

Qualitative behavior

then summed

UNESP- Botucatu 

Reaction to palpation of 

Evaluation begins with the 

>7/20

Video- based training is 

MCPS

the flank and wound

cat undisturbed



available online

Vocalization



If unable to obtain 

Posture

Each item is scored 0–3 and  blood pressure >6/20

Activity

then summed

Attitude

Appetite

Blood pressure

Feline Grimace 

Ear position

Each component is rated 

>0.39/1

Training is available with 

Scale

Orbital tightening

0–2 and then summed. This 

the original article

Muzzle tension

sum is then divided by the 

Whisker position

number of scored units

Head position

Colorado State 

Resting body position

Scale of 1–5

>2/5

No

University Feline 

Interaction with 



Acute Pain Scale

surroundings

However, this is a very 

Vocalization

simple scale and minimal 

Responsiveness to 

training is required

palpation

Body tension

ii)  In  cats,  opioids  evoke  sympathetic  stimulation 

v)  Morphine

and  responses  can  include  mydriasis  and 

1)  Pure mu agonist, this drug is the prototype to 

increases in blood pressure and heart rate. 

which all other opioids are compared in terms 

iii)  Behavioral  changes  can  be  seen  in  cats  when 

of potency. 

administered  opioids.  Often  these  are  signs  of 

2)  Most  commonly  administered  via  the  epi-

euphoria  and  include  purring,  kneading,  and 

dural or spinal route. 

rubbing against objects or caregivers. However, 

3)  Rapid  IV  administration  is  associated  with 

signs  of  dysphoria  can  also  be  seen  with  cats 

histamine release and vomiting. 

demonstrating signs of fear and anxiety includ-

vi)  Methadone

ing vocalization. 

1)  Pure mu agonist with NMDA receptor antag-

iv)  Additionally, some of the pure mu agonists (mor-

onism (like ketamine). 

phine, hydromorphone, and oxymorphone) can 

2)  This  agent  is  not  associated  with  histamine 

cause nausea, vomiting, and excessive salivation 

release. 

in these patients. In humans, nausea is consid-

3)  Not  associated  with  nausea  or  vomiting,  so 

ered to be highly uncomfortable and distressing, 

may  be  a  benefit  in  patients  suffering  from 

and it is reasonable to assume this is also true of 

gastrointestinal (GI) disease. 

our feline patients. These agents should be used 

vii)  Hydromorphone

in  combination  with  an  anti- emetic  such  as 

1)  Pure  mu  agonist  that  is  five  to  seven  times 

maropitant. 

more potent than morphine. 
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2)  Very  effective  analgesic  and  has  a  relatively 

–  Should buprenorphine not provide enough 

long duration of action. 

analgesia, additional agents will have to be 

3)  Associated with significant nausea and vomit-

administered until buprenorphine activity 

ing  following  administration.  This  is  more 

decreases in 4–8 hours. 

likely when administered via the intramuscular 

4)  Relatively  good  oral  bioavailability  when 

route or when injected rapidly intravenously. 

administered via the orotransmucosal route. 

–  Maropitant  has  been  demonstrated  to 

5)  Euphoria  is  commonly  observed  after 

reduce  the  incidence  of  vomiting  in  cats 

administration. 

that  are  pretreated  before  morphine  and 

6)  Simbadol  is  a  sustained- release  option  and 

dexmedetomidine administration. 

provides up to 24 hours of analgesia. 

–  Maropitant  has  been  demonstrated  to 

xii)  Butorphanol

reduce the  incidence of  vomiting in  dogs 

1)  Kappa agonist, mu antagonist. 

receiving hydromorphone. 

2)  Limited analgesic efficacy. 

4)  Hydromorphone  has  been  associated  with 

–  Suitable  for  sedation  for  nonpainful 

hyperthermia  in  cats  following  its 

procedures. 

administration. 

3)  It can be used to reverse dysphoria or overse-

viii)  Oxymorphone

dation caused by pure mu- opioid agonists. 

1)  Pure mu agonist, ten times more potent than 

–  0.03 mg/kg  diluted  to  5 ml  in  0.9%  saline 

morphine. 

and slowly titrated until signs resolve. 

2)  Similar to hydromorphone; anecdotal evidence 

–  Repeated  pain  scoring  is  required  follow-

would suggest that less vomiting is noted with 

ing this to ensure appropriate analgesia is 

this agent compared to hydromorphone. 

maintained. 

ix)  Fentanyl

xiii)  Tramadol

1)  Pure mu agonist. 

1)  Available in oral and injectable formulations. 

2)  The relatively short duration of action makes 

–  Most commonly used as an option for oral 

it ideal for constant rate infusion (CRI). 

administration. 

3)  Related with dysphoria at high doses. 

2)  Weak opioid agonist and a serotonin and nor-

x)  Remifentanil

epinephrine reuptake inhibitor. 

1)  Synthetic pure mu agonist. 

–  Risk  of  developing  serotonin  syndrome 

2)  Administered as a CRI. 

when  administered  with  other  serotonin 

–  Undergoes  rapid  plasma  hydrolysis  by 

inhibitors, monoamine oxidase inhibitors, 

plasma  esterases,  means  a  rapid  offset  of 

and tricyclic antidepressants. 

action after the termination of the infusion. 

3)  The very bitter taste limits its utility, as cats may 



●

Good  choice  for  animals  with  hepatic 

salivate profusely after drug administration. 

dysfunction. 

xiv)  Naloxone



●

The appropriate analgesic plan must be in 

1)  Antagonizes mu and kappa opioid receptors. 

place before the termination of infusion, 

2)  Used for the reversal of pure mu opioids, but 

as even after hours of infusion, activity is 

can also be used to antagonize butorphanol. 

terminated in approximately 5 minutes. 

3)  Can be administered as a bolus injection, or 

3)  Bolus injection results in profound bradycar-

diluted in 0.9% saline and titrated to effect. 

dia and should be avoided. 

xv)  See Table 7.2 – Commonly used opioid doses

4)  Ideally, this is run through a catheter that is 

b)  NSAIDs

not  used  for  the  administration  of  intrave-

i)  These  agents  are  widely  used  for  their  anti- 

nous fluids or other medications to decrease 

inflammatory, antipyretic, and analgesic effects. 

the risk of an accidental bolus. 

ii)  Associated  with  a  large  number  of  potential 

xi)  Buprenorphine

adverse effects including gastrointestinal irritation, 

1)  Partial mu agonist, kappa antagonist. 

protein- losing enteropathy, and renal damage. 

2)  Acceptable  for  the  management  of  mild  to 

1)  Because  of  these  effects,  their  utility  in  the 

moderate pain. 

critically ill is often limited. 

3)  Once administered binds tightly to mu- opioid 

2)  Caution should be used when administering 

receptors and will outcompete pure mu ago-

these agents to patients with signs of hypov-

nists that are administered. 

olemia,  hypotension,  coagulopathies,  and 

–  A ceiling effect on analgesia is observed. 

renal or hepatic dysfunction. 
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Table 7.2  Commonly used opioid doses. 

Drug

Dose

Route

Interval

Side effects/comments

Morphine

0.1–0.5 mg/kg

IM, SC

4–6 hours

Histamine release

0.1–0.2 mg/kg/h

IV

8–12 hours

Urine retention

0.1 mg/kg

Epidural

Methadone

0.1–0.5 mg/kg

IM, SC, IV

4–6 hours

NMDA antagonist activity

0.1–0.2 mg/kg

Epidural

4 hours

Minimal nausea/vomiting

Hydromorphone

0.05–0.1 mg/kg

IM, SC, IV

4–6 hours

Hyperthermia

Oxymorphone

0.05–0.2 mg/kg

IM, SC, IV

4–6 hours

Fentanyl

3–5 μg/kg

IV

5–90 minutes

Marked bradycardia can be seen 

2–10 μg/kg/h

CRI

with bolus injection

Remifentanil

2–10 μg/kg/h

IV

CRI

Bolus administration should

be avoided— severe bradycardia

Buprenorphine

0.01–0.02 mg/kg

IM, SC, IV, OTM

6–8 hours

Long time interval to onset

of action (30–40 minutes)

Butorphanol

0.1–0.5 mg/kg

IM, SC, IV

2–4 hours

Analgesic potential is limited

3)  Dehydration and hypovolemia should always 

vii)  Ketoprofen

be corrected before administration. 

1)  Can  be  used  for  relief  of  acute  pain  and 

4)  Administration  of  oral  agents  should  be 

inflammation associated with musculoskele-

done with food, as gastrointestinal irritation 

tal disorders. 

is common. 

2)  Can be administered by subcutaneous injec-

iii)  Monitoring

tion once daily for up to 3 days. 

1)  While the risk of healthy cats developing renal 

3)  It can be administered orally for up to 5 days. 

injury  following  administration  of  appropri-

viii)  Acetylsalicylic acid

ately dosed NSAIDs is low, it is recommended 

1)  Not approved for use in cats. 

that baseline values of serum creatinine, blood 

2)  Commonly used as an antithrombotic agent 

urea nitrogen (BUN), and symmetric dimethy-

to help prevent thromboembolism associated 

larginine (SDMA) be obtained in combination 

with cardiomyopathy. 

with a urine- specific gravity. 

3)  Administered orally every 72 hours with no 

iv)  Meloxicam

restriction on the duration of administration. 

1)  Cyclooxygenase- 2 (COX- 2) preferential agent. 

c)  Dissociative anesthetics

2)  Can be administered by subcutaneous injection 

i)  NMDA receptors are activated during excitatory 

once for treatment of mild to moderate pain. 

neurotransmission and when sustained nocicep-

–  This  can  be  followed  by  once- daily  oral 

tion  occurs,  and  they  are  involved  in  central 

dosing for 4 days. 

sensitization. 

3)  Partially excreted through the fecal route, so 

1)  NMDA receptor antagonists such as ketamine 

originally was thought to be preferred in cats 

may  have  utility  in  the  management  of 

with renal dysfunction. 

chronic pain and the wind- up phenomenon. 

v)  Robenacoxib

2)  While these agents may have utility as adjunc-

1)  COX- 2 selective agent. 

tive  agents,  they  should  never  be  used  as  a 

2)  It can be administered by subcutaneous injec-

stand- alone analgesic. 

tion  once  followed  by  once- daily  oral 

ii)  Ketamine

administration. 

1)  NMDA receptor antagonist. 

3)  Good for the treatment of pain and inflamma-

2)  Most  commonly  used  as  a  CRI  in  patients 

tion associated with musculoskeletal disorders. 

with pain that is refractory to treatment with 

vi)  Carprofen

opioids, NSAIDs, and alpha- 2 agonists. 

1)  Can be administered by subcutaneous injec-

3)  Likely, most efficacious in conditions where 

tion  once  for  the  management  of  postsurgi-

the patient is suffering from chronic pain and 

cal pain. 

wind- up. 
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iii)  Amantadine

–  Have been shown to be beneficial in cats 

1)  It has a relatively low affinity to NMDA recep-

suffering  from  obstructive  hypertrophic 

tors, but has shown promise in the treatment 

cardiomyopathy  at  maintaining  myocar-

of neuropathic pain in veterinary species. 

dial  perfusion  and  decreasing  myocardial 

2)  Has  been  associated  with  reduced  opioid 

oxygen demand. 

requirements in humans. 



●

These benefits are not seen in cats suf-

d)  Anticonvulsants

fering from restrictive cardiomyopathy. 

i)  Gabapentin

5)  Often many stressed patients benefit from the 

1)  Gabapentin  is  an  analog  of  the  inhibitory 

sedation  of  dexmedetomidine  to  improve 

neurotransmitter   γ- aminobutyric  acid,  but 

their comfort in the hospital setting. 

does not exhibit activity on GABA receptors. 

ii)  Atipamezole

2)  Acts  primarily  by  binding  to  voltage- gated 

1)  Reversal  agent  for  dexmedetomidine  and 

calcium channels. 

medetomidine. 

3)  It can be used for the management of acute 

2)  It should be administered intramuscularly, as 

and chronic pain. 

intravenous administration can result in pro-

–  It should not be used as a sole agent in the 

found and refractory hypotension. 

management of acute postoperative pain. 

f)  See  Table  7.3  –  Oral  dosages  for  NSAIDs  and 

–  A  good  oral  alternative  for  the  manage-

Adjunctive agents. 

ment of chronic pain. 

g)  See Table 7.4 – Doses for CRIs of adjunctive agents

4)  Has been shown to improve activity levels in 

cats suffering from osteoarthritis. 

E)  Locoregional techniques

5)  The administration of this agent can be asso-

a)  Local anesthetics

ciated with sedation. 

i)  Local anesthetics prevent nociceptive transmis-

e)  Alpha- 2 agonists

sion  and  are  the  only  pharmacologic  agents 

i)  Dexmedetomidine and medetomidine

available  that  terminate  nociceptive  signals  at 

1)  Commonly used for premedication and sedation. 

the source. 

2)  Provide excellent muscle relaxation and anal-

ii)  Local anesthetics may be administered by a vari-

gesia and is an excellent adjunct to an opioid 

ety of routes:

for the management of pain in feline patients. 

1)  Topical administration of lidocaine- prilocaine 

3)  Nausea and vomiting are associated with bolus 

(EMLA) cream. 

administration of dexmedetomidine in cats. 

2)  Local infiltration. 

4)  Reductions in heart rate and cardiac output 

3)  Target perineural administration. 

are  associated  with  bolus  injections  and  are 

4)  Fascial plane blocks. 

limited when administered as a CRI. 

5)  Epidural or spinal administration. 

Table 7.3  Oral dosages for NSAIDs and adjunctive agents. 

Drug

Dose

Route

Interval

Side effects/comments

Tramadol

2–4 mg/kg

PO

6–12 hours

Avoid use with selective serotonin reuptake 

inhibitors (SSRI) and monoamine oxidase inhibitors 

(MAO) inhibitors

Gabapentin

10 mg/kg

PO

12 hours

Can cause sedation

Amantadine

2–5 mg/kg

PO

24 hours

May be of benefit with neuropathic pain

Meloxicam

0.3 mg/kg

SC

Once

May be followed by 0.05 mg/kg PO for 4 days

0.1 mg/kg

PO

Once



0.05 mg/kg

PO

q24 h

After oral loading, dose may be continued long term

Robenacoxib

1 mg/kg

PO

q24 h

Up to 6 days

2 mg/kg

SC

Once

Once

Carprofen

4 mg/kg

SC

Once

Once only

Ketoprofen

2 mg/kg

SC

q24 h

Up to 3 days

1 mg/kg

PO

q24 h

Up to 5 days

Acetylsalicylic acid

1–25 mg/kg

PO

q72 h

Indefinite duration
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Table 7.4  Doses for CRIs of adjunctive agents. 

1)  Lidocaine has a quick onset of action, but a 

short duration of action. 

Drug

Dose

Route Interval

–  Dose 1–4 mg/kg. 

–  Intravenous lidocaine has shown promise 

Dexmedetomidine 0.25–1 μg/kg

IV

Bolus as needed

as  an  analgesic;  however,  due  to  reduced 

0.25–3 μg/kg/h

IV

CRI

metabolism, it is not recommended for CRI 

Ketamine

0.3–0.6 mg/kg

IV

Once

in cats due to the potential for cardiovascu-

0.1–0.6 mg/kg/h IV

CRI

lar toxicity. 

2)  Bupivacaine has a slower onset of action, but 

a longer duration of action. 

6)  Intrapleural administration through chest tubes. 

–  Dose 1–2 mg/kg. 

7)  Administration  directly  into  the  wound  via 

–  Care should be taken to prevent inadvert-

wound- soaker catheters. 

ent intravenous administration due to bupi-

8)  Intravenous administration of lidocaine. 

vacaine’s profound cardiovascular toxicity. 

iii)  Ideally, patients undergoing anesthesia for sur-

3)  Dexmedetomidine  may  be  added  to  local 

gery  should  have  an  appropriate  locoregional 

anesthetics to prolong their duration of action. 

technique  performed  as  part  of  a  multimodal 

–  Dose: 1 μg/1 ml of local anesthetic. 

analgesic strategy. 

b)  Epidural administration of analgesics

1)  This may include ultrasound- guided blockade 

i)  Typically,  local  anesthetics  and/or  opioids  are 

of the saphenous and sciatic nerves of the pel-

administered  through  the  lumbosacral  space; 

vic limb or radial- ulnar- musculocutaneous and 

however,  in  cats,  the  dural  sac  extends  further 

medial (RUMM) blocks in the thoracic limb. 

caudal than in the dog, and so there is increased 

2)  For abdominal procedures, transverse abdom-

risk of dural sac puncture and administration of 

inal  plane  blocks  provide  desensitization  of 

intrathecal drugs. 

the ventral abdomen. 

1)  If cerebro- spinal fluid (CSF) is noted, then the 

3)  Intercostal nerve blocks can provide analgesia 

dose should be decreased to half of the epi-

for  patients  undergoing  lateral  thoracotomy 

dural dose before administration. 

procedures. 

ii)  The sacrococcygeal space is easily accessed in the 

4)  Local infiltration can be performed at the site 

cat  and  epidural  administration  of  drugs  from 

of the surgical incision for the placement of 

this  location  is  easily  performed  using  a  nerve 

chest tubes or central lines. 

stimulator. 

5)  Epidural administration of opioids and local 

iii)  One publication has shown promise in providing 

anesthetics can provide 12–24 hours of anal-

analgesia and facilitation of urinary catheteriza-

gesia for patients undergoing procedures on 

tion in cats with urethral obstructions. 

the pelvic limb, abdomen, and thorax. 

iv)  Contraindications

–  The  utilization  of  an  epidural  catheter 

1)  Local infection. 

allows  for  repeated  administration  of 

2)  Sepsis. 

analgesics. 

3)  Bleeding disorders. 

6)  Complete details on how to perform these tech-

4)  Hypovolemia/shock. 

niques can be found in Barr and Gianotti (2019). 

v)  Drugs

iv)  In situations where a locoregional block cannot 

1)  All  drugs  administered  through  this  route 

be  performed,  utilization  of  liposomal  bupiv-

should be preservative- free due to the risk of 

acaine can greatly benefit critically ill patients. 

neural toxicity of the preservatives. 

1)  Liposomal  bupivacaine  can  provide  up  to 

2)  Local anesthetics can be administered at low 

72 hours of analgesia at the incision site. 

volumes for coverage of the pelvic limb. Caution 

2)  It is infiltrated at the incisional site in each tis-

should be used when the epidural is necessary 

sue layer at a dose of 0.4 ml/kg. 

for  coverage  of  thoracic  pain,  as  local  anes-

3)  At this time, it is not recommended to infil-

thetics can cause weakness of the respiratory 

trate this agent in wounds that are infected or 

muscles necessitating mechanical ventilation. 

are considered contaminated. 

c)  Wound- soaker catheters

v)  Lidocaine  and  bupivacaine  are  the  two  most 

i)  Wound- soaker catheters can be placed at the time 

commonly  utilized  local  anesthetics  in  veteri-

of surgery in sites of large wounds that are not 

nary patients. 

easily covered by other locoregional techniques. 
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ii)  These catheters are a potential source of infec-

1)  Methadone: 0.1–0.2 mg/kg IV q4–6h. 

tion and should only be maintained for 2–3 days 

2)  Hydromorphone: 0.01–0.05 mg/kg IV q4–6h. 

postoperatively. 

3)  Fentanyl CRI: 0.1–0.3 μg/kg/min. 

iii)  Bolus administration of 1 mg/kg of bupivacaine 

ii)  Dexmedetomidine:  loading  dose  1 μg/kg  IV, 

every 8 hours may be performed or a CRI of lido-

followed by CRI at 0.25–1 μg/kg/h. 

caine may be used. 

1)  One  may  consider  doing  a  ketamine  CRI 

d)  Intrapleural administration

should  the  patient  be  a  poor  candidate  for 

i)  Thoracic surgery can be very painful and patients 

dexmedetomidine. 

who undergo median sternotomies are some of 

iii)  Maropitant— NK1 

receptor 

antagonist— 

the most challenging patients when it comes to 

decreases incidence of vomiting associated with 

managing their comfort. 

opioid administration and may play a role in pro-

ii)  Those  with  indwelling  chest  tubes  can  benefit 

viding visceral analgesia. 

from the administration of local anesthetics into 

iv)  Once eating, consider transitioning to tramadol 

the pleural cavity. 

and gabapentin for analgesia at home. 

iii)  Bupivacaine  can  be  administered  at  a  dose 

c)  Cat with chronic osteoarthritis

of 1.5 mg/kg through the chest tube followed by 

i)  The long- term use of NSAIDs in cats is contro-

2–5 ml of 0.9% saline every 4–6 hours as needed. 

versial; however, these are the only agents proven 

e)  See  Table  7.5  –  Local  anesthetic  doses  for  locore-

to  decrease  pain  scores  in  cats  suffering  from 

gional administration. 

chronic osteoarthritis. 

1)  Serial serum chemistries to assess changes in 

F)  Example protocols

renal  values  along  with  urinalysis  are  indi-

a)  Blocked cat

cated in any cat that is maintained on NSAIDs 

i)  Buprenorphine IV 0.01–0.03 mg/kg q8h. 


long term. 

ii)  Sacrococcygeal  epidural  with  0.5%  bupivacaine 

2)  Titration to the lowest effective dose should 

0.2 ml/kg. 

be the goal; many cats do well on every other 

iii)  A dexmedetomidine CRI can be considered par-

day dosing of NSAIDs. 

ticularly in those patients that are very stressed 

3)  Maintaining  hydration  is  of  utmost  impor-

and  are  at  risk  of  pulling  out  their  urinary 

tance; encouraging drinking with fresh circu-

catheters. 

lating water and the addition of wet food to 

1)  1 μg/kg  bolus  IV  followed  by  CRI  at 

the diet should be considered. 

0.25–1.0 μg/kg/h. 

ii)  Gabapentin has not been shown to decrease pain 

iv)  Maropitant— NK1  receptor  antagonist— decreases 

scores, but has been shown to improve activity 

incidence  of  vomiting  associated  with  opioid 

scores. Gabapentin is primarily renally excreted, 

administration  and  may  play  a  role  in  providing 

and so lower doses should be considered in cats 

visceral analgesia. 

with renal insufficiency. 

b)  Postoperative GI foreign body

iii)  Tramadol  can  also  be  considered  in  those  that 

i)  Opioid: may choose a bolus dose or CRI depend-

are  particularly  painful;  however,  it  has  a  very 

ing on equipment/staffing. 

bitter taste and is often not well tolerated. 

Table 7.5  Local anesthetic doses for locoregional administration. 

Procedure

Indications

Drugs

Dose

Epidural

Hindlimb, perineal surgery/trauma

Morphine

0.1–0.15 mg/kg

Caudal

Buprenorphine

0.004–0.012 mg/kg

Bupivacaine

0.5–1.0 mg/kg

Epidural

Sternotomy, cranial abdominal surgery

Morphine

0.1–0; 15 mg/kg

High

Buprenorphine

0.004–0.012 mg/kg

Interpleural

Chest trauma, thoracotomy

Bupivacaine

1.5 mg/kg
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8

Fluid Therapy

 Garret Pachtinger

UNIQUE FEATURES



● Compared to dogs, cats are more susceptible to fluid overload resulting in respiratory distress. Therefore, the patient should be monitored closely when using crystalloids, colloids, or other fluid therapies (e.g., blood products). 



● Feline vascular volume (40–60 ml/kg) differs from canine vascular volume (90 ml/kg). As a result, fluid resuscitation needs will differ between cats and dogs. 



● Physiologic responses in shock may be variable in the cat (i.e., while the physiologic response to decreased cardiac output in most species is tachycardia, cats can have a normal or bradycardic response to shock). 

The  goal  of  fluid  therapy  is  to  expand  intravascular  vol-

c)  Can  be  used  as  maintenance  or  replacement 

ume,  restore  circulatory  function,  and  ultimately  deliver 

solutions. 

oxygen to tissues. 

d)  Crystalloid solutions can be divided into specific cat-

In the clinical setting, this translates to:

egories (isotonic, hypotonic, or hypertonic) based on 

A) Providing  for  normal  ongoing  losses  (maintenance) 

the sodium concentration and osmolality of the fluid:

until the patient becomes self- sufficient with oral intake. 

i)  Isotonic crystalloids contain a sodium concen-

B)  Replacing existing fluid deficits. 

tration or osmolality similar to that of the cells 

C)  Replacement  of  fluid  losses  due  to  ongoing  disorders 

in the body. This is the most common fluid type 

such as vomiting, diarrhea, or urinary losses during the 

used in veterinary medicine. Examples include 

illness and fluid therapy plan. 

Normosol- R, 0.9% NaCl, Plasma- Lyte 148, and 

lactated Ringer’s solution (LRS). 

Although in most situations the importance of fluid ther-

ii)  Hypotonic  solutions  contain  a  lower  sodium 

apy is quite clear, there are different opinions regarding the 

concentration  or  osmolality  than  the  cells  of 

type of fluid, volume of fluid, and rate of fluid to be admin-

the body (0.45% NaCl, D5W). 

istered. Fortunately, as long as the heart and kidneys are 

iii)  Hypertonic solutions contain a higher concen-

working  appropriately,  normal  homeostatic  mechanisms 

tration of sodium or osmolality than cells of the 

allow a reasonable margin of error in the estimation of the 

body (i.e., 7.2–23% NaCl). 

fluid deficit and therapy required. 

e)  Using isotonic crystalloids, only one- third of the vol-

A) Crystalloid solutions (Table 8.1)

ume administered remains within the intravascular 

a)  Isotonic crystalloid, electrolyte solutions are consid-

space  1  hour  after  administration;  therefore,  larger 

ered  the  mainstay  of  fluid  therapy  in  veterinary 

volumes need to be used as compared to other types 

medicine. 

of fluid (Griffel and Kaufman 1992; Elgart 2004). 

b)  Consist primarily of water with a sodium or glucose 

f)  Examples of situations when crystalloid fluid ther-

base, plus the addition of other electrolytes and/or 

apy is indicated include volume depletion second-

buffers. 

ary to the losses associated with vomiting, diarrhea, 
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Table 8.1  Fluid categories. 

Table 8.2  Shock doses of intravenous fluids.  a

Type of solution

Examples

Fluid type

Dose

Crystalloid

Isotonic 

40–60 ml/kg; ¼ to ⅓ given over 20–30 minutes. 

Isotonic

Normosol- R®, 0.9% NaCl, Plasma- Lyte 

crystalloid

Reassess patient to determine need for 

148®, lactated Ringer’s solution (LRS)

additional bolus or placement of fluid rate. 

Hypertonic

7.27–23% NaCl

Synthetic 

2–5 ml/kg given over 20–30 minutes. Reassess 

colloid

patient to determine need for additional bolus 

Hypotonic

0.45% NaCl, D5W

or placement of fluid rate. 

Colloid

Hypertonic 

2–3 ml/kg given over 20–30 minutes. Reassess 

Natural

Albumin

saline 

patient to determine need for additional bolus 

Synthetic

Hetastarch, dextrans, gelatins

(7.2%)

or placement of fluid rate. 

Other

Packed red blood cells, plasma, PPN

 a Doses are dependent on patient- type and fluid- type and may need to be altered based on underlying conditions such as cardiac disease. 

third spacing, or diuresis (polyuria), as well as for 

increase the albumin to 2.5 g/dl (calculated 

replacement  of  intravascular  volume  seen  with 

using the following formula: albumin defi-

losses in shock and hemorrhage. 

cit = 10 × [desired Alb − patient Alb] × body 

g)  Shock dose: 40–60 ml/kg in the cat. Most patients 

weight (kg) × 0.3). 

do not require the entire shock dose, and it is advis-

3)  Although  administration  of  plasma  is  the 

able  to  divide  the  total  shock  volume  into  two  to 

optimal  choice  for  albumin  replacement, 

four aliquots, giving each over 20–30 minutes and 

the  cost  of  plasma,  its  limited  supply,  and 

reassessing the patient between each increment to 

the  amount  necessary  to  increase  colloid 

determine its effectiveness. 

osmotic pressure make plasma an unrealis-

i)  An example would be to give a 5- kg cat in shock 

tic choice for colloid fluid therapy. 

75–100 ml over approximately 30 minutes and 

ii)  Synthetic: there are three types of synthetic col-

then  reassess  to  determine  effectiveness  and 

loids (gelatins, hydroxyethyl starches (HES), and 

future plan. 

dextrans).  The  hydroxyethyl  starches  are  the 

B)  Colloid solutions

most common synthetic colloid used in veteri-

a)  When  compared  to  crystalloids,  colloids  contain 

nary medicine. They can be further divided into 

larger molecular weight substances, remain in the 

distinct categories based on the degree of substi-

intravascular  space  longer,  increase  oncotic  pres-

tution  (of  hydroxyl  with  hydroxyethyl  groups) 

sure,  and  increase  vascular  volume  by  retaining 

and the organization of that substitution on vari-

fluid  within  the  vascular  space  (Rizoli  2003; 

ous carbon positions, termed the C2:C6 ratio. 

Concannon et al. 1992). 

1)  Initial  boluses  of  hetastarch  or  VetStarch 

b)  Colloid  therapy  is  often  used  in  conjunction  with 

given  at  a  dosage  of  2–5 ml/kg  given  over 

crystalloid  fluid  therapy  because  colloids  provide 

15–20 minutes can be used in the cat. 

intravascular volume, while crystalloids correct both 

2)  Maintenance  therapy  at  0.5–2 ml/kg/h  can 

intravascular and extravascular deficits (Table 8.2). 

be used for oncotic support. 

c)  Use of colloids is generally considered when there is 

e)  Currently, synthetic colloid therapy is a controversial 

a  low  colloid  osmotic  pressure  (<15 mmHg),  or  a 

topic in medicine. Recent human studies have ques-

low total protein (<3.5–4), or when edema develops 

tioned  the  safety  of  synthetic  colloids,  particularly 

following administration of isotonic crystalloids. 

when  administered  to  critically  ill  patients  (Jones 

d)  Colloids can be divided into two categories:  natural 

et al. 1997; Zarychanski et al. 2013). The controversy 

and synthetic. 

stems  from  adverse  effects,  notably  a  potential 

i)  Natural:  albumin  is  the  only  naturally  occur-

increased risk of acute kidney injury (AKI). 

ring colloid. 

f)  With the concern for illness as a result of HES solu-

1)  At this time, no species- specific albumin is 

tions, several veterinary studies have attempted to 

available for cats. 

investigate whether our patients may also be at the 

2)  Plasma contains approximately 25–30 g/l of 

risk.  Two  published  studies  have  investigated 

albumin. If a 5- kg cat has a serum albumin 

the  effects  of  synthetic  colloids  on  canine  renal 

of  1.5 g/dl,  the  cat  would  require  approxi-

function.  One  retrospective  study  in  dogs  did  not 

mately 0.5 l of fresh frozen plasma (FFP) to 

show an increased risk of developing AKI with the 
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use of HES (Sigrist et al. 2017a,b). Another study 

Table 8.3  Shock categories and causes. 

did  show  that  dogs  receiving  HES  (10%  250/0.5) 

were at an increased risk of death and AKI com-

Category

Cause

pared to dogs that did not receive HES with similar 

disease severity during the same time period (Hayes 

Hypovolemic 

Loss of intravascular volume from 

et al. 2016). 

shock

hemorrhage, vomiting, diarrhea, and severe 

polyuria without adequate polydipsia

g)  Two retrospective studies have also been published 

Cardiogenic 

Cardiac disease leading to a reduced cardiac 

evaluating  the  effect  of  HES  on  renal  function  in 

shock

output

cats,  neither  of  which  found  an  association  with 

Distributive 

SIRS, sepsis, or anaphylaxis triggered by a 

evidence of increased renal impairment or mortal-

shock

dysfunction of the microcirculation that leads 

ity (Sigrist et al. 2017a,b; Yozova et al. 2017). 

to inappropriate, widespread vasodilatation 

h)  This  author  believes  more  information  is  needed, 

and results in relative hypovolemia

not only in dogs, but also cats, before enough infor-

Obstructive 

A mechanical interference with ventricular 

mation is available to make an informed decision 

shock

filling from pericardial effusion leading to 

tamponade, caval syndrome of heartworm 

about  the  use  of  synthetic  colloids  in  veterinary 

disease, aortic thromboembolism, and 

medicine. 

intracardiac neoplasia

i)  The main adverse effects of synthetic colloid admin-

istration are coagulopathy and decreased coagula-

bility.  When  dosages  >20 ml/kg/24 h  are  used, 

developed, clinically useful categories in feline emer-

coagulopathic  effects  may  become  apparent. 

gency medicine include hypovolemic shock, cardio-

Hetastarch has been reported to be more likely to 

genic  shock,  obstructive  shock,  and  distributive 

cause  these  changes  as  compared  to  VetStarch  in 

shock (sepsis/SIRS; see Chapter 3— Shock). 

dogs  (Bacek  et  al.  2011).  Little  information  exists 

i)  Hypovolemic shock: can be either absolute or 

specifically  reviewing  these  fluid  types  in  cats  as 

relative in nature. 

related to coagulopathy. 

1)  Causes  of  absolute  hypovolemic  shock: 

C)  Hypertonic solutions (i.e., hypertonic saline)

hemorrhage, vomiting, diarrhea, and severe 

a)  Provide rapid volume expansion with lesser volume 

polyuria without adequate polydipsia. 

administration. 

2)  Causes for relative hypovolemic shock: ana-

b)  Cause an increase in the osmotic gradient, which 

phylaxis or the use of vasodilatory drugs and 

“pulls water” from the interstitial space and intra-

an increased microvascular permeability. 

cellular space into the intravascular space, expand-

ii)  Cardiogenic  shock:  caused  by  a  reduced  car-

ing intravascular volume. 

diac output and often associated with cardiac 

c)  May  be  most  efficacious  in  patients  with  acute 

disease. The end result of cardiogenic shock is 

hypovolemic shock (and therefore normal intersti-

global hypoperfusion. 

tial hydration) and may also be useful in resuscita-

iii)  Distributive shock: most commonly associated 

tion of patients with head trauma. 

with SIRS, sepsis, or anaphylaxis triggered by a 

d)  Since  the  initial  volume  expansion  is  followed  by 

dysfunction of the microcirculation that leads 

redistribution, hypertonic saline should not be used 

to  inappropriate,  widespread  vasodilatation 

alone but followed with crystalloid fluid therapy. 

and results in relative hypovolemia. 

e)  Due to the large sodium concentration and osmotic 

iv)  Obstructive  shock:  results  from  a  mechanical 

pull of fluid from the interstitial and intracellular 

interference with ventricular filling. Examples 

spaces, hypertonic solutions are contraindicated in 

include pericardial effusion leading to pericar-

dehydrated or hypernatremic patients. 

dial tamponade, caval syndrome of heartworm 

f)  A bolus of 2–3 ml/kg over 15–20 minutes is recom-

disease, aortic thromboembolism, and intracar-

mended in cats. 

diac neoplasia. 

g)  A  recipe  for  administration  of  hypertonic  saline 

1)  From clinical experience, both hypovolemic 

with a synthetic colloid is to dilute 23.4% NaCl with 

and distributive shock syndromes respond to 

6% hetastarch or VetStarch (volume NaCl and vol-

aggressive  fluid  therapy.  Obstructive  shock 

ume colloid) to make a 7.5% solution of NaCl. 

responds to fluid therapy, but identification 

D) Specific conditions requiring fluid therapy

and correction of the underlying cause will 

a)  Shock (Table 8.3): a complex group of conditions that 

more rapidly improve patient outcome. Due 

result  from  inadequate  oxygen  delivery  to  tissues. 

to the underlying cardiac disease, fluid ther-

While  numerous  classification  schemes  have  been 

apy is contraindicated in cardiogenic shock. 
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Table 8.4  Physical assessment of dehydration. 

body weight multiple times per day can pro-

vide a rapid assessment of fluid status. If the 

Estimated % 

patient is rapidly gaining weight, it is likely 

dehydration

Clinical signs

their fluid intake exceeds output (e.g., uri-

nary  output).  If  they  are  rapidly  losing 

<4

Not detectable

weight,  this  may  indicate  their  outs  (e.g., 

4–5

Subtle loss of skin elasticity, “tacky” mucous 

urinary, gastrointestinal, and/or respiratory 

membranes

losses) exceed their fluid intake. 

6–8

Decreased skin turgor (when the skin is 

3)  Other common assessments of fluid therapy 

tented there is a slight delay in return to 

normal position), dry mucous membranes, 

and  hydration  status  include  skin  turgor, 

slight prolongation of capillary refill time, 

packed cell volume (PCV), total  protein con-

eyes may be dull

centration  (TP),  and  urine- specific  grav-

10–12

Prolonged capillary refill time (>2 seconds), 

ity (USG). 

dry mucous membranes, sunken eyes, tented 

–  A  decrease  in  the  interstitial  compart-

skin does not return to normal position, 

ment  volume  leads  to  decreased 

possible tachycardia, and weak pulses

skin turgor. 

12–15

Pale mucous membranes, capillary refill time 

>3 seconds, signs of shock, dementia, death 

–  PCV,  TP,  and  USG  are  expected  to  all 

imminent

increase with a decreased fluid intake or 

increase in losses resulting in a decrease 

in the interstitial compartment volume as 

b)  Dehydration (Table 8.4)

well  as  a  decrease  in  plasma  volume 

i)  Treatment  involves  administration  of  crystal-

which  may  also  result  in  other  clinical 

loid  fluids  to  both  correct  the  fluid  deficit  as 

changes including tachycardia and alter-

well as replace ongoing loss. 

ations in peripheral pulses. 

ii)  The  fluid  deficit  is  calculated  based  on  the 

–  Additionally,  USG  can  be  measured  to 

patient’s body weight (kg) and the percentage 

assess  for  adequacy  of  diuresis  in  the 

of dehydration (see Box 8.1). 

absence of the kidneys’ ability to concen-

iii)  Ongoing  losses  may  be  caused  by  diarrhea, 

trate urine (e.g., renal failure, administra-

vomiting, polyuria (without sufficient polydip-

tion of diuretics, etc.). 

sia), or other conditions that lead to an abnor-

c)  Potassium supplementation (Table 8.5)

mal fluid loss. 

i)  Potassium  is  vital  in  the  function  of  tissues 

1)  Losses  such  as  these  can  be  estimated  by 

such as muscles and nerves. 

weighing diapers. This can be performed by 

ii)  Causes  for  hypokalemia  include  (but  are  not 

subtracting the normal diaper weight from 

limited to) the following:

the  diaper  with  the  fluid  loss 

1)  Anorexia. 

(10 g = 0.01 kg = 10 ml). Urinary losses can 

2)  Diabetes mellitus. 

also be closely monitored by placement of 

3)  Administration  of  potassium- free  or  low- 

an indwelling, closed collection system uri-

potassium fluids. 

nary catheter. 

2)  Measurement of body weight at least once 

Table 8.5  Potassium supplementation chart. 

daily is essential to guide fluid therapy. In a 

patient  with  a  dynamic  state,  measuring 

Serum potassium 

mEq KCl to add 

Maximum infusion 

concentration (mEq/l)

to 500 ml fluid

rate (0.5 mEq/kg/h)

Box 8.1  Fluid Calculations

<2.0

40

6 ml/kg/h

2.1–2.5

30

8 ml/kg/h

Feline maintenance fluid administration: 50–60 ml/

2.6–3.0

20

12 ml/kg/h

kg/24 hours

3.1–3.5

14

18 ml/kg/h

Fluid deficit from dehydration (in ml) = % dehydra-

tion × body  weight  (kg) × 1000 ml

>3.5–<5

5

25 ml/kg/h

Ongoing losses per hour in ml: estimation of 

 Note: potassium doses should not exceed K- Max (0.5 mEq/kg/h) loss/24 hours

unless clinically required and only when extremely close monitoring is implemented. 
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4)  Gastrointestinal  fluid  loss  (vomiting  or 

2)  One- fourth  to  one- third  of  this  deficit 

diarrhea). 

should be given slowly over 2–4 hours. 

5)  Renal disease/failure. 

3)  Alternatively,  1–3 mEq/kg  can  be  adminis-

6)  Hyperaldosteronism  (Conn’s  syndrome)— a 

tered  with  1 mEq/kg  for  mild  acidosis  and 

rare disease that leads to loss of potassium via 

3 mEq/kg for severe acidosis. 

the kidneys due to the activity of aldosterone 

4)  Blood gases should be taken after comple-

(see  Chapter  32—Electrolyte  Disorders  & 

tion  of  this  aliquot  to  determine  if  addi-

Chapter 34—Pediatric Emergencies). 

tional  bicarbonate  administration  is 

7)  Iatrogenic causes such as the administration 

necessary (i.e., if the patient pH is still less 

of diuretics (e.g., furosemide). 

than 7.2 or clinical signs related to acidemia 

iii)  Signs  of  hypokalemia  include  weakness, 

such  as  decreased  response  to  pressor 

ventroflexion  of  the  neck,  lethargy,  mental 

therapy, etc.). 

depression,  arrhythmias,  and  death  from  res-

5)  Bicarbonate 

administration 

is 

not 

piratory muscle paralysis. 

recommended if blood gases are not available. 

iv)  Potassium can be supplemented orally or added 

6)  Bicarbonate is not recommended if there is 

to intravenous fluids. 

a  respiratory  dysfunction  leading  to  an 

1)  Oral supplementation can be done by admin-

already elevated CO2, as bicarbonate will be 

istering  potassium  gluconate  (Tumil- K, 

broken  down  into  H2O  and  CO2,  further 

Daniels  Pharmaceuticals)  at  a  dose  of 

exacerbating  the  existing  respiratory  com-

2 mEq/4.5 kg PO q12h. 

promise and hypercapnia. 

2)  If oral supplementation is not possible or 

7)  Complications  of  bicarbonate  administra-

severe hypokalemia is present, intravenous 

tion include hypernatremia, hyperosmolal-

potassium  administration  should  be 

ity,  and  additional  electrolyte  disturbances 

considered. 

(decrease  in  ionized  calcium  and  potas-

3)  The amount of potassium to add to mainte-

sium) due to its alkalinizing effects. 

nance fluids should be based on measured 

e)  Maintenance fluid therapy (Box 8.1)

serum potassium (when giving boluses of 

i)  Defined as the volume needed per day for fluid 

intravenous fluids, potassium should NOT 

balance  (i.e.,  the  intake  of  fluids  should  be 

be  supplemented  due  to  the  risk  of  rapid 

equal to the loss of fluids). 

hyperkalemia  and  cardiotoxicity,  see 

ii)  Daily  fluid  requirements  (ml/kg/day)  parallel 

Table 8.5). 

daily energy requirements (kcal/kg/day). 

4)  If oral or intravenous potassium adminis-

iii)  Normal  feline  energy  requirements  are 

tration  is  not  possible,  subcutaneous 

50–60 kcal/kg/day. Therefore, a rough estimate 

administration  with  solutions  containing 

for fluid balance would be 50–60 ml/kg/day for 

up  to  30 mEq/l  of  KCl  can  be  adminis-

the  maintenance  fluid  requirement  (see 

tered safely. 

Box 8.2). 

5)  Potassium doses should not exceed K- Max 

iv)  Alternatively,  an  approximate  dose  for  fluid 

(0.5 mEq/kg/h) unless clinically required. 

maintenance is 2–3 ml/kg/h. 

If  required,  strict  monitoring  should 

f)  Ongoing loss therapy

include  heart  rate,  respiratory  rate  and 

i)  The  amount  lost  through  vomiting,  diarrhea, 

effort,  electrocardiogram  (ECG),  blood 

polyuria, and so on that should be measured/

pressure, and mentation. Frequent evalu-

estimated and then added to the maintenance 

ation  of  electrolytes  (hourly  to  no  less 

and dehydration fluid calculations

than every 6 hours) should be performed 

1)  Example:  A  5- kg  patient  is  estimated  to 

as well. 

be  vomiting  approximately  10 ml  every 

d)  Bicarbonate supplementation

4 hours. 

i)  Usually reserved for a severe metabolic acidosis 

and pH disturbance (pH <7.1–7.2; base deficit 

24hours / 4hours 6episodes in24hours, 

>10; bicarbonate <14 mEq/l). 

6vomiting episodes 10ml 60ml. 

ii)  Bicarbonate- deficit equation (mEq of bicarbo-

nate to administer):

Therefore,  the  patient’s  ongoing  loss  is  estimated  to  be 

1)  0.3 × b.w. (kg) × (24 – patient bicarbonate). 

60 ml over 24 hours. 
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g)  Fluid diuresis

During the fluid therapy and continued hospitaliza-

i)  The goals are to increase the glomerular filtra-

tion, monitoring will include physical examination 

tion rate, increase renal perfusion, and enhance 

parameters (heart rate, pulse quality, respiratory rate, 

the renal excretory function. 

respiratory effort, mentation, etc.), electrolytes, blood 

ii)  Specific disease states where fluid diuresis may 

pressure, mentation, and continued losses. 

be considered include renal disease to eliminate 

renal toxins and improve azotemia as well as in 

cases of toxin ingestion to hasten the elimina-

vi)  During  fluid  diuresis,  careful  monitoring 

tion of toxins that are excreted by the kidneys. 

should be made for signs of fluid overload such 

iii)  In these situations, crystalloid fluids are the flu-

as abnormal lung sounds (crackles), abnormal 

ids of choice. 

heart sounds (murmur or gallop rhythm), gen-

iv)  Fluid rates required to induce a sufficient diure-

eralized  edema,  hypertension,  or  jugular 

sis can be as high as two to four times a patient’s 

venous distension. As compared to dogs, cats 

maintenance  requirements.  Expected  urine 

are  less  likely  to  develop  chemosis  with  fluid 

output for adequate fluid diuresis is 2–6 ml/kg/h. 

overload. 

v)  “Ins” and “outs” should be measured every 2–4 

E)  Constant rate infusion (CRI) formulas

hours. A urinary catheter with a closed collec-

tion system is recommended to allow accurate 

Formula 1:

monitoring and calculation of “outs.” 

CRIdose mg / kg / h body weight kg

bagvolume ml

fluiid rate ml / h . 

Box 8.2  Sample Feline Fluid Therapy Case

dose of drug mg toaddtobag

Example: A 5- kg cat with a 1- day history of vomiting 

and  diarrhea.  On  physical  examination,  the  cat  is  5% 

Example:  Morphine  CRI  at  0.1 mg/kg/h  for  10- kg  cat 

dehydrated (tacky mucous membranes, CRT 1.5 seconds, 

with IV fluid rate of 20 ml/h:

very slight decrease in skin turgor). The cat is vomiting 

0 1

. mg / kg / h 10kg 1000ml 20ml / h

10 ml every 4 hours. PCV 45, TS 7.4, Na 153, K 3.2, BUN 

41, creatinine 1.8, glucose 140. 



50mgadded toa1 lb . 

ag

Plan: use a balanced electrolyte solution and replace 

Formula 2 (for use if multiple CRI medications will 

the deficit over 12 hours. 

be needed at the same time):

Fluids will run at 1 ml/kg/h

Dehydration %dehydration bw kg 1000

ml of fluidneeded

CRIdose mg / kg / h bagvolume ml



0.05 5 1000 250 ml



dose mg toaddtobag. 



Maintenance 12 hours 50 60kcal / kg / day

50 60 ml / kg / day

Additional  maintenance  fluids  will  need  to  be  piggy-

300 ml / day

backed  or  placed  through  another  catheter  if  additional 

300 ml / 24 hours

fluids  are  required,  as  the  CRI  rate  for  this  formula  will 150mlin12hours

only be 1 ml/kg/h. 

Formula 3:

Ongoinglosses 10 mlin4hours

Dosage  g / kg / min W kg mgtoaddto250ml



30 mlin12hour s

base solutionat



arate  of15ml / h. 

Total 250 ml 150 ml 30ml

430ml / 12hours

Formula 4:



35.8ml / hour 12hours 

 R D W V /  M

. 

16 . 
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Additives to the fluids:

Abbreviation Key

Potassium is added to the fluid bag (14 mEq/500 ml) 

 M = milligrams of drug to add to the base solution. 

based on the KCl replacement chart. 

 D = dosage of drug in micrograms per kilogram per minute. 
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 W = body weight in kilograms. 

To determine the appropriate  R if dosage is adjusted, the 

 V = volume in milliliters of base solution. 

formula would be:

 R = fluid rate in milliliters per hour. 

/

16. . 

67

16.67 = conversion factor. 

 R D W V M
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Nutritional Support for the Critically Ill Feline Patient

 Daniel L. Chan

UNIQUE FEATURES



● A particular concern with hospitalized cats is the development of food aversion. For this reason, stressful means for nutritional support such as force feeding or syringe feeding are not recommended. 



● The importance of appropriate nutritional support in critically ill cats is highlighted by the development of hepatic lipidosis, which is usually secondary to another underlying condition and results from energy and protein deprivation. This is particularly true, but not exclusively seen in obese cats. 



● Particular differences in the nutritional requirements of cats include a higher requirement for dietary protein (6 g of protein/100 kcal of food consumed) and strict requirements for taurine and arginine, explaining why enteral formulas designed for people are usually unsuitable for use in cats. 

A)  Importance of nutritional support

f)  Because  nutritional  interventions  are  not  without 

a)  Loss or decrease in food intake is often the first sign 

risk,  appropriate  nutritional  assessment  can  help 

of illness in cats. An important consideration is that 

select which patients are most likely to benefit from 

almost  all  diseases  induce  dramatic  changes  in 

nutritional  support  and  to  help  minimize 

energy  and  nutrient  metabolism  which  put  criti-

complications. 

cally ill patients at high risk for malnutrition and its 

B)  Indications for nutritional intervention

subsequent  complications.  Whereas  healthy  ani-

a)  Nutritional  assessment  identifies  malnourished 

mals primarily lose fat when fasted, sick or injured 

patients that require urgent nutritional support as 

animals catabolize lean body mass when they are 

well as those in which nutritional support is likely 

not provided with sufficient calories. 

to be necessary to prevent malnutrition. 

b)  Hospitalized  cats  are  particularly  stressed,  which 

b)  Overt  indicators  of  malnutrition  include  recent 

contributes  to  decreased  food  intake.  Anorexia  in 

weight loss, poor hair coat quality, muscle wasting, 

cats can be particularly challenging to manage and 

signs of inadequate wound healing, hypoalbumine-

can  have  serious  metabolic  consequences  if  left 

mia, and lymphopenia. However, these abnormali-

untreated. 

ties  are  not  specific  to  malnutrition  and  do  not 

c)  An important point to make is that successful man-

occur early enough in the process. 

agement of anorexia in cats is to reverse the primary 

c)  Key  factors  to  consider  in  the  nutritional  assess-

condition, rather than using appetite stimulants or 

ment include the following:

simply  encouraging  eating  by  offering  “appetiz-

i)  Anorexia lasting greater than 3 days. 

ing” food. 

ii)  Serious underlying disease (e.g., severe trauma, 

d)  The goals of nutritional support include correction 

sepsis, peritonitis, acute pancreatitis, burns). 

of nutritional deficiencies and imbalances and pro-

iii)  Large  protein  losses  (e.g.,  draining  wounds, 

vision of adequate energy substrates, protein, and 

exudative effusions)

micronutrients. 

d)  Patients with obvious protracted disease courses in 

e)  Prevention of further catabolism of lean body tissue 

which  the  cat  is  likely  to  be  hospitalized  for  over 

and reversal of metabolic derangements are other 

5  days  should  be  strongly  considered  to  receive 

important goals of nutritional support. 

nutritional support. 
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84  Nutritional Support for the Critically Ill Feline Patient e)  Nutritional assessment also identifies factors that 

can affect the nutritional plan, such as electrolyte 

abnormalities,  hyperglycemia,  hypertriglyceri-

demia,  or  comorbid  illness  such  as  significant 

hepatic, cardiac, or renal disease. 

f)  Appropriate laboratory analysis (i.e., serum biochem-

ical  profile)  should  be  performed  in  all  patients  in 

which nutritional support is being considered because 

abnormalities may influence the nutritional plan. 

g)  Before  commencing  nutritional  support,  the 

patient should be rehydrated, adequately resusci-

tated, that is, cardiovascularly stable, and have had 

significant electrolyte and acid–base abnormalities 

addressed. 

C)  Determine the route of nutritional support

a)  If there are no signs of overt gastrointestinal dys-

Figure 9.1  Underweight cat ready to receive placement of 

function, for example, protracted vomiting or diar-

nasoesophageal/nasogastric tube. 

rhea  that  results  in  overt  dehydration  (>8%)  or 

compromised  intravascular  volume  status,  the 

enteral route of delivery should be chosen. 

b)  Enteral nutrition is the most practical, economi-

cal, and physiologically sound approach of deliv-

ering nutrients. Except for feeding tube problems, 

there  are  fewer  complications  associated  with 

enteral nutrition compared with parenteral nutri-

tion (PN). 

c)  Even  when  enteral  nutrition  does  not  completely 

meet all of the patient’s energy and nutrient needs, 

delivery of food via the gastrointestinal tract (as lit-

tle as 30% of resting energy requirements [RER]) is 

still beneficial in that it modulates gastrointestinal 

motility and immune function, and maintains the 

integrity of the intestinal barrier. 

d)  For patients that cannot tolerate enteral feedings 

Figure 9.2  Instilling local anesthetic (e.g., proxymetacaine) into nares. Note how the head is tilted straight up so that the 

or in which there is concern for aspiration of food 

topical anesthetic will follow gravity into the nasal cavity. 

into the airways, for example, pharyngeal dysfunc-

tion  or  dyspnea,  the  parenteral  route  should  be 

considered. 

D)  Enteral nutrition

a)  If the enteral route is chosen, the most appropriate 

type  of  feeding  tube  for  that  patient  must  be 

considered. 

b)  Factors to consider in choosing a particular feeding 

tube include the anticipated duration of nutritional 

support, the need to circumvent certain segments of 

the gastrointestinal tract (e.g., because of esophagi-

tis), the form of nutrition to be delivered (e.g., liquid 

diet vs. blenderized diet), suitability of the patient 

to withstand anesthesia, and clinician’s preference 

and experience. 

c)  Feeding tube options

i)  Nasoesophageal/nasogastric tubes

Figure 9.3  Initial placement of nasoesophageal/nasogastric 

1)  Technically, this is the simplest type of feed-

tube into nares. Note that initial placement should be directed 

ing tube to place (see Figures 9.1–9.6). 

toward the ventromedial aspect of the nares. 

[image: Image 10]
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Figure 9.4  Nasoesophageal/nasogastric tube has been placed 

Figure 9.6  Attaching the end of the tube to the end- tidal CO2 

the proper distance. Note how the exit of the tube is nearly flush 

monitor to evaluate for proper placement. CO2 should not be 

with the lateral aspect of the nares and then is directed up 

detected if proper placement has occurred. If the tube is in the 

toward the forehead between the eyes. The tube also could be 

trachea or airways, CO2 will be detected with respiration. Proper 

directed to the lateral side of the face, but whiskers should be 

placement could also be confirmed by thoracic radiography. The 

avoided, as this will more likely cause irritation to the cat. 

tube should end in the distal third of the esophagus or within 

the stomach. 

2)  This is a good option if only a short (fewer 

than 3 days) course of nutritional support is 

–  Tubes placed within the esophagus should 

anticipated. 

not yield appreciable CO2 (Figure 9.6). 

3)  Patients that are unstable for anesthesia can 

–  The tip of the feeding tube should lie in 

have these tubes placed with minimal seda-

the  distal  third  of  the  esophagus,  but  it 

tion  (if  any  is  required)  and  topical  anes-

could also be placed in the stomach. 

thetic instilled in nasal passages. 

ii)  Esophageal tubes

4)  Major limitations include using liquid diets 

1)  These  are  probably  the  most  versatile  and 

only, patient discomfort, and requirement of 

useful feeding tubes for critically ill cats. 

Elizabethan collars or other measures to pre-

2)  These are relatively simple to place, require 

vent dislodgement of tube. 

only short anesthesia (should not be placed 

5)  Most  nasoesophageal/nasogastric  feeding 

with sedation alone), and allow use of blen-

tubes in cats are either 3.5 Fr or 5 Fr in size. 

derized, calorically dense diets. 

6)  Correct  placement  within  the  esophagus/

3)  Most  cats  tolerate  esophageal  tubes  without 

stomach should be checked by either radi-

need of Elizabethan collars and can eat volun-

ography,  fluoroscopy,  or  end- tidal  CO2 

tarily with these tubes in place, compared with 

measurement. 

cats  with  nasoesophageal/nasogastric  tubes, 

which may not have an interest in eating. 

4)  A full description of the technique in placing 

these tubes can be found in the caption for 

Figure 9.7a–n. 

5)  The  positioning  of  the  tube  should  be 

assessed  via  radiography,  fluoroscopy,  or 

end- tidal  CO2  before  use  (see  Figure  9.8). 

The  distal  tip  should  lie  within  the  distal 

third of the esophagus or stomach. 

6)  The most common sizes of esophageal feed-

ing tubes for cats are 12 Fr and 14 Fr. 

–  Proper  placement  of  an  esophagostomy 

feeding tube requires the distal tip to be 

placed in the distal esophagus at the level 

no  farther  than  the  ninth  intercostal 

Figure 9.5  Tube is secured to skin using a butterfly tape and space. This may require premeasuring the 

sutured to the skin. 

tube.  In  some  cases,  the  tip  of  the  tube 
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Figure 9.7  (a)–(n) Step- by- step technique for esophagostomy tube placement. 

may  be  placed  into  the  stomach  which 

should be clipped and a routine surgical 

can  be  used  for  gastric  decompression. 

scrub is performed. 

Rather than cutting the distal tip and cre-

–  A curved Rochester Carmalt is placed into 

ating a sharp edge, the exit side hole may 

the mouth and down the esophagus to the 

be elongated using a small blade. 

midcervical  region.  The  jugular  vein 

–  The  patient  should  be  anesthetized  and 

should be identified and avoided. 

preferably  intubated.  While  in  right  lat-

–  The tip of the Carmalt is then pushed dor-

eral recumbency, the left side of the neck 

sally,  pushing  the  esophagus  toward 

the skin. 

[image: Image 19]
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Figure 9.7  (Continued)

–  The tip of the Carmalt is palpated over the 

opening  of  the  tips  of  the  Carmalt  and 

skin to confirm its location, and an inci-

placement  of  the  esophagostomy  tube 

sion is made through the skin onto the tip 

within the tips. 

of  the  Carmalt  in  the  esophagus.  The 

–  The Carmalt is then clamped closed and 

mucosa  of  the  esophagus  is  relatively 

pulled from the oral cavity. 

more difficult to incise than the skin. 

–  Disengage the tips of the Carmalt, curl the 

–  The tip of the instrument is then bluntly 

tip  of  the  esophagostomy  back  into 

forced through the incision, which can be 

the mouth, and feed it into esophagus. As the 

slightly enlarged with the blade to allow 

curled tube is pushed into the esophagus, 

[image: Image 25]
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88  Nutritional Support for the Critically Ill Feline Patient few  mil imeters,  confirming  that  the  tube 

has straightened. 

–  Visually  inspect  the  oropharynx  to  con-

firm  that  the  tube  is  no  longer  present 

within the oropharynx. 

–  The  incision  site  should  be  briefly 

rescrubbed before a purse- string suture is 

placed,  followed  by  a  “Chinese  finger 

trap,” further securing the tube in place. 

–  A light wrap is applied to the neck. 

7)  There  is  no  minimal  amount  of  time  the 

tubes need to stay in place, and they can be 

pulled  at  any  time.  Tubes  can  remain  in 

m

place for months, if necessary. 

8)  The  most  common  problems  with  esopha-

geal  feeding  tubes  are  tube  occlusion  and 

cellulitis at the skin incision site. 

iii)  Pharyngostomy tubes. 

1)  These are technically slightly more difficult 

tubes to place correctly, and associated com-

plications are significant. 

2)  Pharyngostomy  tubes  have  been  largely 

replaced  by  esophagostomy  tubes  and  are 

not recommended. 

iv)  Gastrostomy tubes

1)  Indications  for  placement  of  gastrostomy 

tubes  (both  percutaneous  endoscopically 

n

guided [PEG] or surgically placed). 

–  Need  for  long- term  nutritional  support 

Figure 9.7  (Continued)

(greater than 4 weeks). 

–  Need  to  bypass  the  mouth,  pharynx,  or 

esophagus, for example, mandibular frac-

tures or sites of radiation therapy. 

–  Patients undergoing endoscopic evaluation

2)  Placement  of  gastrostomy  tubes  (typically 

22–28  Fr  tubes)  allows  feeding  of  various 

blenderized canned diets, which may not be 

amenable for feeding via other smaller tubes. 

3)  Placement of these tubes requires full anes-

thesia and specialized equipment. 

v)  Low- profile gastrostomy tubes

1)  These tubes are generally used to replace a 

long- standing gastrostomy tube with a more 

“cosmetic” tube when very long- term nutri-

tional  support  is  anticipated;  for  example, 

Figure 9.8  Correct placement of the esophagostomy tube 

several months as in cases of patients under-

should be confirmed with either radiography or fluoroscopy. 

going chemotherapy. 

2)  The  decision  to  use  these  tubes  is  based 

the proximal end is gently pulled simulta-

mainly  on  practical  and  cosmetic  reasons 

neously. This will result in a subtle “flip”, as 

rather than medical reasons. 

the tube is redirected within the esophagus. 

3)  In cats, replacement of a standard gastros-

The tube should easily slide back and forth a 

tomy  tube  (in  place  for  at  least  a  month) 
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with a low- profile gastrostomy tube requires 

iii)  The ability to safely compound and administer 

general anesthesia. 

PN.  Solutions  are  mixed  aseptically,  usually 

vi)  Jejunostomy or jejunal tubes

through intravenous filters, and administered 

1)  Placement of jejunostomy tubes is indicated 

continuously via infusion pumps. 

when  the  patient  necessitates  abdominal 

iv)  Frequent  monitoring  for  possible  complica-

surgery and there is a need to bypass a cer-

tions is imperative. 

tain segment of the gastrointestinal tract. 

e)  Measures to reduce complications associated with 

2)  A significant amount of technical expertise 

PN include careful patient selection and conserva-

is required to place these tubes. 

tive estimation of energy requirements. 

3)  Major complications:

f)  Peripheral parenteral nutrition (PPN; Table 9.1):

–  Tube  dislodgement  and  leakage  around 

i)  This type of PN refers to the administration of 

stoma site, which can prove fatal due to 

nutrients  intravenously  that  are  suitable  for 

septic peritonitis. 

peripheral  administration,  as  these  solutions 

–  Diarrhea:

have  lower  osmolality  (<1000 mOsm/l)  than 

● 

Generally related to the composition or 

PN solutions which must be administered cen-

osmolarity  of  the  diet,  rather  than 

trally (>1200 mOsm/l). 

being caused by the mode of feeding. 

4)  Feeding  via  jejunostomy  feeding  tubes  is 

best achieved using liquid diets designed for 

Table 9.1  Peripheral parenteral nutrition (PPN) calculations. 

cats  and  administered  as  continuous  infu-

sions rather than bolus feeding. 

1)  Calculate resting energy requirement (RER)

5)  A newer technique involves placing a jejunal 

RER = 70 × (current body weight in kg)0.75 

tube  (J)  through  an  existing  percutaneous 

RER = ___kcal/day

endoscopy- guided gastrosmomy tube (PEG), 

2)  Calculate the partial energy requirement (PER)

the so called “J- through- PEG” tube approach 

Plan to supply 70% of the animal’s RER with PPN:

that  circumvents  the  need  for  abdominal 

PER = RER × 0.70 = ___kcal/day

surgery or a jejunal incision. 

3)  Proportion of nutrient requirements according to body 

6)  These tubes are considerably more difficult 

weight:

to  place  and  increase  total  anesthesia  time 

(Note: for animals  3 kg, the formulation will exceed 

dramatically. 

maintenance fluid requirements.)

7)  J- through- PEG  tubes  are  placed  by  thread-

a)  Cats 3–5 kg:

ing a feeding tube through a PEG tube; the 

PER × 0.20 = ___kcal/day carbohydrate required

distal tip is placed within the jejunum with 

PER × 0.20 = ___kcal/day protein required

the  aid  of  endoscopy.  The  jejunal  tube  is 

PER × 0.60 = ___kcal/day lipid required

grasped  with  a  biopsy  wire  and  pushed 

b)  Cats 6–10 kg:

through  the  pylorus,  and  the  procedure  is 

PER × 0.25 = ___kcal/day carbohydrate required

repeated until approximately 20 cm of feed-

PER × 0.25 = ___kcal/day protein required

ing tube is within the jejunum. 

PER × 0.50 = ___kcal/day lipid required

E)  Parenteral nutrition

4)  Volumes of nutrient solutions required:

a)  PN  should  only  be  considered  for  patients  with 

a)  5% dextrose solution = 0.17 kcal/ml

overt  gastrointestinal  dysfunction  such  as  pro-

___kcal carbohydrate required/day ÷ 0.17 kcal/ml = ___ ml/

tracted vomiting, severe ileus, or diarrhea. 

day dextrose

b)  Inappetence is not sufficient justification for PN. 

b)  8.5% amino acid solution = 0.34 kcal/ml

___kcal protein required/day ÷ 0.34 kcal/ml = ___ ml/day 

c)  PN is usually a mixture of an amino acid solution 

amino acids

with lipids and dextrose. Vitamins, trace minerals, 

c)  20% lipid solution = 2 kcal/ml

and certain medications can be safely added to PN. 

___kcal lipid required/day ÷ 2 kcal/ml = ___ ml/day lipid

d)  General  considerations  for  using  PN  include  the 

=___ total ml of PPN to be administered over 24 hours

following:

 Note: This formulation provides approximately a maintenance fluid i)  Careful selection of patients most likely to ben-rate. Commonly used 8.5% amino acid solutions (i.e., Travasol) with efit from this form of support. 

electrolytes contain potassium. The PPN solution made according to 

this worksheet will provide approximately maintenance levels of 

ii)  The ability to place appropriate catheters (dou-

potassium. Rates of other IV fluids being concurrently administered ble- or triple- lumen catheters). 

should be adjusted accordingly. 

90  Nutritional Support for the Critically Ill Feline Patient ii)  PPN  may  be  indicated  in  patients  in  which 

delivered, composition of solutions, or different 

central parenteral nutrition (CPN) is not feasi-

patient populations. 

ble; for example, when a central catheter can-

v)  PPN can also be used to supplement cats that 

not be placed. 

can  only  tolerate  small  amounts  of  enteral 

iii)  Because PPN is a “less concentrated” form of 

feeding. 

PN, it contains fewer calories and so only meets 

vi)  As  PPN  is  typically  formulated  with  5%  dex-

some of the caloric and nutrient requirements 

trose, there is potential for fluid overload; the 

of patients. 

final volume of PPN should always be assessed 

1)  The decrease in the osmolarity of the solu-

for appropriateness for given patients. 

tion in PPN is achieved by the use of 5% dex-

g)  Central parenteral nutrition (Table 9.2)

trose as opposed to 50% dextrose. Additionally, 

i)  The indication for use of CPN in cats typically 

the targeted amount of calories is between 65 

involves a case with overt and intractable gas-

and 80% of RER with PPN. 

trointestinal  dysfunction.  These  patients  have 

iv)  PPN is perhaps associated with fewer complica-

severe  vomiting,  diarrhea,  and/or  malabsorp-

tions as compared with CPN, and this may be 

tive conditions, and it is anticipated that enteral 

related  to  the  differences  in  total  calories 

nutrition will not resume promptly. 

Table 9.2  Central parenteral nutrition (CPN) calculations. 

1)  Calculate resting energy requirement (RER)

RER = 70 × (current body weight in kg)0.75

RER = ___kcal/day

2)  Protein requirements 

(g/100 kcal)

Standard 

6

Reduced (hepatic/renal disease) 

3–4

Increased (excessive protein losses) 

7–8

(RER   100) × ___ g/100 kcal = ___ g protein required/day

3)  Volume of nutrient solutions required

a)  8.5% amino acid solution = 0.085 g protein/ml

___ g protein required/day   0.085 g/ml = ___ ml/day of amino acids b)  Nonprotein calories:

The calories supplied by protein (4 kcal/g) are subtracted from the RER to get total nonprotein calories needed. 

___g protein req./day × 4 kcal/g = ___ kcal provided by protein

RER – kcal provided by protein = ___ total nonprotein kcal/day required c)  Nonprotein calories are usually provided as a 50:50 mixture of lipid and dextrose. 

20% lipid solution = 2 kcal/ml

To supply 50% of nonprotein calories

___ lipid kcal required   2 kcal/ml = ___ ml of lipid

50% of dextrose solution = 1.7 kcal/ml

To supply 50% of nonprotein calories

___ dextrose kcal required   1.7 kcal/ml = ___ ml of dextrose

4)  Total daily requirements

___ ml of 8.5% amino acid solution

___ ml of 20% lipid

___ ml of 50% dextrose

___ total ml of CPN solution to be administered over 24 hours

 Note: Using a common 8.5% amino acid solution containing potassium (i.e., Travasol), CPN made according to this worksheet will provide potassium at higher than maintenance levels. CPN for animals that are hyperkalemic should be formulated using amino acid solutions without electrolytes. Rates of other IV fluids being concurrently administered should be adjusted accordingly. 
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ii)  Patients with overt malnutrition, for example, 

b)  Veterinary liquid diets

greater than 15% loss of body weight, may not 

i)  There  are  only  a  few  products  commercially 

be adequately supported with PPN and may be 

available that are suitable for cats. 

best treated with CPN. 

1)  Human  enteral  formulas  lack  several  key 

iii)  Due to higher osmolarity and increased risk of 

nutrients,  such  as  arginine  and  taurine, 

thrombophlebitis,  CPN  usually  requires  cen-

which precludes recommending the use of 

tral  venous  administration,  that  is,  jugular 

such products. 

catheters or femoral catheters threaded to the 

ii)  These diets are ideal for cats that have nasoe-

caudal vena cava. 

sophageal and jejunal tubes in place, although 

iv)  In patients where placement of such catheters 

liquid diets can be used with any feeding tube. 

(e.g., double- or triple- lumen catheters) is not 

iii)  In  certain  critically  ill  cats,  a  slow  continuous 

feasible, PPN may be the only option. 

infusion of liquid diets through nasoesophageal 

F)  Calculation of caloric requirements

or esophagostomy tubes may be tolerated despite 

a)  The patient’s RER is the number of calories required 

occasional  vomiting.  Infusion  rates  between 

for maintaining homeostasis while the animal rests 

0.5 ml/kg/h and 2 ml/kg/h are recommended. 

quietly. 

iv)  One of the major disadvantages of liquid diets 

b)  Estimation of energy requirements is calculated as 

is the high fat and protein content, which may 

follows:

not  be  appropriate  for  all  patients  (e.g.,  cats 

i)  RER = 70(body weight in kg)0.75

with  steatorrhea  or  hepatic  encephalopathy, 

c)  Several  factors  impact  the  overall  total  energy 

respectively). 

expenditure,  including  level  of  activity  and  the 

v)  The  caloric  density  of  most  liquid  diets  is 

effects of disease processes on metabolism. 

approximately 1 kcal/ml, which could translate 

d)  Clinically,  energy  expenditure  is  difficult  to 

to large volumes of the diet being necessary to 

measure; therefore, estimation of energy require-

meet energy requirements. 

ments is the standard for calculating nutritional 

c)  Veterinary canned diets

support. 

i)  Placement of larger feeding tubes, for example, 

i)  Formerly, there was an emphasis on adjusting 

esophagostomy  and  gastrostomy  tubes,  allows 

energy expenditure  by  simply  multiplying  the 

feeding  of  more  calorie- dense  diets  (some  as 

RER with an arbitrary, extrapolated illness fac-

high  as  2 kcal/ml). This  results  in  smaller  vol-

tor. More recently, this practice is purported to 

umes of food being administered at each feeding. 

increase rates of complications without improv-

ii)  In addition to “critical care diets,” almost any 

ing  outcome.  Therefore,  recent  recommenda-

canned product can be prepared to make tube 

tions propose initial caloric targets to be simply 

feeding amenable. This usually requires blend-

the estimated RER. 

erizing a canned diet with a certain amount of 

e)  One of the reasons for starting with RER is that 

water  and  sometimes  straining  the  mixture 

the main purpose of nutritional support in criti-

through  a  sieve  before  being  able  to  feed  via 

cally  ill  patients  is  to  support  energy  and  sub-

feeding tubes. 

strate  requirements,  not  resulting  in  immediate 

iii)  Examples of how common veterinary diets can 

weight gain. 

be modified to make them amenable for tube 

f)  Only  after  the patient  is  deemed  to  be recovering 

feeding are listed in Table 9.3. 

and tolerating feedings well should caloric targets 

H)  Role of appetite stimulants

be raised, usually by 10–20% increments if there is 

a)  As appetite suppression is always a consequence of 

failure to gain weight. 

the  underlying disease  rather than  the actual  pri-

G)  Types of diets

mary problem, the use of appetite stimulants is sel-

a)  The choice of an appropriate enteral diet to be used 

dom  recommended  in  the  initial  treatment  of 

for tube feeding depends on several factors:

critically ill cats. 

i)  The underlying disease process and presence of 

b)  The use of appetite stimulants while cats are hospi-

comorbid conditions. 

talized (e.g.,diazepam) is usually ineffective and not 

ii)  The size and type of feeding tube placed. 

recommended. 

iii)  Access to veterinary specialized diets. 

c)  The more appropriate use of appetite stimulants is 

iv)  Owner’s ability to obtain and administer pre-

when the patient is recovering from the underlying 

scribed diet. 

disease and has been discharged from the hospital. 

92  Nutritional Support for the Critically Ill Feline Patient Table 9.3  Enteral nutrition calculations for tube feeding. 

d)  A commonly used appetite stimulant in cats recov-

ering  from  illnesses  is  mirtazapine  administered 

1)  Calculate resting energy requirement (RER)

orally  at  3–4 mg/cat  q72h.  This  approach  is  not 

RER = 70 × (current body weight in kg)0.75 

appropriate for severely ill hospitalized cats. 

2)  Product selected: __________

e)  The use of appetite stimulants is not without risks. 

Caloric density of diet: _____ kcal/ml

Reports of toxicity have been reported in cats receiv-

3)  Total volume to be administered per day

ing “therapeutic” dosages. 

kcal required/day = ___ ml/day

I)  Monitoring and reassessment of the patient

kcal/ml in diet

a)  As with all interventions, it is important to empha-

4)  Administration schedule

size the role of close monitoring of patients receiv-

½ of total requirement on Day 1 = ___ml/day (Day 1)

ing nutritional support. 

Total  requirement  on  Day  2  and  beyond  =  ___ml/

b)  Feeding tubes and PN catheters must be monitored 

day (Day 2)

for  mechanical  problems  as  well  as  infections  at 

5)  Feedings per day

entry site. Catheter and feeding tube sites should be 

Divide total daily volume into 4–6 feedings (depending 

evaluated  daily  for  signs  of  inflammation  and/or 

on patient tolerance for feedings) = ___feedings/day

infection. 

6)  Volume per feeding

c)  Recommended  monitoring  for  patients  receiving 

Divide total ml/day by the number of feedings per day

PN include frequent evaluation of  heart rate,  res-

=___ml/feeding (Day 1)

piratory  rate,  temperature,  blood  glucose,  blood 

=___ml/feeding (Day 2)

urea  nitrogen,  and  triglycerides.  In  particularly 

7)  Diet options

debilitated cats, monitoring of magnesium, potas-

A)  Nasoesophageal and jejunostomy tubes

sium, and phosphorus is also recommended. 

i)  Liquid diets only

i)  Periodic  nutritional  reassessment  can  guide 

ii)  Royal Canin Recovery Liquid Canine & Feline 

whether there should be an adjustment of nutri-

(0.9 kcal/ml)

tional  support;  for  example,  increase  calories 

iii)  Royal Canin Feline Renal Support (0.9 kcal/ml)

delivered by 20% if there is persistent weight loss 

N.B. Human liquid diets are unbalanced for cats and 

in the face of nutritional support or decrease or 

should not be used

stop delivery of nutrition if complications arise. 

B)  Esophagostomy and gastrostomy tubes

i)  Hill’s a/d canned

Supplies  1.3 kcal/ml  straight  from  can,  but  needs 

further dilution

1 can +50 ml water = 1.0 kcal/ml

1 can +25 ml water = 1.1 kcal/ml
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Respiratory Emergencies and Pleural Space Disease

 Elizabeth Rozanski



UNIQUE FEATURES



● Identification of the specific underlying cause will result in more effective therapy. 



● Increased respiratory rate and effort due to pleural effusion should improve rapidly following thoracocentesis. 

●  Failure to improve after thoracocentesis or rapid return of respiratory distress should prompt concern for iatrogenic pneumothorax. 



● The average cat thorax will contain 200–300 ml of effusion or air before respiratory distress will develop. 



● Heart failure is less common than often believed. 



● Pleural effusion can be seen with left- sided heart failure. 

A) Respiratory emergencies

excessive salivation. Cats with primary cardiac 

a)  Triage

or  pulmonary  disease  may  have  only  been 

i)  Telephone triage

appreciated to be lethargic at home; however, 

1)  If the owner reports any concern for ability 

following  a  car  trip,  they  may  demonstrate 

to  breathe,  increased  respiratory  rate,  or 

overt distress. Note that cats can have signifi-

effort, the cat should be brought in immedi-

cant  respiratory  compromise  primarily  mani-

ately for assessment. 

fested  only  as  increased  respiratory  rate  until 

2)  Ensure  that  there  is  no  closer  appropriate 

stressed, at which time full clinical signs of res-

facility. 

piratory distress become evident. 

ii)  Waiting room triage

iii)  Assess whether the cat seems to be in immedi-

1)  Complaint of potential respiratory problems 

ate,  life- threatening  respiratory  failure.  Note 

warrants  immediate  attention  and  move-

cyanosis, gasping, and pulmonary edema (PE) 

ment of the patient to the treatment area. 

visible  at  nares,  or  rarely  severe  hypoventila-

2)  Obtain  brief  history,  specifically  asking 

tion, recognized by intermittent apnea in lateral 

about signalment, rapidity of onset, cough, 

recumbency. 

history of heart disease, asthma, trauma, or 

iv)  If life- threatening state is assessed, cautiously 

any other respiratory problems. 

sedate  (if  necessary)  and  intubate.  Use  of  an 

b)  Initial assessment (Figure 10.1)

opioid and a benzodiazepine is recommended, 

i)  Complete  physical  examination  is  often  not 

such as butorphanol 0.2 mg/kg and diazepam 

possible  (or  recommended)  initially  in  cats 

0.4 mg/kg IV (medial saphenous vein often eas-

with severe respiratory distress. 

iest). Propofol and alfaxalone alone are a poor 

ii)  Clinical  signs  of  respiratory  distress  include 

choice, due to their cardiovascular depressant 

rapid, shallow, or noisy breathing. Open- mouth 

properties.  Maintain  on  100%  O2  with  manual 

breathing  is  occasionally  present.  Some  cats 

positive  pressure  ventilation.  Be  prepared  to 

demonstrate  orthopnea,  preferring  to  sit  only 

suction  any  pulmonary  edema.  If  obvious 

in a sternal/hunched position. Cats will often 

increased inspiratory effort, be prepared for a 

have  widely  dilated  pupils  and  may  have 

tracheostomy in case of laryngeal mass. 
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Pleural space
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Figure 10.1  Flow chart. 

v)  Allow the cat time (approximately 10 minutes) 

6)  Expiratory wheezes. 

to recover from the stress of transport in a low- 

7)  Compressibility of cranial thorax:

stress environment with oxygen supplementa-

–  Decreased compressibility may indicate 

tion. Typically, an oxygen cage is used for this 

a cranial mediastinal mass. 

purpose,  although  the  cat  should  be  closely 

–  Older  cats  can  normally  often  have  a 

observed.  Other  options  include  an  oxygen 

decreased compressibility and can con-

hood or flow- by administration of oxygen with 

fuse this diagnostic clue. 

a mask or oxygen line if the patient will tolerate 

8)  Subcutaneous emphysema. 

it with minimal stress and movement. Prepare 

9)  Heart murmurs. 

to intervene quickly (e.g., intubate or consider 

10)  Gallop  rhythms  (may  be  best  heard  with 

thoracocentesis if pleural space disease is sus-

the bell). 

pected) if respiratory distress worsens. 

11)  Nasal discharge. 

vi)  Observe the breathing pattern and effort. 

12)  Cough 

(inducible 

with 

tracheal 

vii)  Proceed with physical exam. Assess for the fol-

compression?). 

lowing specifically:

13)  Rectal  temperature  (typically  low  with 

1)  Increased  respiratory  rate  and  effort  or, 

heart failure). 

conversely,  intermittent  (or  agonal) 

14)  Assess degree of hypoxemia with pulse oxi-

gasps.  If  agonal  or  intermittent  apnea  is 

metry;  this  is  often  unrewarding  in  cats 

present, begin cardiopulmonary resuscita-

with poor perfusion; prolonged efforts are 

tion (CPR). 

not required. 

2)  Evidence  of  abdominal  or  paradoxical 

viii)  Attempt to localize the disease to the upper air-

breathing. 

way, lower airway, pulmonary parenchyma, or 

3)  Upper  airway  noise/stertor/stridor;  recall 

pleural space. 

auscultation over trachea may help localize 

1)  Loud, noisy breathing— upper airway. 

noisy breathing to upper airway. 

2)  Prolonged  expiration  with  crackles  and 

4)  Increased or decreased lung sounds. 

wheezes— lower airway. 

5)  Crackles  (fluid  in  alveoli,  not  specific  for 

–  Cats with lower airway disease may also 

heart failure). 

have  an  abdominal  push  at  the  end  of 

[image: Image 28]
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expiration. Rarely, cats with severe lower 

Box 10.1  Tracheostomy

airway  disease  (feline  “asthma”)  may 

have  decreased  lung  sounds  due  to  air 

i)  Make 2–3- cm incision on ventral aspect of neck, 

trapping and inability to expire air. 

just caudal to thyroid cartilage. 

3)  Tachypnea with crackles or increased lung 

ii)  Separate the sternohyoideus muscles bluntly with 

sounds— pulmonary  parenchyma;  most 

hemostats and isolate the trachea. Stay on midline. 

often  cardiac.  Pneumonia  is  very  rare  in 

iii)  Place stay sutures around adjacent cartilaginous 

cats, although may be seen in kittens. 

tracheal rings if time allows; that is, if patient is not 

4)  Rapid  shallow  breathing  with  abdominal 

in severe distress due to tracheal obstruction. If 

component  and  decreased  lung  sounds— 

patient requires immediate intubation via trache-

pleural space. 

ostomy, place stay sutures after performing the 

c)  Loud breathing: suspect upper airway disease

tracheostomy. 

i)  Dynamic  extrathoracic  obstructions  (e.g., 

iv)  Once the trachea is visualized, incise the trachea 

laryngeal  paralysis  and  collapsing  trachea— 

between the third and fourth or fourth and fifth 

both rare in cats) may have noise only on inspi-

rings for about one- half circumference of the tra-

ration, while fixed obstructions may have noise 

chea. A longitudinal (between rings) and a t- shaped 

on inspiration and expiration. 

incision are both acceptable. 

1)  Laryngeal  tumors  are  the  most  common 

v)  Place 3–4- mm endotracheal or tracheostomy tube 

cause  of  fixed  airway  obstruction 

into the tracheal incision and begin positive pres-

(Figure 10.2). 

sure ventilation. Do not inflate cuff unless cat is 

ii)  Have a surgery pack and supplies available for 

maintained on ventilator. 

emergency tracheostomy, as well as a variety of 

vi)  Place stay sutures around adjacent cartilaginous 

sizes  (2.0–5.0 mm  ID)  of  endotracheal  tubes 

tracheal rings. It is ideal to place sutures prior to 

(Box 10.1). 

incision, but in emergent situations, time may not 

iii)  Sedation  is  helpful  to  place  an  IV  catheter, 

allow that. 

although  a  complete  oral  exam  may  require 

brief  anesthesia.  Useful  drugs  include  butor-

phanol (0.1–0.2 mg/kg IV) or hydromorphone 

Propofol  (2–8 mg/kg  IV)  is  useful,  but  may 

(0.05 mg/kg IV) and diazepam (0.2 mg/kg IV). 

result  in  hypotension  and  apnea.  Avoid  keta-

mine, as altered laryngeal function is possible, 

which could lead to errors in interpretation, but 

if needed may be used. 

iv)  Use  laryngoscope  to  visualize  glottis.  Assess 

first for a mass lesion; if no lesion is present, 

assess  laryngeal  function.  Doxapram  (0.5 mg/

kg IV) is useful as a diagnostic adjuvant to tem-

porarily  stimulate  respiratory  efforts  if  laryn-

geal paralysis remains a concern. 

v)  If a mass is present, intubation may be chal-

lenging. Smaller tubes and careful observation 

of the air flow (may be visualized as bubbles 

through the distorted lumen) may permit cap-

ture of the airway. Excessive attempts to force 

an endotracheal tube into place will result in 

swelling  and  possible  hemorrhage  when  a 

mass  is  present.  However,  successful  intuba-

tion  is  ideal  for  patient  care  and  complete 

evaluation. 

vi)  Consider  a  tracheostomy  (if  orotracheal  intu-

bation  is  not  possible  and  the  tracheostomy 

will  bypass  the  obstruction)  followed  by  a 

Figure 10.2  Note the mass on this cat’s right (upper) arytenoid. 

biopsy  or  debulking  procedure.  A  biopsy 
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iv)  If  respiratory  failure  appears  imminent, 

due  to  postprocedural  swelling  and  bleeding. 

intubate patient for mechanical ventilation. 

Informed  client  consent  about  the  potential 

1)  Induction:  hydromorphone  0.05 mg/kg  IV 

need as well as risks and benefits (see Box 10.1) 

and diazepam 0.2 mg/kg IV. 

of a tracheostomy are warranted prior to pro-

2)  Intubation: 3 or 4 endotracheal tubes. 

ceeding with an oral examination. 

3)  Ventilation: ventilator, anesthesia machine, 

vii)  Tracheostomies may be lifesaving procedures, 

or Ambu bag with 100% oxygen. 

but are associated with some risks, especially in 

–  Start  breathing  for  the  patient  at  10–20 

cats.  Specifically,  due  to  the  small  size  of  the 

breaths  per  minute.  Inspiratory  time 

trachea and the general reactivity of the feline 

should  be  about  1 second  with  an  ideal 

airway,  the  tube  is  at  increased  risk  to  get 

inspiratory to expiratory ratio of 1:2. 

clogged with mucus or dislodged (see Box 10.1). 

–  Minute  ventilation  (or  oxygen  flow) 

Cats with tracheostomy tubes in place should 

requirements are 150–250 mL/kg/min. 

be carefully observed, and all personnel should 

–  Maintain  airway  pressure  at  <20 cm 

be  familiar  with  replacement  of  the  tube. 

H2O.  Patients  with  severe  parenchymal 

Additional  recommendations  include  place-

disease  may  require  higher  peak  airway 

ment  of  a  “trach  kit”  by  the  cage  of  the  cat, 

pressures,  but  higher  peak  airway  pres-

which  includes  a  new  tube,  Q- tips,  scissors, 

sures can be associated with development 

syringe/needle, and propofol, so that valuable 

of  a  pneumothorax,  so  use  lowest  pres-

time is not lost gathering supplies in the event 

sure possible to maintain oxygen satura-

of a crisis. 

tion >90%. 

d)  Rapid,  smooth,  shallow  breathing  with  crackles 

–  Positive  end- expiratory  pressure  (PEEP) 

or harsh lung sounds suggests pulmonary paren-

valves  may  be  helpful  in  keeping  small 

chymal  disease  such  as  cardiogenic  pulmonary 

airways and alveoli open and increasing 

edema (congestive heart failure [CHF]), noncar-

oxygen saturation. 

diogenic  pulmonary  edema  (secondary  to  chok-

–  A deep breath to 20–25 cmH2O every half 

ing/upper  airway  obstruction,  electrocution, 

hour can help decrease small airway col-

seizures,  or  head  trauma),  endomyocarditis/

lapse also. 

inflammatory  lung  lesions,  pulmonary  hemor-

–  Monitor pulse oximetry, end- tidal CO2, 

rhage (coagulopathy, neoplasia, etc.), contusions, 

and  arterial  blood  gas  if  possible. 

infiltrative disease (bacterial pneumonia, fungal, 

Arterial blood gas sampling is very chal-

toxoplasmosis, lymphoma, etc.), smoke, or other 

lenging  in  cats  and  often  limited  to 

toxin inhalation. 

anesthetized patients, and it is not indi-

i)  The  most  common  parenchymal  diseases  in 

cated in awake feline patients with res-

cats  that  present  with  respiratory  distress  are 

piratory distress. 

cardiogenic pulmonary edema and nonspecific 

–  Perform tracheal wash while intubated to 

inflammatory lung lesions. 

help with diagnosis if indicated. 

ii)  If cardiogenic pulmonary edema is suspected 

v)  Consider  point- of  care  ultrasound,  both  for 

based  on  the  rest  of  PE  (e.g.,  heart  murmur, 

evaluation of cardiac size and also presence or 

gallop  rhythm,  low  rectal  temperature,  etc.) 

absence of B- lines and/or pleural effusion. In 

and history, administer furosemide (1–4 mg/kg 

most  emergency  hospitals,  the  point- of  care 

IV or IM; avoid SQ, as systemic absorption may 

ultrasound  is  used  quiet  quickly  after  patient 

be  compromised  with  poor  cardiac  output; 

arrival. 

repeat as needed up to q 1 hour for 4–6 hours). 

vi)  Once  patient  is  stabilized,  proceed  with  tho-

If  pulmonary  edema  suspected,  let  cat  rest 

racic radiographs. 

in oxygen. 

1)  With patchy or perihilar alveolar pattern ± 

iii)  Nitroglycerin  paste  may  be  used  with  very 

enlarged cardiac silhouette, continue treat-

strong suspicion of heart failure based on aus-

ment with oxygen and furosemide as needed 

cultation of heart murmur, history of heart dis-

and perform echocardiogram to determine 

ease,  pleural  effusion,  and/or  cardiogenic 

cause of heart failure. 

pulmonary edema. Place ¼ inch topically; may 

–  Normal heart size in cats (use standard 

be used for venodilation. 

radiograph  and  vertebral  heart  size 

[image: Image 29]
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measurements;  Figure  10.3):  patient 

Table 10.1  Recommendation for antibiotic therapy in possible may  still  have  heart  disease  due  to 

respiratory disease. 

concentric  nature  of  hypertrophic 

cardiomyopathy. 

Potentiated amoxicillin  10–15 mg/kg orally twice a day

(Clavamox®)

2)  With dorsocaudal alveolar pattern and low 

suspicion of cardiac disease, research possi-

Cephalexin

20 mg/kg orally twice a day

bility of noncardiogenic edema (determine 

Doxycyline

5–10 mg/kg/day orally per day; 

follow tablets with syringe of water 

if cat had experienced upper airway obstruc-

to try to prevent esophageal stricture

tion,  head  trauma,  electrocution,  or  sei-

Enrofloxacin (Baytril®)

2.5–5 mg/kg/day orally or slow IV 

zures). 

Continue 

supportive 

care 

(off- label)

with oxygen. 

3)  With  diffuse  alveolar  pattern  and  no  evi-

 Note: Recall, cats are uncommonly affected with pneumonia; 

patchy infiltrates typically reflect another disease process. 

dence  for  heart  disease,  consider  testing 

The specific antibiotic used should reflect clinician comfort, 

coagulation  function,  including  prothrom-

availability, cost, and degree of clinical illness. Other combinations bin time, partial thromboplastin time, and 

are also effective. Oral therapy is contraindicated in cats with 

blood  smear  for  platelets.  If  coagulation 

respiratory distress. Use parenteral therapy until respiratory distress is relieved. 

function is normal and patient is assessed as 

stable,  an  endotracheal  wash  is  recom-

mended for further diagnostics. 

hernia,  or  malignant  pleural  effusion.  In 

–  If endotracheal wash is not possible due 

contrast to dogs, coagulopathy is rare. Heart 

to experience of clinicians or stability of 

failure  is  the  most  common  cause  of  pleural 

cat,  then  empirical  therapy  with  broad- 

effusion  in  cats  presenting  with  respiratory 

spectrum antibiotics and furosemide may 

distress  followed  by  lymphosarcoma  and 

be  necessary  until  stabilization  can  be 

chylothorax. 

achieved.  Intravenous  formulations  are 

ii)  If  heart  murmur/gallop  and/or  hypothermia 

recommended  to  minimize  stress  and 

are present, administer furosemide 1–4 mg/kg 

ensure delivery. See Table 10.1 for antibi-

IM or IV, not SC. Diuretics are much less effec-

otic recommendations. 

tive  against  pleural  effusion  than  pulmo-

e)  Rapid  shallow  breathing  with  abdominal  compo-

nary edema. 

nent and dull sounds; suspect pleural space disease. 

iii)  If able, place IV catheter for venous access. 

i)  Differentials  include  congestive  heart  failure, 

iv)  Perform thoracocentesis (Box 10.2) for diagnos-

trauma, chylothorax, pyothorax, diaphragmatic 

tic and therapeutic purposes. Thoracocentesis 

is  a  routine  procedure  with  substantial  bene-

fits. However, complications are possible, spe-

cifically,  iatrogenic  pneumothorax  and 

reexpansion  pulmonary  edema.  Iatrogenic 

pneumothorax is most common in cats with 

chronic effusion; over time, the pleura become 

thickened  and  may  be  inadvertently  torn  by 

the  thoracocentesis  needle.  In  acute  situa-

tions, the lung/pleura are rapidly self- sealing; 

however,  in  chronic  situations,  the  pleural 

thickening prevents adequate seal formation. 

In  severe  cases,  thoracostomy  tubes  or  even 

thoracic  surgery  may  be  required  to  prevent 

ongoing air leakage. 

1)  Reexpansion pulmonary edema (NCPE) can 

Figure 10.3  Vertebral heart score (VHS) in cats. Measure both be a complication of relief of chronic lung 

the long and short axes of the heart on a lateral thoracic 

collapse due to effusion (Table 10.2) or dia-

radiograph. Then, starting at L4, measure caudally. Add these 

phragmatic hernia. 

two numbers to give the VHS. The reference range is 7.5 ± 0.3 

vertebrae.  Source: Litster AL, et.al, (2000), 216:210–214 / with 2)  A thoracostomy tube may be warranted in 

permission of American Veterinary Medical Association. 

recurrent  effusion  or  if  a  recurrent 
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Box 10.3  Thoracostomy (Chest) Tube Placement

1)  Clip area over sixth to eighth intercostal space. 

1)  Establish vascular access first; gather supplies. 

Perform a sterile prepover clipped area. 

2)  Preoxygenate for 5 minutes prior to anesthesia if 

2)  Attach butterfly needle (21 or 23 Ga) to extension 

possible; induce general anesthesia. Most clini-

set, followed by three- way stopcock and 12–30- ml 

cians prefer to place chest tubes in anesthetized 

syringe. Have collection container ready. In obese 

cats unless their condition is moribund. Use cardi-

cats, a 1.5- in. needle or longer may be required. 

oprotective anesthetic protocols and try to limit 

3)  Insert the needle through the chest wall. A distinc-

anesthesia time. 

tive “pop” may be appreciated by the more experi-

3)  Intubate, ventilate, and maintain on 100% oxygen. 

enced operator. 

4)  Monitor with continuous EKG, pulse oximetry, and 

4)  Remove all fluid or air. 

assessment of anesthetic depth. 

5)  Determine the total protein of fluid and submit fluid 

5)  The cat may be placed in sternal or lateral recum-

for cytological analysis. 

bency at the operator’s preference. 

6)  Sterilely prepare the site, from 3rd to 13th rib, dor-

 Note: A thoracostomy tube may be warranted in recurrent effusion sal to ventral midline, and drape. 

or if a recurrent pneumothorax is present. 

7)  Have assistant pull skin from level of 4th rib 

cranially. 

pneumothorax is present (Box 10.3). NCPE 

8)  Make 1- cm incision cranial to rib at 7th, 8th, or 9th 

is potentially more likely with application of 

rib space. 

negative  pressure  to  the  pleural  space  via 

9)  Bluntly dissect with hemostats into pleural cavity 

thoracostomy tube or when overenthusias-

or carefully use sharp dissection. Trochar use in 

tic ventilation is used. Lungs will gradually 

cats can be challenging, since their chests are so 

reinflate  on  their  own;  peak  inspiratory 

compressible— the chest often just collapses with 

pressure  should  be  limited  to  20  cmH

pressure on trochar instead of puncturing chest 

20. 

Reexpansion  pulmonary  edema  is  charac-

cavity. Therefore, it is often easiest to perform a 

terized  by  decline  in  oxygen  saturation, 

mini approach. Some clinicians prefer red rubber 

increased respiratory rate and effort, and/or 

catheters for chest tubes in cats. 

crackles and harsh lung sounds. 

10)  Once pleural space is punctured, start positive 

f)  Prolonged expiration, wheezes, and cough. 

pressure ventilation (if not already performing). 

i)  Suggest  lower  airway  disease,  colloquially 

11)  Advance chest tube over trochar cranially. 

referred to as feline asthma. 

12)  Have assistant release skin to form subcutaneous 

ii)  Administer  dexamethasone  0.25–0.50 mg/kg 

tunnel to decrease risk of pneumothorax and 

IV or IM. 

infection. 

iii)  Consider bronchodilator therapy with inhaled 

13)  Place purse- 

string suture around chest tube 

albuterol  or  subcutaneous  terbutaline 

entrance into skin to secure tube location. Some 

(0.01 mg/kg). 

clinicians also like to place suture through skin 

Table 10.2  Types of pleural effusion and associated diseases (most feline effusions are modified transudates). 

Type of effusion

Protein level

Cell count

Other

Associated diseases

Transudate

<2.5 g/dl

<1000/μl

SG <1.016

Heart failure, hypoalbuminemia (<1.5 g/dl)

Modified transudate

>2.5 g/dl

1000–8000/μl

Heart failure, neoplasia

Chylous

>2.5 g/dl

1000–22 000/μl

Triglyceride >100 mg/dl 

Heart failure, neoplasia, idiopathic, other

>2–3× that of serum

Exudate (septic 

>3.0 g/dl

>5000/μl

Bacterial, FIP, fungal, protozoal, parasitic, 

or nonseptic)

neoplasia, immune- mediated

Hemorrhagic

Trauma, neoplasia, coagulopathy
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clothing before getting the patient to minimize 

and around tube at midway point of subcutaneous 

patient time out of oxygen. Only one view at a 

tunnel for added security. 

time may be possible due to respiratory distress. 

14)  A bandage is often despised by the cat; a Tegaderm 

Avoid  laying  cat  on  its  back  for  ventral–dor-

(3M, St. Paul, MN) is often adequate. 

sal view. 

15)  Attach adaptors and chest tube extension set with 

ii)  Point- of- care  ultrasound  is  exceedingly  useful 

three- way stopcock and injection caps. 

for evaluating cardiac function, the presence of 

16)  Evacuate and clamp tube for additional security in 

pulmonary  fluid  (“B  lines”),  and  pleural 

case adaptor, extension, or stopcock comes off. 

effusion. 

17)  Alternatively, a small bore (e.g., Mila) chest tube 

iii)  Endotracheal wash. 

may be placed in cats with less stress and often 

iv)  Echocardiogram and ECG. 

less anesthesia. 

v)  NT- proBNP test may be performed on plasma 

18)  Assure familiarity with chest tube care among all 

as  a  point- of- care  test;  a  positive  test  sup-

hospital personnel. 

ports CHF. 

vi)  Thoracic  ultrasound  or  CT  scan  for  more 

detailed assessment of pulmonary parenchyma 

1)  If concurrent cardiac disease is suspected or 

and pleural space. 

cannot be excluded, you may wish to avoid 

i)  Client education

terbutaline due to beta effects, which could 

i)  Respiratory distress is serious. 

cause detrimental increase in heart rate. 

ii)  Specific  therapy  is  more  likely  to  be  effective 

iv)  Most  (all)  lower  airway  disease  cats  should 

than supportive care. 

show  prompt  improvement  following  beta- 2 

B)  Pleural space disease

(albuterol)  and  steroid  therapy.  Failure  to 

a)  Definition

improve  within  8–12 hours  should  promote 

i)  The area surrounding the lung lobes lined by 

reconsideration of the diagnosis. 

parietal  or  visceral  pleura  depending  on  the 

g)  Hypoventilation

surface against which the pleura rests. 

i)  Suggests brain, cervical spinal cord (diaphrag-

1)  Parietal pleura lines the body wall. 

matic nerve damage), or lower motor neuron 

2)  Visceral pleura lines the lungs and organs. 

disease. 

ii)  Normally  contains  no  more  than  3–5 ml  of  a 

ii)  Evaluate arterial PCO2 or end- tidal CO2; con-

low- protein fluid. 

sider mechanical ventilation. Pulse oximetry is 

1)  Mostly lubricant function. 

insensitive  for  determining  hypoventilation, 

b)  Clinical signs of pleural space disease

particularly  in  the  face  of  supplemental  oxy-

i)  Mild  to  severe  depending  on  the  volume  of 

gen. Additionally, end- tidal CO2 analysis may 

pleural effusion or severity of disease. 

provide  a  false  sense  of  security,  and  normal 

ii)  Mild tachypnea to overt respiratory distress. 

values  should  not  be  taken  to  indicate  that 

iii)  Respiratory pattern:

hypoventilation is not present. 

1)  Exaggerated  inspiratory  effort;  abdominal 

iii)  If severe altered mentation is present, in addi-

component is often noted. 

tion  to  careful  monitoring  and  ventilatory 

2)  The pattern of breathing can resemble signs 

support, consider the possible presence of cer-

of upper airway obstruction. 

ebral  edema  and  administer  dexamethasone 

iv)  Decreased lung sounds on thoracic auscultation:

0.25 mg/kg  IV  and  mannitol  0.5–1.0 g  IV  over 

1)  Most  pronounced  ventrally  with  pleural 

20 minutes  (see  Chapter  25—Neurologic 

effusion. 

Emergencies: Brain & Chapter 26—Neurologic 

2)  Muffled heart sounds. 

Emergencies: Spinal Cord). 

c)  Types of pleural space disease

h)  Further diagnostics for all conditions

i)  Pleural effusion

i)  Chest  radiographs  are  warranted.  It  is  often 

1)  Abnormal  accumulations  of  fluid  in  the 

still  possible  to  interpret  suboptimally  posi-

pleural space. 

tioned films. Set up the radiology suite prior to 

2)  Classifications (see Table 10.2):

moving the cat from the oxygen cage. Set mAs, 

–  Transudate

kV, and plate, and put pedal in easily accessible 



●

Protein <2.5 g/dl, nucleated cell count 

position  if  needed.  Put  on  protective  lead 

<1000/μl. 

[image: Image 30]
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–  Modified transudate



●

Protein  <2.5–3.5 g/dl,  cell  count 

<1000–5000/μl. 

–  Exudate (septic or nonseptic)



●

Protein >3.5 g/dl, cell count >5000/μl. 

–  Chylous



●

Protein >2.5, cell count >500/μl. 



●

Gross appearance of milky white fluid 

(variable). 



●

Contains chylomicrons and lymph. 



●

Does not clear upon centrifugation. 



●

Pleural  fluid  triglyceride  and  choles-

terol concentrations. 

■ 

Triglyceride concentration 

>100 mg/dl. 

■ 

Cholesterol:triglyceride ratio <1. 

–  Pseudochylous



●

Grossly similar to chylous effusion. 



●

Associated with chronic inflammatory 

conditions of the thoracic cavity. 



●

Clears upon centrifugation. 



●

Contains no chylomicrons. 



●

Fluid  is  typically  high  in  cholesterol, 

but low in triglyceride. 

–  Hemorrhagic

3)  Diagnosis of pleural effusion

–  Thoracic radiography images



●

Small volume. 

■ 

Pleural fissure lines. 

● 

Large volume can be seen when fluid 

(pleural effusion) collects in fissures, 

which are the normal divides between 

lung lobes. Fissures are not normally 

visualized on radiographs, but become 

apparent when filled with fluid. 

■ 

Obscured cardiac silhouette. 

Figure 10.4  Thoracocentesis performed in a cat with pleural 

■ 

Rounded borders of lung lobes. 

effusion. Supplies include a 10–20- ml syringe, a three- way 

stopcock, and 19–21- Ga butterfly needle. Aseptic technique is 

■ 

Retraction  of  lung  lobes  from 

body wall. 

recommended. 



●

Thoracic ultrasound images



■

Fluid  density  (hypoechoic)  sur-



■

Often  immediate  improvement  in 

rounding lung lobes (see Figure 10.6). 

clinical signs. 

■ 

Lung  lobes  may  appear  to  be 



●

Complications

floating. 



■

Pneumothorax with repeated thora-

■ 

Can help guide thoracocentesis. 

cocentesis or chronic pleural disease. 



●

Thoracocentesis (see Figure 10.4)



■

Pleural hemorrhage. 

■ 

22- g  needle  with  extension  tubing 

4)  Causes of pleural effusion

and three- way stopcock. 

–  Congestive heart failure

■ 

Butterfly  catheter  often  selected 



●

Common in older cats, but can occur 

in cats. 

at any age. 

■ 

6th–10th  intercostal  space,  asepti-



●

Physical examination findings

cally prepared. 



■

Shortness of breath. 
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■ 

Cardiac murmur or gallop. 



⚪ Repeat. 

■ 

Distended jugular pulses. 



⚪ Always provide bowl of water. 

■ 

Hypothermia is common. 



⚪ Avoid subcutaneous injection. 

● 

Diagnosis

◆  Questionable absorption due 

■ 

Thoracocentesis

to lack of peripheral 



⚪ Modified  transudate  or  chylous 

perfusion. 

effusion most commonly noted. 



■

Nitroglycerin paste

■ 

Thoracic radiography



⚪ Venous vasodilator. 



⚪ Pulmonary  edema  or  pleural 



⚪ ¼- in. strip applied to ear pinna or 

effusion. 

groin (clipping hair away at area 



⚪ Enlarged cardiac silhouette. 

of  application  may  facilitate 



⚪ Distended pulmonary vessels. 

absorption). 



⚪ Better  visualization  of  thoracic 



⚪ Gloves 

must  be  worn  for 

structures when performed after 

application. 

thoracocentesis. 



⚪ Efficacy questionable due to lack 

■ 

Echocardiogram

of peripheral perfusion. 



⚪ Evidence of cardiomyopathy



■

Nitroprusside



◆

Hypertrophic  cardiomyopathy 

(HCM) most common. 



⚪ Potent 

arterial  and  venous 

vasodilator. 

◆  Intermediate,  restrictive,  or 

dilated  cardiomyopathy  also 



⚪ Intravenous, continuous infusion. 

seen. 



◆

Dose  0.5–5 μg/kg/min— start 

low. 



⚪ Left  atrium  enlargement  sup-

ports a diagnosis of CHF. 



⚪ Rarely  needed  in  the  absence  of 

severe pulmonary edema. 



◆

May be less dramatic following 

multiple doses of furosemide. 



◆

Most commonly used for sev-

eral  hours— up  to  24 hours 

■ 

NT- pro BNP test may be performed 

on  plasma  or  pleural  effusion;  a 

in cats. 

positive test supports CHF. A nega-



⚪ Complications

tive  test  makes  heart  disease 



◆

Extreme  hypotension,  may 

less likely. 

be fatal. 



❖

Blood  pressure  monitoring 

● 

Emergent therapy

may be considered, but may 

■ 

Oxygen supplementation. 

be challenging. 

■ 

Low- stress environment. 



◆

Cyanide toxicity with extended 



■

Thoracocentesis (see Figure 10.4). 

use (>3 days). 

⚪  Removal of as little as 50 ml can 

vastly  improve  respiratory 



■

Sedation, intubation

distress. 



⚪ Consider  when  clinical  signs 

cannot be controlled with thora-



⚪ Large volume effusion often pre-

sent (up to 350 ml). 

cocentesis, furosemide, and oxy-

gen supplementation; this should 



⚪ Both  left  and  right  sides  for  best 

drainage. 

be very uncommon. 



⚪ Radiographs  ideally  taken  fol-



⚪ Control of airway. 

lowing thoracocentesis. 



⚪ Administration of 100% oxygen. 



◆

Better visualization of cardiac 



⚪ Sedative selection

structures. 



◆

Minimal cardiovascular 

depression. 



◆

Help  rule  out  other  causes  of 

pleural effusion. 



◆

Diazepam (0.2–0.5 mg/kg). 



❖

Cranial mediastinal mass. 



◆

Hydromorphone  (0.05–0.2 mg/ 

■ 

Furosemide

kg IV). 



⚪ Loop diuretic. 



◆

Reversible



⚪ 2–4 mg/kg IM or IV. 



❖

Naloxone. 
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–  Septic  pleuritis  (pyothorax,  thoracic 



⚪ Three of four criteria present:

empyema, etc.)

◆  Fever (>103.5 °F) or hypother-



●

Definition

mia (<100 °F). 



■

Pleural  accumulation  of  purulent 

◆  Tachycardia  (>225 bpm)  or 

exudates  associated  with  bacterial 

bradycardia (<140 bpm). 

infection. 

◆  Tachypnea (>40 breaths/min). 



●

Etiology



◆

White  blood  cell  count 



■

Young cats. 

>19 500/|UL, or <5000/|UL, or 



■

Access  to  outdoors,  multicat 

>5% bands. 

household. 



■

Radiographic  evidence  of  pleural 



■

Seasonal variation. 

effusion (Figure 10.5)



⚪ Most common in summer and fall 



⚪ Unilateral or bilateral effusion. 

months. 

◆  Most commonly bilateral. 



●

Causes of septic pleuritis



■

Thoracic ultrasound (Figure 10.6)



■

Direct inoculation. 



⚪ Echogenic effusion. 

⚪  Penetrating  bite  wound  over 



⚪ Possible  atelectasis  or  lung  lobe 

thorax. 

abscess. 

◆  Often not documented. 



■

Thoracocentesis



⚪ Complications of thoracic trauma, 



⚪ Thick, malodorous fluid. 

surgery. 

◆  Red brown or cream colored. 



■

Ruptured lung lobe abscess. 



■

Fluid cytology



■

Bronchopneumonia. 



⚪ Septic suppurative inflammation 



■

Esophageal rupture. 

(Figure 10.7a,b). 



■

Migrating foreign body. 

◆  Primarily 

neutrophilic 



■

Parasitic migration. 

exudate. 



●

Clinical signs

◆  Intracellular bacteria. 



■

Most common



⚪ Suppurative inflammation

⚪  Tachypnea or dyspnea. 

◆  Neutrophils only. 

⚪  Reduced appetite. 

◆  Filamentous 

organisms  on 

⚪  Lethargy. 

cytology. 



■

Other clinical signs

❖  Nocardia and Actinomyces. 

⚪  Hypersalivation. 



■

Bacterial culture

⚪  Cough (rare). 



⚪ Infections often polymicrobial. 

⚪  Ocular or nasal discharge. 

◆  Anaerobes 

and  facultative 



●

Physical examination

anaerobes. 



■

Tachypnea or dyspnea. 



⚪ Aerobic  and  anaerobic  cultures 



■

Fever or hypothermia. 

recommended. 



■

Dehydration. 



⚪ Most 

common 

infectious 



■

Muffled heart sounds. 

agents. 



■

Poor body condition. 

◆  Aerobes



■

Pale mucous membranes. 

❖  Pasteurella spp. 



■

Cardiovascular collapse possible

❖  Actinomyces spp. 

⚪  Collapse. 

◆  Anaerobes

⚪  Mentation changes. 

❖  Bacteroides spp. 

⚪  Hypotension. 

❖  Peptostreptococcus 

⚪  Tachycardia or bradycardia. 

anaerobius



●

Diagnosis

❖  Fusobacterium spp. 



■

Clinical  signs  of  systemic  inflam-

❖  Clostridium spp. 

mation (SIRS); some clinicians feel 

❖  Porphyromonas spp. 

this is less helpful. 

❖  Prevotella spp. 

⚪  Not present in all cases. 



●

Treatment

[image: Image 31]
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Figure 10.5  Dorsoventral radiograph of a cat with unilateral pleural effusion. The cardiac silhouette is shifted to the left due to the effusion in the right hemothorax. There is flattening of the diaphragm consistent with increased volume within the thorax. The caudal aspects of the lung lobe margins are rounded, consistent with restrictive pleuritis. 

■ 

Oxygen supplementation. 



◆

Metronidazole  (5–10 mg/kg) 

■ 

Antimicrobial therapy. 

IV BID–TID. 



⚪ Broad- spectrum, 

combination 



⚪ Tailor  antimicrobial  to  culture 

therapy. 

and sensitivity results. 



⚪ Empiric  pending  results  of  cul-



⚪ Duration of therapy 4–6 weeks. 

ture and sensitivity. 

■ 

Fluid resuscitation



⚪ Obligate anaerobes



⚪ Replacement fluid



◆

Ampicillin (2.2 mg/kg IV TID). 



◆

Lactated Ringer’s or 0.9% NaCl. 



◆

Amoxicillin–clavulanic  acid 



◆

Rate: 5–10 mL/kg/h. 

(13.75 mg/kg PO BID). 



◆

Reduce  rate  when  end  points 



◆

Clindamycin  (11 mg/kg  IV 

are met. 

BID, 5–10 mg/kg PO). 



◆

Consider  more  gradual  resus-

citation  in  cats  with  known 

underlying cardiac disease (see 

Chapter 8—Fluid Therapy). 



⚪ Goals



◆

Improved mentation. 



◆

Alert  or  arousable,  sternal 

recumbency. 



◆

Normalization 

of 

blood 

pressure. 



◆

Systolic  >100 mmHg  using 

Doppler. 



◆

Normalization  of  heart  rate: 

HR 160–180 bpm. 



◆

Resolution of hyperlactatemia. 



❖

Lactate <2.5 mmol/l. 

■ 

Drainage of pleural space

Figure 10.6  Thoracic ultrasound image of a cat with severe 



⚪

pleural effusion. Note the echogenic nature of the effusion and 

Thoracostomy tubes preferred. 



◆

the associated fibrin tags. 

More complete drainage. 

[image: Image 33]
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initial  aspiration  or  after  initial 

flush drainage). 

◆  15–20 ml/kg warm saline. 

❖  Instill and drain. 

◆  Indications:

❖  Effusion that is thick or con-

taining solid particles. 



❖

Persistent  obstruction  of 

thoracostomy tube. 

◆  Major complication: infection. 



■

Thoracotomy

⚪  May  improve  outcome,  particu-

larly if a fluid is very pocketed. 

a

⚪  Persistent  pleural  fluid  accumu-

lation or cannot effectively drain 

with  chest  tubes  due  to  locula-

tion  and  compartmentalization 

of fluid. 

⚪  Mass effect suggestive of abscess. 

⚪  Advantage:



◆

Complete exploration of thorax. 

◆  Complete drainage. 

⚪  Disadvantage:

◆  Increased length of 

hospitalization. 

◆  Increased cost of treatment. 

◆  Likely  increased  pain  and 

morbidity. 



■

b

Prognosis

⚪  60–70% survival in treated cats. 

Figure 10.7  (a) Effusion cytology in a cat with pyothorax. 

⚪  Cost of care can be significant. 

Note the septic suppurative inflammation (predominance of 

–  Chylothorax

neutrophils with intracellular bacteria). Here both intracellular 



●

and extracellular bacteria along with degenerative neutrophils 

Definition



■

can be identified. Source: photo courtesy of Dr. Joyce Knoll. 

Intrapleural  accumulation  of  chy-

(b) Effusion cytology of a cat with pyothorax. Here intracellular 

lous fluid. 

(thick arrow) and extracellular (thin arrows) filamentous rods 

⚪  Lymph and chylomicrons. 

are identified. These findings are consistent with either 



●

Actinomyces or Nocardia.  Source: Photo courtesy of Dr. 

Predispositions



■

Joyce Knoll. 

Older cats > younger cats. 



■

Purebred  cats  overrepresented  in 

some studies, for example, Siamese, 

Himalayans, etc. 

◆  General anesthesia. 



●

Causes of chylothorax

◆  Control of airway (intubation). 



■

Idiopathic. 

◆  Bilateral  tube  placement  for 



■

Cardiomyopathy  and  congestive 

bilateral effusion. 

heart failure. 

❖  7th–8th intercostal space. 



■

Neoplasia. 

◆  Median duration 5 days. 



■

Heartworm disease. 

⚪  Intermittent drainage. 



■

Thoracic lymphangiectasia. 

◆  Thoracocentesis. 

⚪  Functional  obstruction  of  lym-

⚪  Pleural lavage (initially 2–3 times 

phaticovenous junction. 

per day, and decrease frequency, 



■

Trauma to the thoracic duct. 

as  fluid  becomes  more  clear  on 



■

Lung lobe torsion. 
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■

Cranial vena caval obstruction. 

recently  been  described  as 



⚪ Tumor. 

another approach. 



⚪ Thrombus. 



⚪ Pleuroperitoneal shunts. 



⚪ Granuloma (heartworm disease). 



⚪ Pleurodesis. 



■

Diaphragmatic hernia. 



⚪ Improvement in roughly 20–50% 



■

Fungal infection. 

of cases. 



●

Clinical signs



◆

3–7 days following surgery. 



■

Dyspnea  and  cough  most  com-

–  Neoplasia

monly noted. 



●

Mediastinal or parenchymal in origin



●

Diagnosis



●

Mediastinal mass



■

Thoracic radiography/ultrasound. 



■

Lymphosarcoma. 



■

Thoracocentesis



■

Thymoma. 



⚪ White or pink, opaque fluid. 



⚪ Must 

differentiate 

from 



⚪ Fluid analysis:

lymphosarcoma. 



◆

Pleural  fluid  triglyceride  con-



⚪ Must be removed surgically. 

centration >  serum  triglycer-



■

Branchial cyst. 

ide concen tration. 



⚪ Benign lesion. 



◆

Pleural  fluid  cholesterol 



●

Pulmonary parenchymal neoplasia

concentration:triglyceride  con-



■

Pulmonary adenocarcinoma. 

centration ratio <1. 



●

Other



⚪ Fluid cytology:



■

Lymphangiosarcoma. 



◆

Primarily lymphocytes. 



■

Metastatic disease. 



◆

Ratio  of  neutrophils  to  lym-



●

Clinical signs

phocytes  may  increase  over 



■

Respiratory compromise. 

time. 



■

Regurgitation associated with medi-



●

Treatment

astinal masses. 



■

Medical management



⚪ Likely esophageal compression. 



⚪ Low triglyceride diet. 



■

Weight loss. 



◆

Reduce chyle in thoracic duct. 



■

Lethargy, reduced appetite. 



◆

Often poorly palatable. 



●

Diagnosis



◆

Low caloric content. 



■

Neoplastic  cells  noted  on  fluid 



⚪ Rutin  (50–100 mg/kg  BID  or 

cytology. 

TID); limited evidence of efficacy. 



⚪ Lymphosarcoma  most   commonly 



◆

Benzopyrone compound. 

noted. 



◆

Stimulates  uptake  of  chyle  by 



■

Reduced compressibility of the cra-

macrophages. 

nial thorax. 



⚪ Intermittent thoracocentesis. 



⚪ Mediastinal masses. 



◆

Long- term effects. 



■

Thoracic radiography. 



❖

Restrictive pleuritis. 



⚪ Pleural effusion. 



❖

Protein and electrolyte loss. 



⚪ Mass effect cranial to the heart. 



❖

Nutritional wasting. 



■

Thoracic ultrasound. 



■

Surgical management



⚪ Pleural effusion. 



⚪ Failure of medical management. 



⚪ Mass effect cranial to heart. 



⚪ Persistent chylous effusion. 



●

Treatment



⚪ Lymphangiography  to  highlight 



■

Oxygen supplementation. 

thoracic duct (CT). 



■

Thoracocentesis. 



⚪ Thoracic duct ligation. 



■

Exploratory thoracotomy. 



◆

Most commonly performed. 



⚪ Lung lobe resection. 



◆

Omentalization,  advancement 



⚪ Cranial mediastinal mass removal. 

of omentum into thorax. 



■

Lymphosarcoma is more effectively 



◆

May enhance fluid absorption. 

treated  with  chemotherapy  than 

Thoracic  duct  gluing  has 

with surgery. 
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–  Diaphragmatic hernia

ii)  Pneumothorax



●

Definition

1)  Definition

■ 

Protrusion  of  abdominal  organs 

–  Accumulation of air in the pleural space. 

into  thoracic  cavity  through  the 

2)  Causes

diaphragm. 

–  Trauma. 



●

Causes

–  Penetrating thoracic wounds. 

■ 

Most commonly traumatic. 

–  Iatrogenic secondary to thoracocentesis. 

■ 

Peritoneopericardial. 



●

Uncommon in the dog, but common in 

⚪  Abnormal  opening  between  the 

the cat with chronic pleural effusion. 

pericardial  sac  and  the  pleurop-

–  Pulmonary parenchymal abnormality. 

eritoneal membrane. 



●

Ulcerated pulmonary mass, abscess. 

⚪  Congenital 

anomaly;  rarely 



●

Bleb or bulla. 

requires surgery. 

–  Secondary to severe coughing from feline 



●

Clinical signs

asthma/bronchial disease. 

■ 

Respiratory distress. 

–  Secondary  to  tracheal  laceration  during 

■ 

Vomiting. 

endotracheal intubation. 



●

Diagnosis



●

Pneumomediastinum  and  subcutane-

■ 

Radiographs

ous emphysema often present. 

⚪  Inability  to  fully  distinguish 

3)  Clinical signs

length of diaphragm. 

–  Acute onset severe respiratory distress. 

⚪  Abdominal  structures  identified 

–  Diminished bronchovesicular sounds on 

in thoracic cavity. 

thoracic auscultation. 

◆  Liver, jejunum, and stomach. 

4)  Diagnosis

⚪  Enlarged cardiac silhouette. 

–  Thoracic radiography images. 

◆  Peritoneopericardial diaphrag-



●

Lateral view. 

matic hernia. 



■

Elevation  of  cardiac  silhouette  off 

■ 

Ultrasound

sternum. 

⚪  Can be difficult to appreciate rent 



●

Ventral dorsal view. 

in diaphragm. 



■

Retraction of lungs from body wall. 

⚪  Abdominal  structures  identified 

5)  Treatment

in thoracic cavity. 

–  Thoracocentesis. 

■ 

CT scan



●

May  be  sufficient  for  traumatic 

⚪  Not frequently required. 

pneumothorax. 



●

Treatment

–  Thoracostomy tube placement. 

■ 

Oxygen supplementation. 



●

If repeated, thoracocentesis is required. 

■ 

Exploratory laparotomy. 



●

Continuous suction. 

⚪  Manual  reduction  of  abdomi-



●

May  take  days  for  pneumothorax  to 

nal organs. 

resolve. 

◆  Adhesions 

present 

with 

–  Exploratory thoracotomy. 

chronic hernias. 



●

If  persistent  despite  repeated 

⚪  Exploratory 

thoracotomy 

thoracocentesis. 

required in rare cases. 



●

If lung pathology is suspected. 



●

Complications



■

Mass, bleb, and bulla. 

■ 

Blood loss. 

–  Airway capture if severe external wounds 

■ 

Systemic inflammation. 

present. a. Sedation, intubation. 

⚪  Cardiovascular 

instability 

–  Supportive care. 

postoperatively. 



●

Pain medication. 

■ 

Ischemic, necrotic bowel. 



●

Oxygen supplementation. 
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11

Upper Airway Disease

 Dana L. Clarke

UNIQUE FEATURES



● Cats that present for emergency care for respiratory disease have often exhausted their ability to compensate for impaired oxygenation and/or ventilation. They have limited capacity for stress and handling; visual assessment and a limited exam are often needed. 



● Supplemental oxygen should be provided until the oxygenation is documented to be adequate. 



● History, clinical signs, and observed respiratory pattern are often used to develop an initial list of differentials and diagnostic plan. 



● Common feline upper airway diseases include viral upper respiratory infections, nasopharyngeal stenosis (NPS), inflammatory laryngeal disease, and tracheal neoplasia. 



● Once the patient is stabilized, diagnostic imaging is needed in most cases of feline upper airway disease. 

11.1   History and Physical Examination

F)  Respiratory signs can be static or dynamic and occur 

with either phase of respiration. Static signs are associ-

A) Cats with upper airway disease, as well as other forms 

ated  with  fixed  intraluminal  or  extraluminal  obstruc-

of  respiratory  compromise,  often  will  not  tolerate  a 

tion or compression. Dynamic signs can worsen with 

complete  physical  examination  and  handling  upon 

stress, anxiety, activity, and increased work of breathing. 

presentation to the emergency room (ER). Visual exam-

G) Stridor (high- pitched upper airway noise) results from 

ination,  assessment  of  mucous  membrane  color  and 

breathing  against  a  fixed  or  dynamic  narrowing  any-

capillary  refill  time  (CRT),  and  brief  auscultation  are 

where  along  the  upper  airway,  but  is  especially  com-

often the only portions of the exam that may be per-

mon with laryngeal and tracheal obstructions. 

formed initially. 

H) Stertor  (low- pitched  upper  airway  noise)  and  snoring 

B)  Cats are obligate nasal breathers and will only pant or 

are uncommon in cats, although these can occur with 

open- mouth  breathe  with  marked  respiratory 

nasal or nasopharyngeal disease. 

compromise. 

I)  Nostril  flaring  indicates  increased  work  of  breathing 

C)  It is important to rule out respiratory look- alikes which 

and may occur on inspiration and/or expiration. 

can  mimic  respiratory  distress,  particularly  open- 

J)  Brachycephalic cats generally have stenotic nares as the 

mouth breathing. The most common causes of nonres-

only  component  of  brachycephalic  airway  disease 

piratory origin panting include hyperthermia, pain, and 

which can cause stridor, inspiratory dyspnea, and con-

thyroid storm. 

tribute to respiratory distress if there is compromise of 

D) Common  body  positional  changes  associated  with 

other portions of the upper airway (Figure 11.1). 

upper  respiratory  disease  include  extended  head  and 

K)  Smell is an important aspect of appetite for cats. Cats with 

neck (orthopnea) and laying sternally/inability to lie in 

nasal  disease  that  affects  olfaction  may  have  decreased 

lateral recumbency. 

appetite and food intake, or only show interest in foods 

E)  Prolonged inspiratory time with increased effort can be 

with a strong odor. Additionally, appetite may be decreased 

seen  with  obstruction  anywhere  along  the  upper  air-

in cats with any upper respiratory disease, as their respira-

way.  Expiratory  push,  with  or  without  an  abdominal 

tory compromise prevents comfortable eating. 

component,  can  also  be  noted  with  upper  airway 

L)  Dysphagia  may  be  reported  with  polyps  in  the  audi-

obstruction or lower airway disease such as asthma. 

tory tube. 

 Feline Emergency and Critical Care Medicine, Second Edition. Edited by Kenneth J. Drobatz, Erica Reineke, Merilee F. Costello, and William T. N. Culp. 

© 2023 John Wiley & Sons, Inc. Published 2023 by John Wiley & Sons, Inc. 

[image: Image 35]

110  Upper Airway Disease

(harsh  lung  sounds,  crackles,  wheezes,  decreased  air 

movement, etc.) and referred upper airway sounds are 

important. If referred upper airway sounds are noted, 

auscultation of the nasal passage, larynx, and trachea 

should be performed to localize the point of maximal 

intensity. 

11.2   Nasal Diseases

A) Feline upper respiratory tract complex

a)  Feline herpesvirus- 1 (FHV- 1) and feline calicivirus 

(FCV) account for approximately 90% of cases. 

b)  H1N1  influenza  virus  has  been  documented  in 

house  cats  where  transmission  was  likely  from 

infected humans in the home. There is also prelimi-

nary evidence that cats can contract Severe Acute 

Respiratory  Syndrome  associated  with  Covid- 19 

(SARS- CoV- 2) infection, but additional research is 

Figure 11.1  Markedly stenotic nares in a 8- month- old exotic needed to understand the nature of this emerging 

shorthair kitten with inspiratory stridor on exertion. 

feline viral respiratory disease. 

i)  Cats infected with H1N1 can also develop severe 

lower respiratory disease and pneumonia. 

M) Nasal discharge can be unilateral or bilateral and range 

c)   Chlamydia psittaci,  Mycoplasma felis, and  Bordetella from  serous,  mucoid,  mucopurulent,  sanguinous,  or 

 bronchiseptica are most commonly secondary bac-

hemorrhagic. Unilateral nasal discharge is secondary to 

terial pathogens, but can also be primary bacterial 

disease  rostral  to  the  common  nasopharynx,  whereas 

pathogens.  Cats  most  commonly  affected  include 

bilateral nasal discharge is due to disease in both nasal 

kittens,  cats  from  catteries  or  shelters,  brachyce-

passages or disease caudal to the common nasopharynx. 

phalic  cats,  and  those  that  are  immunocom-

N)  Halitosis in the absence of severe dental disease can be pre-

promised. 

sent with oronasal fistulas and nasopharyngeal infection. 

d)  Clinical signs:

O) Cats may rub or paw at their face due to irritation from 

i)  Sneezing,  bilateral  nasal  discharge  (serous, 

nasal discharge. This may result in nasal planum irrita-

purulent,  mucopurulent,  or  sanguinous), 

tion or ulceration, local skin trauma, alopecia, ocular 

open- mouth  breathing,  ulceration  of  the  oral 

irritation, and ocular trauma (corneal ulceration). 

cavity/nares/nasal planum, and ocular compli- 

P)  Deformation  of  the  nasal  planum  may  be  seen  with 

cations are commonly seen. 

trauma, neoplasia, and  Cryptococcus sp. infection. 

ii)  Lethargy, fever, and decreased food and water 

Q) Sneezing may be acute or chronic. Nasal discharge may 

intake are commonly noted, especially in young 

be only noted with sneezing. 

or immunocompromised cats. 

R)  Reverse sneezing is occasionally seen in cats and associ-

e)  Cats are infective for at least the duration of clinical 

ated with nasal and nasopharyngeal disease/irritation. 

signs,  although  they  may  continue  to  shed  for 

S)  Hard swallowing/gagging is often associated with nasal 

2 weeks after resolution of clinical signs. 

discharge in the oropharynx, nasopharyngeal disease, 

f)  Diagnosis:

and  laryngeal  disease.  In  cats  with  upper  respiratory 

i)  Usually presumptive based on history, signal-

viral infections, hard swallowing may also accompany 

ment, and clinical signs. 

open- mouth breathing without respiratory distress. 

ii)  A  Feline  Upper  Respiratory  Disease  RealPCR 

T)  Cough is generally associated with laryngeal, tracheal, 

Panel  (IDEXX)  uses  a  deep  pharyngeal  and 

lower  airway  (most  common),  pulmonary  parenchy-

conjunctival  swab  to  test  for  FHV- 1,  FCV, 

mal, and rarely cardiac disease. In cats, a dry, hacking 

H1N1,  M. felis,  B. bronchiseptica, and  C. felis. 

cough is most common, though a more wet cough can 

g)  Treatment:

be associated with tracheal and pulmonary parenchy-

i)  Generally  supportive  care  to  address  rehy-

mal disease. 

dration,  nutritional  needs,  and  antimicro-

U) On  lung  auscultation,  assessment  for  primary  airway 

bials for primary and secondary respiratory 

and pulmonary parenchymal sounds and abnormalities 

pathogens. 
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ii)  The  efficacy  and  utility  of  systemic  antivirals 

D) Nasal foreign body

are not clearly documented. 

a)  Clinical signs: acute onset sneezing, pawing at face/

iii)  Isolation of affected cats is reasonable to pre-

nose,  reverse  sneezing,  excessive  gagging/hard 

vent in- hospital or at- home transmission. 

swallowing, respiratory distress, etc. 

h)  Prognosis  is  good  with  supportive  care,  although 

b)  Diagnosis:  advanced  imaging  with  CT  and/or 

chronic infections and nasopharyngeal stenosis can 

rhinoscopy. 

occur.  Additionally,  lifelong  viral  shedding  can 

c)  Treatment: nasal flushing and rhinoscopic retrieval 

occur in some cats. 

preferred,  though  surgical  extraction  through  rhi-

B)  Fungal infections

notomy could be required. 

a)  Generally  secondary  to   Cryptococcus  neoformans 

d)  Prognosis  is  good  with  prompt  removal.  Chronic 

and  Aspergillus sp. 

rhinitis  can  occur  if  the  foreign  material  is  not 

i)  Brachycephalic  cat  breeds  predisposed  to 

removed in a timely manner, even after removal. 

 Aspergillus infections. 

E)  Nasal neoplasia

ii)  Prior trauma from a nasal foreign body, neopla-

a)  Nasal tumors can be locally invasive, and destruc-

sia,  and  viral  rhinotracheitis  infections  may 

tive of the bony structures surrounding the nasal 

predispose to fungal infection. 

cavity, including the cribriform plate and paranasal 

iii)  Concurrent feline leukemia virus (FeLV) infec-

sinuses. 

tion common. 

i)  Lymphoma,  adenocarcinoma,  squamous  cell 

b)  Clinical signs:

carcinoma,  undifferentiated  carcinoma,  and 

i)  Bilateral  mucopurulent  nasal  discharge, 

adenoma reported. 

epistaxis, sneezing, stertor and nasal deformity, 

ii)  Lymph node and distal metastasis possible. A 

as well as local lymphadenopathy. 

syndrome  of  feline  nasal  lymphoma  with 

ii)  Can  also  infect  the  nasopharynx  which  will 

metastasis  to  the  kidneys  has  been  more 

also cause open- mouth breathing and inability 

recently recognized. 

to sleep comfortably. 

b)  Clinical signs:

iii)  Fever  and  systemic  illness  (lethargy,  ano-

i)  Sneezing,  unilateral  nasal  discharge  (mucopu-

rexia, etc.). 

rulent,  sanguinous,  etc.),  epistaxis,  exophthal-

c)  Diagnosis:

mos, epiphora, facial deformity, and neurologic 

i)   Cryptococcus can be readily detected on cytol-

signs can result. 

ii)  Airflow may be decreased to absent in one or 

ogy of nasal discharge. 

both  nostrils  depending  on  location  and 

d)  Treatment:  Antifungal  therapy  (fluconazole,  itra-

extent of tumor. 

conazole, etc.) needs to be used with caution, as it 

c)  Diagnosis:

requires frequent monitoring and can be costly due 

i)  CT is preferred to skull radiographs to evaluate 

to prolonged therapy. 

for invasiveness, extent, vascularity, and bony 

e)  Prognosis  is  good  if  infection  is  localized  to  the 

involvement/turbinate 

destruction 

nasal passage. 

(Figure 11.2). 

C)  Chronic idiopathic rhinosinusitis

ii)  Retroflexed flexible or rigid antegrade rhinos-

a)  Proposed to be secondary to prior FHV- 1 and FCV 

copy provides lesion visualization and guided 

infection. 

biopsy collection. 

b)  Clinical signs, which may be chronic and/or recur-

iii)  For nasal masses rostral to the medial canthus 

rent,  include  sneezing,  nasal  discharge  (ranging 

that  occupy  most  of  the  nasal  passage,  blind 

from serous to hemorrhagic), and stertor. 

nasal biopsies can be obtained. 

c)  Relapsing respiratory and ocular complications can 

iv)  Cytology  and  histopathology  can  provide  a 

also occur in adult cats. 

definitive diagnosis. 

d)  Diagnosis:

d)  Treatment:

i)  Advanced imaging with computed tomography 

i)  Radiation  (definitive  or  palliative)  and  chemo-

(CT), rhinoscopy, and endoscopic biopsies and 

therapy are traditional therapies for feline nasal 

culture. 

neoplasia. 

ii)  Viral testing is often of limited value. 

ii)  Intra- arterial chemotherapy/chemoemboliza-

e)  Treatment involves culture- guided antibiotic ther-

tion  can  be  considered  for  certain  vascular 

apy, anti- inflammatory steroids, saline installation 

nasal  tumors  for  minimally  invasive  locore-

into the nasal passages, and antihistamines. 

gional disease control. 
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a

b

Figure 11.2  (a) Axial postcontrast CT images showing a destructive, occlusive nasal mass in an 11- year- old cat. (b) Dorsal postcontrast CT images of the same mass, which was confirmed to be lymphoma on blind nasal biopsy. 

e)  Prognosis  is  guarded  to  poor  and  depends  on 

associated  with  a  40–50%  recurrence  rate 

tumor  type,  central  nervous  system  involved, 

due  to  failure  to  remove  the  mucosa  from 

presence  of  metastatic  disease,  and  response  to 

which the polyp arises. 

therapy. 

2)  Ventral  bulla  osteotomy  (VBO)  is  recom-

mended, especially for cats with middle ear 

disease and auditory tube polyps. It is asso-

11.3   Nasopharyngeal Diseases

ciated with a higher incidence of Horner’s 

syndrome compared to traction/avulsion. It 

A) Nasopharyngeal polyps

can also result in vestibular signs and facial 

a)  Common cause of upper airway obstruction in cats 

nerve paralysis; all of which typically resolve 

and accounts for 28% of nasopharyngeal disease in 

postoperatively. 

the species. 

f)  Prognosis is good with surgical treatment, although 

b)  Caused by benign inflammatory tissue arising from 

hearing deficits secondary to middle ear disease do 

mucosa  of  the  auditory  tube  or  middle  ear  of 

not resolve after VBO. 

unknown etiology. 

B)  Nasopharyngeal stenosis/stricture

c)  Clinical  signs  include  stertor,  sneezing,  nasal  dis-

a)  Increasingly recognized complication of upper res-

charge, dysphagia, upper airway obstruction, etc. 

piratory infections, trauma, and aspiration rhinitis 

d)  Diagnosis: sedated oropharyngeal exam, palpation 

(often under general anesthesia). 

of the soft palate, retroflexed rhinoscopy, CT, mag-

b)  May also be a congenital lesion. 

netic resonance imaging (MRI), etc. 

c)  Caused by partial or complete membranous occlu-

e)  Treatment:

sion the nasopharynx anywhere caudal to the com-

i)  Medical  management  is  generally  unsuccess-

mon choana and rostral to the caudal aspect of the 

ful,  although  antimicrobials  may  be  indicted 

soft palate. 

with concurrent infection of the nasal passage 

d)  Clinical  signs  include  chronic  nasal  discharge, 

or  nasopharynx  which  can  manifest  as  nasal 

stertor, exercise intolerance, open- mouth breath-

discharge, halitosis, and hard swallowing. 

ing,  gagging,  hard  swallowing,  and  respiratory 

ii)  Surgical  intervention  generally  required. 

distress. 

Medical  management  is  not  generally 

e)  Diagnosis: advanced imaging with retroflexed rhi-

recommended. 

noscopy and CT is used to make the diagnosis and 

1)  Traction/avulsion  is  straightforward  and 

assess location, severity/thickness, and if the steno-

can  quickly  improve  clinical  signs,  but  is 

sis is imperforate or not. 

[image: Image 38]
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f)  Treatment:

2)  For imperforate stenosis, or when the steno-

i)  Surgical correction via approach from an inci-

sis  recurs  in  the  face  of  repeated  dilation, 

sion into the soft and/or hard palate and resec-

nasopharyngeal stenting with silicone stents, 

tion has been described, but given the concern 

balloon expandable stents, or self- expanding 

for  recurrence,  makes  repeated  surgical  treat-

stents  can  be  considered.  However,  stents 

ment impractical. 

can  be  associated  with  chronic  infections, 

ii)  Balloon  dilation  can  be  performed  minimally 

hair entrapment, and oronasal fistulas when 

invasively at the time of diagnosis using retro-

stents are placed on the soft palate. 

flexed rhinoscopy with or without fluoroscopy. 

g)  Prognosis  depends  on  rate  and  severity  of  recur-

1)  Perforation of an imperforate membrane is 

rence, though many cats with NPS can be managed 

needed prior to dilation. An angioplasty bal-

with several balloon dilation procedures. 

loon  is  positioned  across  the  stenosis  and 

C)  Foreign body

expanded to tear the obstructive membrane. 

a)  Uncommon  cause  of  acute  onset  sneezing,  nasal 

The balloon diameter is increased sequen-

discharge,  and  upper  airway  obstruction.  If  left 

tially until the diameter of the nasopharynx 

untreated,  chronic  secondary  bacterial  infections 

is improved (Figure 11.3). 

can develop. 

(a)

(b)

(c)

Figure 11.3  (a) Retroflexed endoscopic image of an almost complete imperforate nasopharyngeal stenosis (NPS) in a young cat with chronic nasal discharge, stertor, and open- mouth breathing. (b) Balloon dilation of the NPS with an angioplasty balloon passed over the soft palate and across the stenosis. (c) Post balloon dilation image of the NPS showing marked improvement in luminal diameter. 
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b)  Foreign material can be inhaled, refluxed into the 

e)  Prognosis  is  guarded  and  dependent  on  extent, 

nasopharynx during vomiting, or after perforation 

metastasis, tumor type, and response to therapy. 

of the soft palate during ingestion. 

c)  A diagnosis is usually made on advanced imaging 

with CT or MRI and/or visualization on antegrade 

11.4   Laryngeal Diseases

or  retrograde  rhinoscopy.  Direct  visualization  on 

oral exam and rostral retraction of the soft palate 

A) Inflammatory laryngeal disease

may be used for nasopharyngeal foreign bodies. 

a)  Rarely reported in cats and little is known about the 

d)  Treatment:  removal  is  essential,  although  can  be 

pathophysiology  and  etiology.  Possible  etiologies 

challenging  for  chronic  foreign  bodies  that  have 

that have been proposed include FIV, previous for-

become embedded in the mucosa of the nasophar-

eign body or trauma, and prior intubation or laryn-

ynx. Forceful flushing through the nares, retraction 

geal surgery. 

of the soft palate and direct removal, retroflexed rhi-

b)  Clinical  signs  include  stridor,  vocal  change,  loud 

noscopic extraction, and surgical retrieval after inci-

purring, and respiratory distress. 

sion  into  the  soft  palate  can  be  considered  for 

c)  Diagnosis:

removal. 

i)  Radiographs are likely of limited value unless 

e)  Prognosis  is  good  if  the  foreign  body  is  removed 

increased laryngeal soft tissue is apparent. CT 

before causing chronic inflammation/infection and 

can be useful for more detailed cross- sectional 

damage to the mucosa that could result in stricture 

imaging, though intubation may distort the lar-

formation. 

ynx and make interpretation difficult. 

D) Neoplasia

ii)  Sedated airway examination is essential to eval-

a)  Clinical  signs  of  nasal  passage  neoplasia  overlap 

uate  the  laryngeal  cartilages,  as  well  as  assess 

with other nasal diseases, including sneezing, nasal 

function.  Thickened,  erythematous  laryngeal 

discharge of varying qualities, nasal/facial swelling, 

cartilages and vocal folds and/or nodules arising 

distortion or asymmetry, buphthalmos, stertor, and 

from the arytenoid cartilages and rima glottidis 

open- mouth breathing. In older cats, unilateral dis-

are seen on examination. 

ease should raise concern for neoplasia. 

iii)  Neutrophilic, lymphoplasmacytic, granuloma-

b)  Lymphoma  and  adenocarcinoma  are  reported, 

tous,  and  pyogranulomatous  cellular  charac-

although  nasopharyngeal  neoplasia  is  uncommon 

teristics  are  reported  on  aspirate  or  biopsy. 

in cats. 

Biopsy  is  preferred  given  the  similar  appear-

c)  Diagnosis:

ance to laryngeal neoplasia. 

i)  CT is useful to assess mass extent, invasiveness, 

d)  Treatment:

and evaluate for local lymph node involvement. 

i)  Medical therapy with broad- spectrum antimi-

ii)  Retroflexed rhinoscopy is used to directly visu-

crobials  and  corticosteroids  has  been  used  to 

alize  nasopharyngeal  masses  and  facilitate 

treat cases of inflammatory laryngeal disease. 

endoscopic biopsy collection. 

ii)  Resection of polypoid or mass- like lesions via an 

iii)  For  more  caudally  located  nasopharyngeal 

oral  approach  or  ventral  laryngotomy  can  be 

masses, retraction of the soft palate and direct 

considered. 

aspirate or biopsy of the mass can be performed. 

iii)  Temporary  tracheostomy  may  be  necessary 

iv)  Complete staging is warranted to evaluate for 

postoperatively if there is significant inflamma-

metastatic  disease,  including  thoracic  radio-

tion. Permanent tracheostomy may be consid-

graphs or CT and abdominal ultrasound. 

ered  for  cases  that  are  not  amenable  or 

d)  Treatment:

responsive  to  other  medical  or  surgical 

i)  Surgical excision may be considered for small, 

therapies. 

well- circumscribed lesions, although it would 

B)  Laryngeal paralysis

largely be palliative for relieving clinical signs 

a)  Reported  far  less  commonly  in  cats  compared  to 

of  airway  obstruction  and  nasal  discharge,  as 

dogs with no breed or sex predisposition known. 

achieving  surgical  margins  in  this  area  is 

b)  A congenital form of laryngeal paralysis has been 

challenging. 

proposed to exist in kittens and young cats, but is 

ii)  Radiation  therapy  (definitive  or  palliative 

exceedingly  rare,  leading  to  very  limited  under-

depending  on  tumor  type  and  extent)  and/or 

standing. 

chemotherapy are more widely recommended 

c)  Can  occur  secondary  to  lead  toxicosis,  iatrogenic 

therapies for nasopharyngeal neoplasia. 

trauma  following  surgery  in  the  cranial  neck, 
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invasive neoplasia, as a manifestation of polyneu-

working channel of the scope. Extubation may 

ropathy, and less commonly, idiopathic disease. 

be necessary given the small size of the feline 

d)  Can be unilateral or bilateral disease. 

trachea, which in the presence of an obstruc-

e)  Clinical  signs:  coughing,  choking,  voice  change, 

tive foreign body requires planning and com-

stridor, and upper airway obstruction. 

munication  with  the  anesthesia  team  for 

f)  Diagnosis: sedated airway examination to evaluate 

challenging intubation preparedness and need 

for laryngeal function. 

for possible emergency tracheostomy. 

g)  Treatment: Unilateral arytenoid lateralization is the 

d)  Treatment:

recommended surgical intervention, as bilateral lat-

i)  Retrieval via tracheoscopy as mentioned in the 

eralization  is  associated  with  a  high  incidence  of 

earlier text. 

aspiration pneumonia. 

ii)  Fluoroscopic- guided  retrieval  with  grasping 

C)  Laryngeal neoplasia

forceps has been described in cats, as has been 

a)  Uncommon in cats, but lymphoma, squamous cell 

the use of a Foley catheter or angioplasty bal-

carcinoma,  adenocarcinoma,  and  carcinoma  are 

loon inflated distal to the tracheal foreign object 

reported in cats. 

that  is  then  retracted  cranially  to  facilitate 

b)  Clinical signs:

grasping of the foreign object across the larynx. 

i)  Coughing, choking, voice change, stridor, and 

iii)  Surgical excision via tracheostomy can be nec-

upper airway obstruction. 

essary  when  endoscopic  or  image- guided 

c)  Diagnosis:

removal attempts have failed. 

i)  Sedated airway exam is important to evaluate 

B)  Tracheal collapse

for  laryngeal  function,  especially  if  there  is 

a)  Chondromalacia and dynamic tracheal collapse are 

local invasion of the recurrent laryngeal nerve 

very rare in cats. 

branches, causing unilateral or bilateral laryn-

b)  Clinical signs are similar to dogs and include loud 


geal paralysis. 

purring, stertor, stridor, coughing, cyanosis, and res-

ii)  Fine- needle  aspirate  or  biopsy  is  essential  to 

piratory distress. Since cats do not pant, the classic 

differentiate from inflammatory laryngeal dis-

goose honk associated with canine tracheal collapse 

ease,  since  they  can  appear  very  similarly  on 

is not a reported feature of cats with the disease. 

direct examination. 

c)  Diagnosis:

d)  Treatment: complete surgical excision is challeng-

i)  Thoracic radiographs may be useful if timing of 

ing and may require partial or total laryngectomy 

the  film  documents  dynamic  collapse  or  for 

and permanent tracheostomy. 

cases with more static collapse. 

e)  The  prognosis  for  laryngeal  neoplasia  is  unfortu-

ii)  CT can also be useful for cross- sectional imag-

nately guarded to poor. 

ing of the trachea to assess collapse, as well as 

localized  cine  loops  to  evaluate  for  dynamic 

changes in tracheal diameter. 

iii)  Tracheal  fluoroscopy  can  be  used  to  better 

11.5   Tracheal Diseases

assess the dynamic nature of the collapse, and 

for collapse in other portions of the airway, such 

A) Tracheal foreign body

as the nasopharynx and mainstem bronchi. 

a)  Most often reported in young cats. 

iv)  Tracheoscopy can be performed to evaluate the 

b)  Clinical signs are generally acute and include leth-

intraluminal trachea and is the gold- standard 

argy,  extended  head  and  neck,  coughing,  respira-

diagnostic in dogs. 

tory  noise,  and  distress  associated  with  airway 

d)  Treatment:

obstruction. 

i)  Medical management is unlikely to resolve the 

c)  Diagnosis:

obstruction due to tracheal collapse and instead 

i)  Cervical  and  thoracic  radiographs  are  often 

is used to palliate coughing, inflammation, and 

helpful, though may be of limited utility if the 

secondary tracheal infections. 

foreign body is radiolucent. 

ii)  While treatment of tracheal collapse in cats is 

ii)  CT is beneficial regardless of radio- opacity of 

limited to case reports given the rare nature of 

the foreign body. 

the  disease,  extraluminal  ring  placement  and 

iii)  Tracheoscopy can be both diagnostic and ther-

tracheal  stenting  have  been  described  as  suc-

apeutic,  since  endoscopic  graspers/forceps/

cessful surgical and minimally invasive options 

snare/basket  can  be  passed  through  the 

to address airway obstruction in this species. 
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C)  Tracheal stricture/stenosis

a)  Consequence  of  tracheal  trauma,  including  bite 

wounds,  tracheal  foreign  bodies,  and  past  tracheal 

surgery. 

b)  A unique event seen in cats is tearing of the dorsal 

tracheal membrane from intubation and head/neck 

movement under general anesthesia. 

i)  Acute damage to the tracheal membrane while 

still under anesthesia results in pneumomedi-

astinum, pneumothorax, subcutaneous emphy-

sema, tension pneumothorax, cardiorespiratory 

collapse, and potentially cardiac arrest. 

ii)  For less severe tracheal tears that do not have 

immediately apparent consequences, stricture, 

luminal narrowing, and airway obstruction can 

a

result in long term. 

c)  Treatment: in cats with acute deterioration under 

anesthesia,  the  presence  of  subcutaneous  emphy-

sema, inability to ventilate the patient, and cardi-

orespiratory  collapse  can  support  a  traumatic 

tracheal rupture. Immediate relief of the pneumo-

thorax and discontinuing positive- pressure ventila-

tion are needed to stabilize the patient. 

d)  Clinical signs of a chronic tracheal stricture are sim-

ilar  to  other  forms  of  tracheal  disease,  although 

owners may report a progressive history of respira-

b

tory signs and a general anesthetic event within the 

past  few  months  to  year.  Other  signs  reported 

Figure 11.4  (a) Endoscopic image of a tracheal stricture in an include coughing, anorexia, lethargy, and stridor. 

8- year- old Siamese with chronic severe stridor, exercise 

e)  Diagnosis: Thoracic radiographs, CT, and tracheos-

intolerance, and markedly increased respiratory effort. 

copy  can  be  considered.  If  endoscopy  is  used, 

(b) Radiographs taken 24 hours post- tracheal stent placement, 

which fully resolved the cat’s upper airway obstruction. 

extreme care must be used with an insufflation for 

visualization,  as  tracheal  rupture  during  scoping 

can occur. 

D) Tracheal masses

f)  Treatment:

a)  Uncommon in cats and may be of both neoplastic 

i)  Conservative management with sedation, oxy-

and non- neoplastic origin. 

gen therapy, and strict cage rest is successful in 

i)  Non- neoplastic  tracheal  mass  lesions  in  cats 

many  cases  that  are  not  in  severe  respiratory 

are rarely reported in the literature and may be 

distress. 

secondary to a polyp, Cuterebra larvae, myco-

ii)  For focal lesions in the cervical trachea, resec-

bacterium granuloma, and lymphoplasmacytic 

tion and anastomosis may be possible. 

inflammation. 

iii)  Endoscopic- guided  debridement  of  necrotic 

ii)  Lymphoma  is  the  most  commonly  diagnosed 

tissue and laser ablation of the stricture can be 

tracheal tumor in cats; though carcinomas (ade-

considered, but require the same care to avoid 

nocarcinoma, squamous cell, basal cell, seromu-

insufflation as with diagnostic tracheoscopy. 

cinous,  and  neuroendocrine)  and  histiocytic 

iv)  Balloon dilation may be considered to expand 

sarcoma have also been reported. 

the  stricture,  though  will  likely  only  provide 

b)  Clinical signs: associated with upper airway obstruc-

temporary  relief  and  should  be  considered  a 

tion as well as coughing, wheezing, and stridor. 

bridge to a more permanent intervention. 

c)  Diagnosis:

v)  Intraluminal tracheal stents (covered or uncov-

i)  Thoracic and neck radiographs are helpful as 

ered)  can  also  be  used  to  restore  luminal 

initial diagnostics for tracheal masses. 

patency, as well as provide rapid relief of upper 

ii)  CT is helpful for more detailed assessment of 

airway obstruction signs (Figure 11.4). 

extent, metastasis, and for radiation planning. 
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iii)  Tracheoscopy is helpful for direct visualization 

vi)  For patients that present with signs of severe 

and  aspirate/biopsy  collection.  For  most  cats, 

upper airway obstruction, rapid intervention is 

extubation is necessary, which requires careful 

essential. Tracheal stents can be placed quickly 

planning  for  challenging  reintubation  and/or 

under fluoroscopic guidance and are very effec-

emergent tracheostomy if the mass is obstruc-

tive for compressing tracheal masses to relieve 

tive, or bleeding or inflammation results during 

the obstruction. Tracheal stents are also useful 

sample collection. 

for tracheal masses that extent into the main-

iv)  For small masses localized to the mid- trachea, 

stem bronchi. Tracheal stents are well tolerated 

tracheal resection and anastomosis may be con-

in cats with tracheal neoplasia. 

sidered,  although  achieving  surgical  margins 

vii)  Radiation therapy (definitive or palliative) and/

can be challenging and care to avoid injury to 

or chemotherapy can also be considered based 

the recurrent laryngeal nerve is imperative. 

on tumor type and metastasis. 

v)  Less  invasive  removal  options  include 

d)  Prognosis: overall prognosis is guarded and depends 

endoscopic- guided  snare  retrieval,  cryotherapy, 

on the tumor type, extent, severity of clinical signs, 

and laser ablation. 

as well as response to treatment. 
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UNIQUE FEATURES



● Cats are susceptible to sympathetically- mediated bronchoconstriction in response to inflammatory, infectious, or aspiration- related diseases of the airway. 



● Bronchoconstriction is most readily reversed by a beta- 2 agonist, given parenterally or by inhalation. 



● A transoral tracheal wash provides a suitable sample for cytology and culture and can confirm the etiology of lower airway disease. 



● Prednisolone is the oral steroid of choice in the cat, and while cats develop few side effects of administration, caution is warranted to avoid the development of diabetes mellitus or congestive heart failure. 

●  The use of potassium bromide for control of seizures has been associated with the development of bronchial disease and coughing in cats. 

A)  Definitions: lower airway disease

lower airway disease, resulting in sneezing 

a)  Feline  asthma:  an  inflammatory  disease  of  the 

episodes or nasal discharge in the history. 

bronchi characterized by reversible bronchospasm 

ii)  New construction or carpeting at home. 

and airway hyper- reactivity, epithelial edema, and 

iii)  A prior history of cough or an episode of res-

mucous gland hypertrophy and hyperactivity lead-

piratory distress due to bronchoconstriction. 

ing to respiratory difficulty with or without cough. 

iv)  A change in seasons

b)  Bronchitis:  a  chronic,  progressive  inflammatory 

1)  Increased  airborne  allergens  or  particu-

disease of the lower airways often clinically manifest 

late matter. 

by cough. 

2)  Initiation of central heating or air- conditioning 

c)  Bronchiectasis:  irreversible  dilatation  of  bronchi, 

with conveyance of particles into the air. 

occasionally  congenital  but  more  commonly  seen 

v)  Tobacco smoke or fumes from a fireplace can 

as  a  consequence  of  chronic  inflammatory  or 

cause exacerbations of airway disease. 

infectious disease. 

d)  Use  of  potassium  bromide  for  control  of  seizures 

B)  History and signalment

has been associated with development of bronchial 

a)  Cats presenting with emergent lower airway disease 

disease and coughing in cats. 

can  be  of  any  age,  although  a  predisposition  for 

e)  These historical findings and clinical presentations 

middle- aged to older female cats has been reported. 

are common to a wide range of diseases of the feline 

b)  Siamese  and  other  oriental  breeds  are  overrepre-

lower airway, which include asthma, chronic bron-

sented in some studies. 

chitis, and bronchiectasis, as well as infectious eti-

c)  Common  historical  findings  can  include  the 

ologies. Individual cats can display features of more 

following:

than one airway disorder. 

i)  Stressful events

C)  Clinical signs and physical examination

1)  Introduction of new cats to the household. 

a)  Respiratory pattern

2)  Upper  respiratory  infections  can  be  con-

i)  Because feline bronchial diseases can be associ-

current  diseases  or  can  trigger  clinical 

ated  with  bronchoconstriction,  inflammation, 
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and  airway  remodeling,  the  end  result  is  a 

iii)  In the presence of excess airway mucus, crackles 

decrease in the diameter of the small airways. 

can sometimes be heard. 

1)  Airflow  in  this  region  is  described  by 

iv)  Dull  sounds  are  auscultated  in  hemithoraces 

Poiseuille’s  equation,  which  relates  flow  to 

with  pneumothorax,  particularly  dorsally 

the radius of the airway to the fourth power. 

rather than ventrally. 

–  A 50% decrease in the bronchus diameter 

c)  Cardiovascular

results in 1/16 of the normal flow through 

i)  Cats in respiratory distress due to bronchial dis-

the airway. 

ease  are  commonly  tachycardic  and  can  be 

2)  Reduced  airway  diameter  in  the  intratho-

hypertensive. By contrast, cats with congestive 

racic airways results in expiratory difficulty 

heart failure can be tachycardic or bradycardic 

or prolonged expiration, while inspiration is 

and may be hypotensive. Cats with heart failure 

typically normal. 

rarely have a history of cough. 

a)  When  observing  the  respiratory  pattern 

ii)  Cardiac  auscultation  should  be  normal.  The 

in affected cats, the expiratory phase can 

finding of a gallop sound or arrhythmia should 

be significantly longer than the inspira-

prompt  suspicion  of  heart  failure  rather  than 

tory  phase,  but  close  observation  is 

bronchial disease. 

required to detect this finding. 

iii)  Electrocardiogram  (ECG)  analysis  may  show 

b)  Some cats display an increased effort at 

sinus  tachycardia,  though  if  there  is  hypoxia, 

the end of expiration (“expiratory push”) 

arrhythmias  such  as  ventricular  premature 

while  trying  to  complete  the  expiratory 

complexes are occasionally noted. In cats with 

phase of respiration. 

heart disease, arrhythmias or other abnormali-

c)  Exhalation  is  usually  prolonged  in  cats 

ties  such  as  bundle- branch  block  may  be 

experiencing  acute  bronchoconstriction 

observed.  See  Chapter  17— Management  of 

and  is  associated  with  recruitment  and 

Life- Threatening Arrhythmias. 

active effort by the muscles of the abdom-

D)  Pathophysiology

inal wall. 

a)  Bronchial disease in the cat lacks a specific identifi-

3)  Alveolar air trapping due to early closure of 

able  etiology  of  inflammation  and  is  often 

the small airways can lead to overinflation of 

multifactorial. 

the lungs. 

b)  If an allergic stimulus is suspected, the an immune 

a)  Some asthmatic cats may exhibit a barrel- 

stimulus likely triggers Th2 cells (T- helper white blood 

shaped chest due to air trapping. In these 

cells, essential for antibody- mediated immunity). 

instances,  minimal  airway  sounds  are 

i)  Th2 lymphocyte stimulation leads to allergen- 

detectable on auscultation and the cat is 

specific IgE production, as well as chemoattrac-

in severe respiratory distress, but overall 

tion of eosinophils, mast cells, and basophils. 

this manifestation is relatively rare. 

ii)  IgE cross- linked to allergens induces degranu-

b)  Excessive  air  trapping  and  barotrauma 

lation of mast cells and recruitment of eosino-

due to overdistended alveoli can eventu-

phils, contributing to bronchoconstriction and 

ally result in the development of emphy-

airway hyperreactivity. 

sema.  With  uncontrolled  airway  and 

iii)  Inflammation in the bronchial submucosa can 

parenchymal  remodeling,  pneumotho-

cause hypersecretion of mucus by goblet cells. 

rax can result. 

iv)  Chronic inflammation results in airway remod-

4)  Cats can present with clinical signs ranging 

eling and fixed airway narrowing. 

from mild respiratory distress to fulminant 

c)  Chronic uncontrolled airway inflammation due to 

respiratory compromise and cyanosis. 

bronchitis can lead to bronchiectasis. 

b)  Auscultation

i)  Widened  bronchi  have  impaired  mucociliary 

i)  The presence of wheezing sounds on exhalation 

clearance  mechanisms  and  can  predispose  to 

is  highly  suggestive  of  bronchial  disease. 

further damage to the lung by pneumonia. 

However, in most instances, airway sounds are 

d)  Histologically, cats with inflammatory bronchial dis-

described  as  harsh  or  increased  and  can  be 

ease have eosinophilic and/or neutrophilic infiltration 

heard on inspiration and expiration. 

into  the  bronchial  mucosa  and  submucosa,  causing 

ii)  Cats  occasionally  have  a  pronounced  expira-

edema of the airway walls. Other findings can include 

tory grunt. 

hyperplasia of goblet cells and hypertrophy of airway 

[image: Image 43]
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smooth  muscle.  Emphysema  occurs  in  chronically 

1)  Flattening of the diaphragm. 

affected cats due to obstruction of small airways and 

2)  Borders  of  the  lungs  extend  beyond  the 

air trapping at the end of exhalation. 

twelfth or thirteenth rib. 

E)  Diagnosis

v)  Collapse of the right middle lung lobe due to 

a)  Compatible  historical  and  physical  examination 

mucus obstruction. 

findings. 

vi)  Pneumothorax. 

b)  Depending on the degree of respiratory distress and 

vii)  Aerophagia is often present causing a gas- filled 

stability of the patient, it is often not appropriate to 

stomach. 

pursue  radiographs  on  presentation.  Emergency 

d)  Complete blood count

treatment (see in the following text) can be initiated 

i)  Peripheral eosinophilia is noted in up to 20% of 

based on physical examination findings and histori-

cats  with  bronchial  disease,  but  can  be  seen 

cal information. 

with  other  respiratory  diseases,  systemic 

c)  Radiography

inflammation, or parasitic infection. 

i)  Bronchial  pattern,  representing  accumulation 

ii)  A stress leukogram can be present. 

of  inflammatory  cells  around  the  airways 

e)  Serum chemistry

(Figure 12.1a,b). 

i)  Should be normal in cats with uncomplicated 

1)  Described as “doughnuts and train tracks,” 

bronchial disease. 

which  are  the  end- on  or  cross- sectional 

ii)  Hyperglobulinemia has been reported in some 

views of the bronchial walls. 

cats with chronic inflammation. 

ii)  In some cats, especially those with concurrent 

f)  Assessment for parasitic disease

pulmonary parenchymal disease, interstitial or 

i)  Fecal exam

mixed bronchointerstitial patterns can be seen. 

1)  Baermann for detection of  Aelurostrongylus. 

iii)  Bronchiectasis  can  be  apparent  in  some 

2)  ZnSO4  flotation  for  detection  of  eggs  of 

cats  with  chronic  bronchial  inflammation. 

 Capillaria. 

Bronchiectasis  bronchi  can  appear  cylindrical 

ii)  Heartworm serology

or sacculated with an increased airway diame-

1)  Antibody  antibody  testing  in  cats  Chapter 

ter and lack of tapering. 

15—Management  of  Specific  Cardiac 

iv)  Hyperinflation  of  lungs  suggesting  acute 

Diseases  &  Chapter  18—Diagnostic 

bronchoconstriction and air trapping. 

Evaluation of Gastrointestinal Conditions). 

b

a

Figure 12.1  Dorsoventral (a) and right lateral (b) radiographs of a cat diagnosed with lower airway disease show bronchial infiltrates and collapse of the right middle lung lobe. 
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F)  Differential diagnoses

pneumonia  or  nodular  radiographic 

a)  Infections

lesions. 

i)  Bacterial

3)  Coccidioides  ( Coccidioides  immitis)  is  usu-

1)   Bordetella  bronchiseptica  and   Mycoplasma 

ally  characterized  by  skin  lesions,  but  can 

can cause clinical disease in cats. 

cause pneumonia in cats. 

2)  Can cause cough and bronchitis/bronchioli-

4)  Blastomycosis  ( Blastomyces  dermatitidis)  is 

tis  with  a  history  of  a  dry  nonproductive 

rarely diagnosed in cats. 

cough, or cough elicited on tracheal palpation. 

b)  Neoplasia

3)  Can  cause  severe  fulminant  broncho-

i)  Neoplasms of the larynx and trachea can result in 

pneumonia. 

coughing as the primary clinical sign, although 

4)  Susceptibility. 

extrathoracic upper airway obstruction more typ-

–  Kittens  and  immunosuppressed  cats  are 

ically results in inspiratory respiratory difficulty. 

likely more susceptible. 

ii)  Pulmonary tumors. 

–  Cats housed in colonies with many indi-

1)  Focal  neoplasms  that  obstruct  bronchi  can 

viduals in close proximity or in multicat 

cause clinical signs of coughing. 

households may also be at increased risk. 

2)  Primary  lung  tumors  commonly  spread 

ii)  Parasitic

along airway walls to distal sites, causing a 

1)  Can  induce  eosinophil  infiltration  and 

bronchial pattern on radiographs. 

degranulation, causing bronchoconstriction 

3)  Pulmonary neoplasms often have a cavitated 

and clinical signs similar to asthma. 

appearance on radiographs. 

2)  The  most  common  species  in  the  lungs  of 

c)  Foreign bodies

cats include  Capillaria and  Aelurostrongylus. 

i)  Inhaled foreign bodies are less common in cats 

3)   Ascaris sp. may cause lower airway disease 

than dogs, but can cause clinical signs of cough 

as the larvae migrate through the lungs. 

and respiratory distress. 

4)  Heartworm  disease  can  cause  cough  or 

d)  Cardiac disease

tachypnea in a small percentage of infected 

i)  Heart  disease  rarely  causes  coughing  in  cats. 

cats.  Radiographs  reveal  enlarged  pulmo-

Heart failure results in tachypnea, which could 

nary arteries to the caudal lung lobes. 

be  a  cause  for  presentation  to  the  emergency 

5)   Cuterebra larvae have been reported to cause 

room that mimics an asthma attack. 

tracheal obstruction. 

e)  Smoke inhalation

iii)  Protozoal

i)  Smoke  inhalation  from  house  fires  can  cause 

1)  Although pneumonia caused by  Toxoplasma 

damage  to  the  respiratory  tract  by  multiple 

commonly has an interstitial to nodular pat-

mechanisms. 

tern on radiographs, some of the initial clini-

1)  Carbon  monoxide  (CO)  is  a  by- product  of 

cal signs mimic asthma or bronchitis. 

incomplete combustion that is produced in 

iv)  Viral

large quantities in structural fires. 

1)  Some cats with acute viral upper respiratory 

–  CO  binds  to  hemoglobin  with  a  signifi-

infections  (calicivirus  or  herpes  virus)  can 

cantly  higher  affinity  (approximately 

have  respiratory  distress  and  coughing  as 

200×)  than  oxygen,  thus  displacing  O2 

part of their clinical presentation. 

from the molecule and decreasing tissue 

v)  Fungal

delivery. 

1)  Histoplasma ( Histoplasma capsulatum)

–  Carboxyhemoglobin  is  measured  with  a 

–  Causes  granulomatous  or  nodular  inter-

CO- oximeter; pulse oximetry is not accu-

stitial pulmonary lesions in infected cats. 

rate (and consistently reads 85%). 

–  Clinical signs include cough, respiratory 

–  CO  may  also  disrupt  the  utilization  of 

distress, fever, and lethargy. Skin lesions 

oxygen by mitochondria. 

are common. 



●

For  this  reason,  carbon- monoxide 

2)  Cryptococcus ( Cryptococcus neoformans)

intoxication should be suspected when 

–  Commonly isolated from the nasal cavity 

blood lactate is high despite adequate 

and sinuses of cats, where it results in a 

tissue perfusion. 

granulomatous sinusitis. 

–  Delayed neurologic sequelae may also be 

–  Rarely causes lower respiratory tract dis-

recognized,  presumed  secondary  to 

ease and is more typically associated with 

hypoxic brain damage. 
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2)  Toxins  from  burning  plastic  and  other 



●

Bronchodilators are indicated if there 

household items may produce cyanide, which 

is  evidence of bronchoconstriction. 

inhibits mitochondrial aerobic respiration. 



●

If there is severe tissue edema in the 

3)  Other toxins and irritants produced by com-

upper  airway,  tracheostomy  or 

bustion in structural fires

mechanical  ventilation  may  be  indi-

–  Can  cause  direct  irritation,  which  may 

cated until resolution of the inflamma-

result in reflex bronchoconstriction. 

tory changes. 

–  Specific  toxins  may  interfere  with  the 



●

Mechanical ventilation is occasionally 

function  of  surfactant,  decreasing  the 

indicated in animals that require high 

tidal volume. 

inspired  oxygen  concentrations  or 

4)  Superheated  air  or  steam  may  be  inhaled 

when hypoventilation occurs. 

and scald the entire respiratory tree. 

G)  Confirmatory diagnostic procedures

–  Thermal injuries to the respiratory mucosa 

a)  Many of the diagnostic procedures needed to con-

include  erythema,  swelling,  edema,  and 

firm the etiology of airway disease require anesthe-

epithelial necrosis and sloughing. 

sia,  which  can  be  challenging  in  cats  with  lower 

5)  Animals  that  have  been  in  fires  may  have 

airway  hyperreactivity.  Any  airway  stimulation, 

been exposed to low fractional inspired con-

such as placement of an endotracheal tube or instil-

centrations of oxygen, combined with high 

lation  of  saline  for  lavage,  can  stimulate  further 

inspired  carbon  dioxide  concentrations, 

bronchoconstriction and worsening of the cat’s con-

resulting in loss of consciousness. 

dition.  Pretreatment  with  terbutaline  (0.01 mg/kg 

ii)  Clinical signs in cats after smoke inhalation. 

SQ, IV, or IM) can reduce this complication. Owners 

1)  Tachypnea, open- mouthed breathing, vocal-

should be aware of these risks prior to performing 

ization, lethargy, and unconsciousness. 

anesthesia in the cat with lower airway diseases. 

2)  A more severe clinical course may be seen in 

i)  Drugs  combinations  are  used  to  provide  bal-

animals with evidence of both surface burns 

anced anesthesia. 

and respiratory distress. 

1)  Ketamine

–  Physical examination will sometimes reveal 

–  In  the  absence  of  heart  disease,  a  very 

increased  upper  airway  noise  (stridor) 

useful premedicant and induction agent. 

caused by laryngeal or pharyngeal edema. 

–  Results  in  bronchodilation,  making  it 

–  If bronchoconstriction is present, expira-

ideal for use in cats in asthmatic crises. 

tory wheezes may be auscultated. 

–  Induction doses can range from 3 to 7 mg/

–  Alternatively,  if  there  is  a  component  of 

kg  IV,  and  should  always  be  combined 

lower  airway  disease,  focal  or  diffuse 

with  a  tranquilizer  such  as  midazolam 

crackles  or  harsh  bronchovesicular 

(0.25 mg/kg).  Give  ¼  the  dose  of  keta-

sounds may be present. 

mine  followed  by  ½  the  dose  of  mida-

iii)  Diagnostic evaluation

zolam.  Repeat  this  dosing  regimen,  and 

1)  CO- oximetry may be of assistance in distin-

then give additional ketamine as needed 

guishing  the  presence  of  methemoglobine-

to allow intubation. 

mia or carboxyhemoglobinemia. 

2)  Propofol  (4–6 mg/kg)  or  alfaxalone 

2)  Pulse oximetry is inaccurate in the presence 

(1–2 mg/kg) with midazolam using a similar 

of  methemoglobin  or  carboxyhemoglobin, 

dosing protocol to that listed for ketamine. 

and  may  overestimate  the  actual  oxygen 

3)  Narcotics  may  allow  neuroleptanalgesia 

saturation. 

when  combined  with  benzodiazepines  and 

3)  Radiographs  can  show  bronchial,  alveolar, 

provide sedation in cats in which ketamine 

or interstitial patterns. 

is contraindicated. 

iv)  Emergent therapy is geared toward support of 

–  Butorphanol can be administered at doses 

oxygenation. 

of 0.1–0.2 mg/kg. 

1)  Oxygen supplementation at high fractional 

–  Butorphanol  can  also  have  antitussive 

inspired  concentrations  will  help  to  clear 

properties. 

carboxyhemoglobin. 

–  Side  effects  include  respiratory  depres-

–  At least 2–4 hours of treatment has been 

sion,  and  animals  with  respiratory  dis-

recommended, more if indicated. 

tress  should  be  monitored  closely  after 

administration. 
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ii)  Drugs to avoid

iv)  Pulse oximetry

1)  Beta- blockers

1)  Noninvasive  way  to  estimate  the  percent-

–  Can  attenuate  B2- induced  bronchodila-

age  of  oxygen- saturated  hemoglobin 

tion and exacerbate clinical signs by caus-

(oxyhemoglobin). 

ing bronchoconstriction. 

2)  Related to PaO2 by the oxyhemoglobin dis-

2)  Nonsteroidal  anti- inflammatory  drugs 

sociation curve, but does not measure PaO2 

(NSAIDs)

directly. 

–  Contraindicated  in  animals  that  are 

3)  Probe can be applied to the ear tip, flank fold, 

receiving corticosteroids. 

toe or tail fold, genitalia, or to the tongue in 

iii)  Cats should always be intubated for the dura-

an  anesthetized  patient.  Measurements  are 

tion of anesthesia, and care should be taken to 

not always accurate, but trends can be noted. 

ensure  that  they  are  adequately  ventilating 

v)  Arterial blood gas analysis

(either spontaneously or with assistance) with 

1)  Measures  partial  pressures  of  oxygen  and 

100% oxygen during the diagnostic procedures. 

carbon dioxide in arterial blood, in addition 

Ideally,  these  cats  should  be  monitored  with 

to the blood pH. 

pulse oximetry and end- tidal capnography dur-

–  If animals have significant lower airway 

ing anesthesia. 

disease,  the  arterial  partial  pressure  of 

b)  Lung mechanics and pulmonary function tests

oxygen (PaO2) is decreased. 

i)  Can require anesthesia and special equipment. 

–  With significant lower airway disease and 

ii)  Pulmonary  function  measurement  may  be 

air trapping or hypoventilation, the arte-

more valuable as a measure of improvement in 

rial  partial  pressure  of  carbon  dioxide 

individual cats after treatment, as single meas-

(PaCO2) can be increased. 

urements may be misleading. 

–  With less severe lower airway obstructive 

1)  Increased lung resistance is expected in cats 

disease, the PaCO2 may be decreased sec-

with bronchial disease. 

ondary to tachypnea. 

–  Lung- resistance  testing  can  be  used  to 

2)  Challenging  in  cats,  but  can  be  obtained 

determine the degree of bronchial hyper-

from the metatarsal or femoral arteries. 

reactivity  to  various  irritants  such  as 

3)  Helps to quantify degree of oxygenation or 

methacholine,  and  also  the  response  to 

ventilation  disturbances  and  to  monitor 

selected bronchodilators. 

recovery. 

2)  Changes  in  dynamic  lung  compliance 

4)  Normal values (while breathing room air)

may occur in cats with bronchopulmonary 

–  PaO2 = 80–100 mmHg. 

disease. 

–  PaCO2 = 35–45 mmHg. 

–  Decreased lung compliance may occur if 

c)  Endotracheal wash (ETW)

there is concurrent pulmonary disease. 

i)  The cat is intubated with a sterile endotracheal 

–  Emphysematous changes due to chronic 

tube,  and  a  sterile  catheter  (e.g.,  3.5–5  French 

asthma  can  increase  dynamic  lung 

urinary or red rubber urinary catheter) is passed 

compliance. 

through the endotracheal tube to the level of the 

3)  Tidal  breathing  flow- volume  loops  can  be 

carina (approximately the 4th intercostal space). 

measured using a close- fitting face mask in 

Aliquots (each 5 ml) of nonbacteriostatic sterile 

awake cats, which can provide information 

saline are instilled into the airway followed by 

about  the  extent  of  expiratory  airway 

2 ml of air to clear the catheter and immediately 

obstruction  without  the  need  for  general 

aspirated using a syringe or suction trap. Yields 

anesthesia and intubation. 

are typically small (<1 ml), but can provide use-

iii)  Whole- body plethysmography

ful information for cytology and culture. 

1)  Allows noninvasive measurement of respir-

ii)  Cytology  of  ETW  fluid.  ETW  is  indicated  for 

atory  rate,  tidal  volume,  peak  inspiratory 

obtaining representative cytologic samples from 

and  expiratory  flow  rates,  and  inspiratory 

the lower airway and is useful for distinguishing 

and expiratory time in the awake cat. 

between infectious and inflammatory processes. 

–  Requires special equipment. 

Because it is a procedure that is performed blindly, 

–  Can be used to measure bronchoconstric-

the  possibility  of  obtaining  a  less- diagnostic 

tion in response to an airway provocation. 

sample from an unaffected lung lobe exists. 
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1)  Eosinophils can be the predominant cell and 

H)  Management of feline bronchial asthma and chronic 

might  be  more  likely  in  cats  with  feline 

bronchitis

asthma versus bronchitis. 

a)  Emergent therapy (Table 12.1)

2)  Neutrophils— consistent  with  lower  airway 

i)  Oxygen

inflammation  when  no  bacteria  are  seen; 

1)  Preferably  via  oxygen  cage,  to  create  an 

can be the predominant cell in bronchitis. 

oxygen- rich atmosphere with minimal stress 

3)  Mixed  populations  of  eosinophils,  neutro-

to the cat. 

phils, and lymphocytes are also often seen. 

2)  Can  also  be  administered  into  an  e- collar 

4)  Numbers of inflammatory cells in an airway 

with  cellophane  placed  over  the  opening, 

sample might correlate with the clinical and 

with  the  oxygen  tubing  snaked  under  the 

radiographic severity of lesions. 

collar, although this may be too stressful. 

5)  Cytology may be normal in some cases, espe-

3)  If  the  degree  of  respiratory  distress  is 

cially if the cat has been treated with corti-

extreme, anesthesia may be the only way to 

costeroids prior to sampling. 

adequately  provide  oxygen  while  reversing 

6)  Increased amounts of mucus, produced by 

acute  bronchoconstriction  and  confirming 

hypertrophied goblet cells, are often noted 

the diagnosis. 

on  ETW  in  cats  with  chronic  bronchial 

ii)  Bronchodilators

disease. 

1)  Injectable  bronchodilators  should  be 

iii)  Bacteriologic cultures

administered  to  cats  exhibiting  signs  of 

1)  Cultures from healthy cats as well as those 

bronchoconstriction. 

with  inflammatory  airway  disease  can  be 

–  Nonspecific: bronchodilation is accompa-

positive  in  the  absence  of  true  infection. 

nied  by  generalized  increases  in  sympa-

Thus, cultures can give misleading informa-

thetic activity, including tachycardia and 

tion unless there is heavy growth of a single 

possibly hypertension. 

species. 



●

Vagolytics  such  as  atropine  are  effec-

2)   Mycoplasma is a possible pathogen that has 

tive bronchodilators, but can cause sig-

been isolated from the lower airways of asth-

nificant  tachycardia  as  well  as  mucus 

matic cats, but it can be difficult to culture. 

impaction. 

Polymerase  chain  reaction  (PCR)  is  some-



●

Epinephrine  (0.01–0.1 mg/kg  IV,  IM) 

times used to identify mycoplasmal DNA. 

can  be  given  to  extremely  emergent 

d)  Bronchoscopy and bronchoalveolar lavage (BAL)

cases, but has significant alpha and β1 

i)  Performed  using  a  properly  cleaned  broncho-

agonist activity. 

scope, BAL allows samples to be obtained from 

–  Specific:  β2  agonists  cause  bronchodila-

specific airways. 

tion and vasodilation, with less effect on 

ii)  Allows direct inspection of the bronchial tree, 

the  β1  receptors  and  therefore  less  ten-

more  directed  sample  acquisition,  and  the 

dency to cause tachycardia. 

potential to offer prognosis based on identifi-



●

Terbutaline is administered IV, IM, or 

cation  of  airway  changes  such  as  stenosis, 

SQ  at  0.01 mg/kg.  Dosing  can  be 

collapse,  or  bronchiectasis,  which  are  likely 

repeated in 15–30 minutes if reduction 

irreversible. 

in  respiratory  rate  and  effort  is 

iii)  Cytology is variable, depending on the distri-

inadequate. 

bution of lesions and recovery of sample. The 

2)  Inhaled bronchodilators can provide imme-

primary cells identified in BAL samples from 

diate relief to some cats if they tolerate use 

healthy  cats  are  pulmonary  alveolar  mac-

of a face mask and spacer (Figure 12.2). 

rophages  (approximately  75%  of  the  cell 

–  Albuterol is a β2 agonist; 90 μg (one puff) 

population). 

can be administered q30min up to three 

1)  Cats with histologically confirmed lower air-

times,  in  combination  with  parenteral 

way disease have alveolar cytology consist-

bronchodilators. 

ent  with  inflammation  (e.g.,  neutrophils 

iii)  Corticosteroids

and/or eosinophils). 

1)  Corticosteroids  can  be  administered  in  an 

iv)  Bacterial and  Mycoplasma culture can be per-

emergency situation when the diagnosis of 

formed as mentioned in the earlier text. 

airway disease is considered most likely and 

Table 12.1  Emergency treatment of cats with respiratory distress due to lower airway disease. 

Drugs

MOAs

Doses

Contraindications and adverse effects

Expected results

Oxygen

Increase alveolar po2 40–100% PRN, via oxygen cage, mask, or 

Prolonged high FiO2 (>60% for >8–12 hours)  Decreased respiratory rate and hood; mechanical ventilation if no 

may predispose to oxygen toxicity

effort, resolution of cyanosis

response to oxygen supplementation

Dexamethasone 

Decrease 

0.1–0.2 mg/kg IV, IM, SQ q12h

Relative risks of immunosuppression, 

Gradual decrease in respiratory 

sodium phosphate

inflammation in the 

gastrointestinal (GI) ulceration, weighed 

effort and rate

airways

against potential as a life- saving treatment

Prednisolone sodium  Decrease 

1–3 mg/kg IV, IM

Relative risks of immunosuppression, GI 

Gradual decrease in respiratory 

succinate

inflammation in the 

ulceration, weighed against potential as a 

effort and rate

airways

life- saving treatment

Terbutaline

Bronchodilation via 

0.01 mg/kg IV, IM, SQ q8 PRN

Contraindicated if the cat has heart disease 

Decreased respiratory rate and 

β2 agonism

or hypertension

effort, relatively rapid onset

Albuterol

Bronchodilation via 

One puff (90–100 μg) administered by face  Potentially distressing to the cat Variable, depending on efficiency 

β2 agonism

mask and spacing chamber q30min PRN 

of drug administration

up to 8 doses

Epinephrine

Bronchodilation via 

0.04 mg/kg IV, IM, SQ

Contraindicated if the cat has heart disease 

Used in extremis or if other 

β2 agonism

or hypertension

bronchodilators are unavailable

[image: Image 45]
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caused  by  inflammation.  Without  adequate 

control of inflammatory processes, the disease 

will progress, eventually resulting in worsening 

clinical  signs  and  irreversible  damage  to 

the lungs. 

1)  Oral

–  Prednisolone

● 

Oral glucocorticoid of choice. 

● 

Initially dosed at 1 mg/kg PO q12h, and 

then tapered to a lower dose based on 

individual response. 

–  Dexamethasone

● 

Initially  dosed  at  0.1 mg/kg  PO  q24h 

and tapered depending on response. 

–  Side effects include the possible develop-

Figure 12.2  Metered dose inhaler with face mask and spacer. 

ment  of  diabetes  mellitus,  heart  failure, 

and polyuria with polydipsia. 

2)  Inhaled

the  cat  is  not  adequately  stabilized  with 

–  Fluticasone propionate

beta- agonists. 

● 

To supplement or replace oral steroids. 

–  Dexamethasone  sodium  phosphate 



●

Works topically in the lungs, with mini-

0.1–0.2 mg/kg

mal  systemic  absorption,  thereby 

● 

Can be administered IV or IM. 

decreasing systemic side effects. 

● 

SQ administration may not be reliable, 

● 

Dosed at 1 puff (approximately 110 μg 

especially  if  the  cat  is  clinically 

from the metered dose inhaler) once to 

dehydrated. 

twice  daily,  depending  on  severity  of 

● 

Long- acting  (depot  preparations)  ster-

the asthma. 

oids  such  as  methylprednisolone  ace-



●

Administration  is  accomplished  via  a 

tate  are  not  recommended  for 

rebreathing  chamber  (e.g.,  AeroKat®), 

management  of  acute  respiratory  dis-

which holds the aerosolized drug while 

tress because of slower absorption and 

the  cat  takes  5–10  breaths  via  an 

erratic control of inflammation. 

attached soft face mask. 

2)  Inhaled  corticosteroids  can  be  used  in  an 

3)  Injectable

emergency, especially if the cat has been on 

–  Methylprednisolone  acetate  (“Depo- 

chronic therapy with an inhaler. 

Medrol”)

–  Regular  use  of  inhaled  fluticasone 



●

If the owner has difficulty administer-

for  7–10 days  is  thought  to  be  needed 

ing  oral  medications,  corticosteroids 

before  seeing  demonstrable  effects  in 

can be administered by injection every 

some cats. 

2–4 weeks. 

–  Dosed  at  one  puff  (110 μg)  every 

● 

Long- term  use  can  result  in  side 

12 hours × 1 month  along  with  7–10 days 

effects  such  as  diabetes  mellitus  or 

of oral steroid, tapering to q24h if toler-

heart  failure,  and  poorly  controlled 

ated and effective. 

inflammation  likely  enhances  airway 

–  Cats  should  be  allowed  to  take  5–10 

remodeling. 

breaths  from  the  mask  and  spacer  after 

ii)  Bronchodilators

discharge of the puff of drug. 

1)  Oral

iv)  Antibiotics are rarely indicated as part of emer-

–  Extended- release theophylline 15–19 mg/

gent therapy. 

kg PO once daily in the evening. While a 

b)  Chronic therapy (Table 12.2)

relatively weak bronchodilator, this drug 

i)  Corticosteroids  are  extremely  important  for 

sometimes  helps  in  management  of 

chronic management of lower airway diseases 

chronic bronchial disease. 

Table 12.2  Long- term treatment of cats with lower airway disease. 

Drug

MOA

Dose

Contraindications

Expected results

Prednisolone

Decrease airway 

1–2 mg/kg PO q12, gradual decrease  Can result in development of 

Maintenance dosing when the cat is relatively 

inflammation

to the lowest possible maintenance 

diabetes mellitus, heart failure, or 

free of clinical signs

dose (e.g., 0.5 mg/kg PO EOD, 

other complications when used in 

depending on response)

long term

Dexamethasone

Decrease airway 

0.1–0.2 mg/kg PO q12, gradual 

Can result in development of 

Maintenance dosing when the cat is relatively 

inflammation

weaning to the lowest possible 

diabetes mellitus, heart failure, or 

free of clinical signs

maintenance dose (e.g., 0.05 mg/kg 

other complications when used in 

PO EOD, depending on response)

long term

Methylprednisolone 

Decrease airway 

1–3 mg/kg SQ q 4–8 weeks PRN

Can result in development of 

Ideally not a maintenance therapy because of 

acetate

inflammation in cats that 

diabetes mellitus or other 

intermittent control of inflammation which 

are unable to take inhaled 

complications such as heart 

promotes airway remodeling, although some 

or oral medications

failure when used in long term

cats may not tolerate oral or inhaled therapy

Fluticasone

Decrease airway 

One puff (110 meg) q12h × one 

Associated with fewer side effects 

Maintenance dosing when the cat is relatively 

inflammation

month along with 7–10 days of oral 

than oral steroids, as long as cat 

free of clinical signs

steroid, tapering to q24h if tolerated 

tolerates administration

and effective

Terbutaline

Bronchodilator

1.25–2.5 mg/cat PO q8–12h

May cause tachycardia at higher 

Use for intermittent respiratory distress

doses, avoid in cats with heart 

disease

Extended- release 

Bronchodilator

15–19 mg/kg PO daily in the 

May cause tachycardia at higher 

Can be used as an adjunct with maintenance 

theophylline

evening

doses, avoid in cats with heart 

steroid therapy

disease

Albuterol

Bronchodilator

One puff (90 μg) up to three times 

Less likely to cause adverse 

Avoid long- term use due to induction of 

daily, in acute exacerbation

cardiac effects

airway inflammation
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2)  Inhaled

ii)  Cyclosporine

–  Albuterol:  one  puff  (90 μg)  up  to  three 

1)  Reduced  airway  remodeling  in  an  experi-

times daily during acute exacerbations of 

mental model of feline asthma, but not used 

signs.  Sustained  use  can  be  associated 

clinically. 

with worsened airway inflammation. 

I)  Management of bronchiectasis

c)  Other therapies

a)  Cats with bronchiectasis can be difficult to treat. 

i)  Cyproheptadine

b)  Treatment consists of care for inflammatory airway 

1)  Serotonin  (5- HT)  is  a  major  product  of 

disease as described in the earlier text, using combi-

eosinophils  and  mast  cells  in  cats  and  is 

nations of bronchodilators and antibiotics. 

thought to be responsible for the majority of 

c)  Due to inability to clear material from the lower air-

the airway reactivity seen in asthmatic cats. 

ways, chronic pneumonia can develop, and antibi-

2)  Experimentally,  cyproheptadine  might 

otics may be indicated. 

attenuate  the  severity  of  bronchoconstric-

d)  Saline  nebulization  followed  by  coupage  can  be 

tion. However, when used as a single agent 

used to mobilize airway secretions. 

in  a  small  clinical  trial,  it  did  not  signifi-

e)  In some cases, corticosteroids may cause worsening 

cantly attenuate the clinical signs. 

of clinical signs in cats with bronchiectasis. 
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13

Parenchymal Disease

 Deborah Silverstein

UNIQUE FEATURES



● Cats with pulmonary parenchymal disease and dyspnea rarely open- mouth breathe as dogs typically do. Cats most commonly exhibit tachypnea, nostril flaring, an increase in breathing effort, and reluctance to lie down. 



● A perihilar interstitial- alveolar pattern is rarely seen on thoracic radiographs in cats with cardiogenic pulmonary edema. Instead, a patchy, diffuse interstitial infiltrate is commonly observed. Cardiomegaly and pulmonary venous distention are also frequently evident. 

Differential Diagnoses

Pneumonia

Edema

Hemorrhage

Endogenous toxins

Inhaled toxins

Drug reaction

Neoplasia

Atelectasis

Accidental drowning/submersion

Pulmonary thromboembolism

Lung lobe torsion

General Diagnostic Plan

Venous blood gas + lactate

Pulse oximetry

Complete blood count, biochemical analysis, urinalysis

Three- view thoracic radiographs

Point- of- care thoracic ultrasound

Computerized tomography

Magnetic resonance imaging

Endotracheal wash with cytology and culture/susceptibility testing

A)  Physical examination findings and clinical signs

with a soft, deep cough. They rarely have a 

a)  History

hacking cough (more typical of large airway 

i)  Exercise intolerance. 

irritation). 

ii)  Shortness of breath. 

v)  Exposure (reside in or travel history) to area 

iii)  Lethargy. 

with fungal disease. 

iv)  Coughing:  cats  with  parenchymal  disease 

vi) 

Vomiting, diarrhea. 

commonly have a history of and/or present 

vii) 

Anorexia, weight loss. 
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viii) 

Recent  stressful  event  or  glucocorticoid 

4)   Pseudomonas aeruginosa

treatment leading to immunosuppression. 

5)   Bordetella bronchiseptica

ix) 

Smoke or toxin exposure. 

6)   Pasteurella multocida

x) 

Exposure to colony situation. 

7)   Klebsiella pneumoniae

xi) 

Seizures, ataxia. 

8)   Bacteroides fragilis

xii) 

Pancreatitis. 

9)   Clostridium difficile

xiii) 

Recent anesthesia or prolonged recumbency. 

10)   Proteus mirabilis

xiv) 

Recent trauma. 

11)   Capnocytophaga cynodegmi

xv) 

Recent  accidental  drowning  or  submer-

12)   Chlamydia psittaci

sion injury. 

ii)  Viral

b)  Clinical  signs  (see  “Unique  Features”  in  the  ear-

1)  Herpesvirus- 1 (feline rhinotracheitis)

lier text)

2)  Calicivirus

i)  Tachypnea. 

3)  Poxvirus

ii)  Dyspnea. 

iii)  Protozoal

iii)  Cyanosis. 

1)  Toxoplasmosis

iv)  Reluctance to lie down. 

iv)  Mycotic

v)  Orthopnea. 

1)  Histoplasmosis

vi)  Lateral recumbency. 

2)  Blasto mycosis

vii)  Gasping/agonal breathing (prearrest). 

3)  Coccidioidomycosis

viii) 

Fever. 

4)  Cryptococcosis  (Abyssinian  and  Siamese 

ix) 

Concurrent upper respiratory tract signs 

breeds overrepresented)

and/or nasal discharge. 

5)  Aspergillosis

x) 

Vague pain upon abdominal palpation. 

6)  Sporotrichosis

xi) 

Oral/ocular/nasal  abnormalities  (viral, 

7)  Candidiasis

fungal, parasitic disease). 

8)  Zygomycosis

xii) 

Skin lesions (poxvirus, coccidioidomycosis). 

9)  Penicilliosis

xiii) 

Peritoneal  effusion  (disseminated  infec-

v)  Parasitic

tious or neoplastic disease). 

1)   Aelurostrongylus abstrusus

xiv) 

Coma  or  seizures,  gagging,  foaming  at 

2)   Bronchostrongylus spp. 

mouth, rubbing eyes, soot on fur, smoky odor, 

3)   Troglostrongylus spp. 

skin burns (smoke or toxin exposure). 

4)   Capillaria aerophila (or Eucoleus aerophilus)

xv) 

Heart murmur, ± gallop rhythm or irreg-

5)   Paragonimus kellicotti

ular rhythm (cardiogenic pulmonary edema 

6)   Cuterebra s pp. 

or endomyocarditis). 

vi)  Lipid pneumonia

xvi) 

Decreased breath sounds ventrally (pleural 

1)  Chronic forced mineral- oil administration

effusion secondary to cardiogenic edema, neo-

vii)  Inflammatory

plasia, bronchopneumonia, or hemorrhage). 

1)  Idiopathic hypereosinophilia syndrome

xvii) 

Palpable thyroid nodule. 

2)  Potassium bromide therapy

xviii) 

Lameness (metastatic neoplasia). 

viii)  Usual interstitial pneumonia

c)  Auscultation

1)  Idiopathic pulmonary fibrosis

i)  Normal tracheal breath sounds. 

b)  Edema

ii)  Loud  breath  sounds  on  inspiration 



i)  Cardiogenic  (see  Chapters  14—Approach  to 

expiration. 

Diagnosis  and  Treatment  of  Feline  Cardiac 

iii)  Adventitious breath sounds

Emergencies & Chapter 15—Management of 

1)  Inspiratory   expiratory crackles and/or 

Specific Cardiac Diseases)

wheezes. 

1)  Left- sided congestive heart failure

B)  Differential diagnoses and most common etiologies

ii)  Noncardiogenic

a)  Pneumonia

1)  Acute respiratory distress syndrome (ARDS)

i)  Bacterial/mycoplasmal/mycobacterial

2)  Neurogenic pulmonary edema

1)   Staphylococcus  spp. 

3)  Upper airway obstruction

2)   Streptococcus  spp. 

4)  Feline endomyocarditis

3)   Escherichia coli

5)  Near drowning
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c)  Hemorrhage

i)  Combinations of interstitial and alveolar dis-

i)  Pulmonary contusions

ease are typically evident in cats with pulmo-

ii)  Coagulopathy (i.e., anticoagulant rodenticide, 

nary parenchymal disease. The distribution of 

liver  dysfunction,  biliary  obstruction,  throm-

infiltrates  may  assist  in  determining  the 

bocytopathia, thrombocytopenia, etc.)

underlying etiology. 

d)  Endogenous toxins

ii)  Classically,  cats  with  bacterial  bronchopneu-

i)  Uremic pneumonitis

monia show cranioventral alveolar infiltrates, 

e)  Inhaled toxins

although  patchy  combinations  of  alveolar, 

i)  Smoke or noxious gas inhalation

interstitial, and bronchial disease may be pre-

ii)  Prolonged oxygen therapy

sent. Small amounts of pleural effusion may 

f)  Adverse drug reaction

be present in severe cases (Figure 13.1a–c). 

g)  Neoplasia

iii)  Diffuse or caudodorsal interstitial and/or alve-

h)  Atelectasis

olar infiltrates are typical of viral pneumonia 

i)  Accidental drowning/submersion injury

or neurogenic pulmonary edema. 

j)  Pulmonary thromboembolism

iv)  Pulmonary  fungal  disease  may  appear  as 

k)  Lung lobe torsion

interstitial,  alveolar,  bronchiolar,  nodular, 

C)  Diagnostic imaging

military, or mixed patterns. In addition, lobar 

a)  Thoracic radiography and/or computerized tomog-

consolidation,  discrete  nodules,  cavitary 

raphy (CT)   magnetic resonance imaging (MRI)

lesions,  hilar  lymphadenopathy,  pleural 

a

b

c

Figure 13.1  (a)–(c) Severe aspiration pneumonia in a cat 1 week following anesthesia. There are consolidation and air bronchograms throughout the left hemithorax, the right caudal portion of the cranial lobe, and the right middle lung lobe. A radio- opaque nasoesophageal tube is also visible. 
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a

b

Figure 13.2  (a) and (b) Disseminated blastomycosis in a cat causing a diffuse bronchointerstitial pattern and right middle lung lobe consolidation. Neoplasia should also be ruled out based on these radiographs. 

effusion or thickening, and/or pneumothorax 

reported abnormalities include pleural effusion, 

may be evident (Figure 13.2a,b). 

alveolar  and  interstitial  patterns,  and  venous 

v)  The presence of a mediastinal shift, elevation 

congestion. 

of the hemidiaphragm, rearrangement of bor-

viii)  Reported  radiographic  changes  with  idio-

ders of inflated lung lobes, separation of the 

pathic  pulmonary  fibrosis  include  dense 

heart from the sternum, and asymmetry of the 

patchy or diffuse interstitial, bronchiolar, and 

rib cage are consistent with atelectasis. 

alveolar infiltration. 

vi)  Pulmonary contusions appear as unilateral or 

ix)  Cardiomegaly ± pulmonary venous distention 

bilateral patchy interstitial to alveolar infiltra-

is common with cardiogenic edema. Cats typi-

tion.  Animals  with  pulmonary  contusions 

cally  have  a  more  diffuse,  patchy  interstitial 

often have concurrent rib fractures, pneumo-

disease  with  cardiogenic  pulmonary  edema, 

thorax,  and/or  a  diaphragmatic  hernia. 

 not  perihilar  in  distribution  (see  “Unique 

Pulmonary  contusions  are  detected  earliest 

Features” in the earlier text). 

using  CT  imaging.  Additionally,  the  clinical 

D)  Additional diagnostic techniques

radiographic  signs  of  pulmonary  contusions 

a)  Complete  blood  count,  biochemical  profile,  uri-

can often lag behind the clinical progression. 

nalysis, etc. 

vii)  Pulmonary thromboembolism may have com-

i)  Leukocytosis or leukopenia ± left shift may be 

pletely  normal  thoracic  radiographs.  Other 

seen with infectious or inflammatory diseases. 
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Eosinophilia  can  be  seen  with  parasitic  dis-

k) 

Serum feline leukemia virus (FeLV) and feline 

ease, hypersensitivity reactions, or idiopathic 

immunodeficiency virus (FIV) testing. 

hypereosinophilic syndrome. 

l) 

Heartworm testing. 

ii)  Nonregenerative  anemia  may  be  seen  with 

m)   Viral testing (virus isolation or immunochemis-

more  chronic  inflammatory,  infectious,  or 

try  on  swabs  of  affected  areas,  polymerase  chain 

neoplastic diseases. 

reaction on respiratory samples). 

iii)  Hypoalbuminemia  and  hyperglobulinemia 

n) 

Serologic  fungal  testing  (coccidioidomycosis 

are  commonly  seen  with  fungal  disease. 

and cryptococcus). 

Hypercalcemia  may  also  be  present. 

o) 

Cerebrospinal fluid tap ( Toxoplasma gondii). 

Hyperbilirubinemia, increased alanine ami-

p) 

CO- oximetry to identify levels of carbon mon-

notransferase,  alkaline  phosphatase,  and 

oxide, methemoglobinemia, and/or cyanide intoxi-

creatine kinase may be present in cats with 

cation in smoke or toxin inhalation victims. 

 Toxoplasma gondii due to infection in other 

q) 

Echocardiogram  will  help  to  identify  pleural 

organ systems. 

effusion  and  cardiomyopathy,  respectively,  in  cats 

iv)  Proteinuria  may  be  seen  in  cats  with 

with  cardiogenic  pulmonary  edema.  Thyroid  hor-

 Toxoplasma gondii. 

mone levels should be checked in patients with sus-

b)  Pulse oximetry (SpO2)

pected hyperthyroid- induced cardiomyopathy. 

i)  Normal  value  95–100%  when  breathing 

r)  Thoracic  ultrasonography  (identifies  coexisting 

room air. 

pleural  effusion  and  visualizes  pulmonary  mass, 

ii)  Values  less  than  93%  indicate  significant 

lung lobe torsion, etc.). 

hypoxemia and warrant oxygen therapy. 

s) 

Thoracocentesis with cytology and culture. 

c)  Fundic examination

t) 

Coagulogram,  d- dimer,  anticoagulant  rodenti-

i)  See Chapter 36— Ocular Emergencies. 

cide  serum  levels,  liver  function  tests,  platelet- 

d) 

Arterial blood gas analysis or venous blood gas 

function testing, and thromboelastography in cats 

analysis and lactate. 

with  suspected  pulmonary  thromboembolism  or 

e)  Transtracheal or endotracheal wash or bronchoal-

hemorrhage.  Pulmonary  angiography,  computer-

veolar lavage. 

ized  tomographic  digital  subtraction  angiograph, 

f)  Cytologic evaluation and culture/sensitivity should 

and/or  ventilation  perfusion  scanning  may  also 

be done on fluid obtained 

special staining for 

prove helpful. 

fungi  (periodic  acid–Schiff,  Gridley’s  fungal, 

u) 

Abdominal  ultrasound  and/or  skeletal  radio-

Gomori’s  methenamine  silver  stain)  and/or  lipid 

graphs (metastatic neoplasia, systemic infection, etc.). 

(Sudan Black, Sudan Red, Oil Red O) ± polarized 

E)  General  management  of  animals  with  pulmonary 

light   tissue chromatography. 

parenchymal disease

i)  The presence of leukocytes with intracellular 

a)  Oxygen  therapy  PRN  (via  flow- by,  mask,  hood, 

organisms confirms an infection. 

cage, etc.). 

g)  Lung aspirate with cytology   culture and sensitiv-

b)  Positive pressure ventilation, if:

ity   special staining for fungi (periodic acid–Schiff, 

i)  PaO2 < 60 mmHg or SpO2 < 90% with oxygen 

Gridley’s fungal, Gomori’s methenamine silver stain) 

supplementation. 

and/or lipid (Sudan Black, Sudan Red, Oil Red O)   

ii)  PaCO2 > 60 mmHg. 

polarized light   tissue chromatography. 

iii)  Severe dyspnea with impending fatigue. 

h)  Lung biopsy with cytology   culture and sensitiv-

c)  Fluid therapy

ity 

special  staining  for  fungi  (periodic  acid–

i)  Caution  should  be  exercised,  since  many 

Schiff,  Gridley’s  fungal,  Gomori’s  methenamine 

parenchymal diseases cause vascular endothe-

silver stain) and/or lipid (Sudan Black, Sudan Red, 

lial leakiness and predispose to fluid extrava-

Oil  Red  O) 

polarized  light 

tissue 

sation  into  the  lungs  (i.e.,  pulmonary 

chromatography. 

contusions,  acute  respiratory  distress  syn-

i)  Immunohistochemistry or polymerase chain 

drome (ARDS), etc.). 

reaction  testing  for   Toxoplasma  gondii  is 

ii)  Fluid therapy is contraindicated with cardio-

available. 

genic pulmonary edema. 

i)  Serum toxoplasma titers. 

F)  Specific  conditions  (see  Table  13.1  for  specific  drug 

j)  Fecal  float,  smear,  Baermann  to  evaluate  for  evi-

doses and details)

dence of parasitic infection. 

a)  Bacterial pneumonia

Table 13.1  Drug table. 

Contraindications or 

Routes of administration 

Drugs

Classes

Mechanism of action

Side effects

precautions

and doses

General uses

Aminophylline Xanthine derivative Competitive 

Central Nervous System 

1)  Hypersensitivity to 

5–10 mg/kg IV q6–8h

Feline asthma ± 

phosphodiesterase 

stimulation, gastric 

xanthines

atelectasis

inhibition to increase cyclic  irritation, nausea, vomiting 2)  Cardiac disease, adenosine monophosphate 

gastric ulcers, 

(cAMP), direct relaxation 

hyperthyroidism, 

of smooth muscle in 

hypertension, renal 

bronchi and pulmonary 

or hepatic disease

vasculature

Ampicillin 

Aminopenicillin

Inhibit cell wall synthesis;  Hypersensitivity, anorexia,  History of 22 mg/kg IV or PO q8h

Broad- spectrum 

clavulanate

addition of clavulanate will  vomiting, diarrhea

hypersensitivity

infection

inhibit bacterial lactamase

Amikacin

Aminoglycoside

Inhibits protein synthesis 

Nephrotoxicity, ototoxicity,  Renal disease, 

15 mg/kg IV q24h

Gram- negative 

by binding 30S ribosomal 

neuromuscular blockade,  dehydration, 

infections

subunit

facial edema, 

neuromuscular disease

hypersensitivity

Amphotericin B Polyene macrolide  Binds to sterols in cell 

Nephrotoxicity (less so 

1)  Hypersensitivity

A)  0.25 mg/kg in 30 ml D5W  Fungal infections

antifungal

membrane and alters 

with liposomal forms), 

2)  Renal disease

IV over 15 minutes q48h 

permeability

anorexia, vomiting, 

(  additional 

hypokalemia, distal renal 

therapeutics)

tubular acidosis, 

B)  Amphotericin B lipid 

hypomagnesemia, 

complex (ABLC; 

phlebitis, cardiac 

Abelcet®) 1 mg/kg IV 

arrhythmias, 

3 days per week for a 

nonregenerative anemia 

total of 12 treatments 

and fever

(cumulative dose of 

12 mg). Dilute to a 

concentration of 1 mg/ml 

in dextrose 5% (D5W) and 

infuse over 1–2 hours

Aspirin

Anticoagulant

Cyclooxygenase- 1 inhibitor  Nausea, anorexia, 

Gastrointestinal (GI) 

5 mg per cat PO q72h

Anticoagulant to 

(platelet inhibitor primarily  vomiting, gastric ulcers, 

ulcers, 

prevent further 

at low dose)

acidosis

thrombocytopenia or 

pulmonary or aortic 

thrombocytopathia, 

thromboembolism

active bleeding, 

presurgical or 

postsurgical procedures

Azithromycin

Macrolide

Binds 50S ribosomal unit 

Hypersensitivity, diarrhea,  1)  Hypersensitivity

5–10 mg/kg IV or PO q24h

 Mycoplasma 

and inhibits bacterial 

vomiting, anorexia

2)  Hepatic disease

 haemofelis, 

growth

toxoplasmosis, 

broad- spectrum 

bacterial infection

Cefoxitin

Cephamycin, 

Inhibits cell wall synthesis Diarrhea, 

History of 

30 mg/kg IV q6–8h

Broad- spectrum 

second- generation 

granulocytopenia, renal 

hypersensitivity, reduce 

infection

cephalosporin

tubular necrosis, 

dose with renal failure

hypersensitivity

Cefotaxime

Aminothiazolyl 

Inhibits cell wall synthesis Diarrhea, 

History of 

25–50 mg/kg IV q6–8h

Gram- negative 

cephalosporin, 

granulocytopenia, renal 

hypersensitivity, reduce 

infections

third- generation 

tubular necrosis, 

dose with renal failure

cephalosporin

hypersensitivity

Ceftriaxone

Cephalosporin, 

Disrupts the cell wall by 

Hypersensitivity reactions,  History of 

25–50 mg/kg IV/IM/SC q12h Gram- negative 

third generation

binding to penicillin- 

blood dyscrasias, diarrhea,  hypersensitivity to 

infections

binding proteins

local pain with injection, 

beta- lactam antibiotics, 

elevated liver enzymes, 

reduce dose with renal 

cholestasis, azotemia

failure

Clarithromycin Macrolide

Binds 50S ribosomal unit 

Hypersensitivity, diarrhea,  History of 

7.5 mg/kg PO q12h

 Mycoplasma 

and inhibits bacterial 

vomiting, anorexia, pinnal  hypersensitivity

 haemofelis, 

growth

erythema

toxoplasmosis, 

atypical 

mycobacterial 

infections

Clindamycin

Lincosamide

Binds 50S ribosomal 

Gastroenteritis, 

History of 

10 mg/kg IV q8–12h

Anaerobic 

subunit

hypersensitivity

hypersensitivity

infections, 

toxoplasmosis

Clopidogrel

Anticoagulant

Platelet aggregation 

Anorexia, vomiting, 

Active bleeding

18.75 mg/cat PO q24h (not to  Anticoagulant to 

inhibitor

diarrhea, nonregenerative 

exceed 5 mg/kg, so cats <3 kg  prevent further 

anemia

may need compounded 

pulmonary or aortic 

drug)

thromboembolism

Dexamethasone  Glucocorticoid

Anti- inflammatory, 

Polyuria/polydipsia, 

Sepsis (unless 

0.15 mg/kg IV q24h 

Inflammatory 

sodium 

immunosuppressive

polyphagia, weight gain, 

physiologic dose), 

(anti- inflammatory dose); 

disease, 

phosphate

diarrhea, hyperglycemia, 

diabetes mellitus, heart  0.2–0.5 mg/kg IV q24h for 

autoimmune 

fluid retention

failure

immunosuppression

disease, lipid 

pneumonia, 

pulmonary fibrosis, 

drug reaction, in 

conjunction with 

antiparasitic 

therapy

Enrofloxacin

Fluoroquinolone

Inhibits DNA gyrase

Vomiting, anorexia, ataxia,  History of 

5 mg/kg IV or PO q24h 

Gram- positive and 

seizures, cartilage 

hypersensitivity, young  (diluted, off- label use)

Gram- negative 

abnormalities, acute 

animals, breeding or 

infections

blindness, hypersensitivity pregnant animals

Epinephrine

Catecholamine

Alpha and beta receptor 

Vomiting, hypertension, 

Hypersensitivity, 

0.01–0.1 mg/kg IV/IO PRN

Anaphylaxis, 

agonist

arrhythmias, 

narrow- angle glaucoma, 

life- threatening 

hyperlactatemia

prefibrillatory rhythm

bronchoconstriction

( Continued)

Table 13.1  (Continued)

Contraindications or 

Routes of administration 

Drugs

Classes

Mechanism of action

Side effects

precautions

and doses

General uses

Fenbendazole

Benzimidazole 

Interferes with 

Hypersensitivity, vomiting None

50 mg/kg PO q24h for 

Lungworms

anthelmintic

microtubulin formation

10–14 days

Fluconazole

Antifungal 

Inhibits sterol synthesis of  GI upset, CNS, skin 

Not first- line therapy for  10 mg/kg PO q12h or 20 mg/ Coccidioides, thiabendazole

fungal cell membrane by 

changes, decreased 

treatment of 

kg PO q24h

Cryptococcus, 

inhibiting cytochrome P450 synthesis of cholesterol, 

Aspergillosis due to 

Histoplasmosis, 

cortisol, androgens

resistance

Blastomyces, 

Aspergillosis

100× more potent 

than ketoconazole

Flucytosine

Fluorinated 

Interferes RNA and DNA 

Vomiting, diarrhea, 

1)  Hypersensitivity

25–50 mg/kg PO q6h or 

Cryptococcosis, 

pyrimidine

synthesis

dose- dependent bone 

2)  Renal impairment, 

50–65 mg/kg PO q8h. Must 

candidiasis/

marrow suppression, oral 

preexisting bone 

be given with a polyene or 

candiduria

ulceration, increased 

marrow suppression,  azole antifungal agent

hepatic enzymes, CNS 

hematologic 

effects

diseases, or receiving 

other bone marrow 

suppressant drugs

Furosemide

Loop diuretic

Increases renal excretion of  Dehydration, electrolyte 

1)  Hypersensitivity

0.5–4 mg/kg IV or IM q1–2h  Cardiogenic 

water, sodium, potassium,  and acid/base imbalances,  2)  Severe dehydration in severe cases; 1–2 mg/kg 

pulmonary edema

chloride, calcium, 

ototoxicity, gastrointestinal 

PO q8–12h for maintenance

magnesium, hydrogen, 

disturbances, hematologic  3)  Furosemide should 

ammonium, and 

effects (anemia, 

be used with caution 

bicarbonate

leukopenia), weakness, 

in patients with 

and restlessness

preexisting 

electrolyte or water 

balance 

abnormalities, 

impaired hepatic 

function (may 

precipitate hepatic 

coma), and diabetes 

mellitus

Itraconazole

Triazole

Alters cell membrane and 

Anorexia, weight loss, 

1)  Hypersensitivity

10 mg/kg/day PO with food

Fungal infections

increases permeability

vomiting, increased liver 

2)  Hepatic insufficiency

enzymes, depression

3)  Achlorhydria/

hypochlorhydria

Ivermectin

Avermectin 

Enhances release of GABA  Hypersensitivity, agitation,  Hypersensitivity 0.4 mg/kg SQ once

 Aelurostrongylus 

anthelmintic

to paralyze parasite

vocalization, anorexia, 

 abstrusus, 

mydriasis, rear limb 

 Capillaria aerophila

paresis, tremors, 

disorientation, blindness, 

head pressing, wall 

climbing, absence of 

oculomotor menace reflex, 

slow and incomplete 

pupillary light response

Ketoconazole

Imidazole

Increases cell wall 

Anorexia, vomiting, 

1)  Hypersensitivity

10–15 mg/kg PO q12h

Fungal infections

permeability and inhibits 

diarrhea, hepatic toxicity,  2)  Hepatic insufficiency

growth

thrombocytopenia, 

reversible lightening of 

3)  Thrombocytopenia

hair coat, transient 

4)  Cats may be 

dose- related suppressant 

especially sensitive 

effect on gonadal and 

to this drug

adrenal steroid synthesis

Levamisole

Imidazothiazole 

Nicotinic acetylcholine 

Anorexia, vomiting, 

1)  Low margin of safety  4.18 mg/kg PO q3mo

 Capillaria aerophila

anthelmintic

receptor agonist on 

diarrhea, CNS signs

with parenteral 

nematode muscle cells, 

administration; use 

inhibits fumarate reductase

oral route if possible

Minocycline

Synthetic 

Inhibits 30S subunit of 

Hypersensitivity reactions,  1)  Avoid during tooth 

6–11 mg/kg PO q12h × 21d

Mycoplasma, 

tetracycline

bacterial ribosomes

fever, hypotension (IV 

development 

chlamydia, 

only), hepatic steatosis, 

(discolors developing 

CNS, nausea, vomiting

teeth)

hemobartonella, 

2)  Avoid rapid IV 

tularemia, 

administration

actinomycosis, 

3)  Can interfere with 

nocardiosis, 

divalent or trivalent 

mycobacteriosis, 

cation- containing 

bartonellosis

compounds

N- acetyl 

Derivative of 

Mucolytic

Nausea, vomiting

Hypersensitivity

70 mg/kg IV q6h (diluted, 

Pulmonary 

cysteine

L- cysteine

off- label use)

consolidation

Praziquantel

Taeniacidal

Disrupts intracellular 

Hypersalivation, diarrhea,  Not for use in kittens 

23 mg/kg PO q8h × 3d

Anticestodal (e.g., 

calcium homeostasis, 

mild exudation at 

under 6 weeks of age

lungworms)

leading to disruption of 

application site, lethargy, 

parasitic tegument/

vomiting

integument

( Continued)

Table 13.1  (Continued)

Contraindications or 

Routes of administration 

Drugs

Classes

Mechanism of action

Side effects

precautions

and doses

General uses

Praziquantel

Prazinoisoquinoline  Unknown

Hypersensitivity, diarrhea,  Hypersensitivity

23–25 mg/kg PO q8h for 

 Paragonimus 

derivative 

weakness, vomiting, 

3 days

 kellicotti

anthelmintic

salivation, sleepiness, 

transient anorexia, pain at 

the injection site

Prednisolone

Glucocorticoid

Anti- inflammatory and 

Polyuria/polydipsia, 

Sepsis (unless 

0.5–1 mg/kg PO q24h 

Inflammatory 

immunosuppressive

polyphagia, weight gain, 

physiologic dose), 

(anti- inflammatory dose); up  disease, 

diarrhea, hyperglycemia, 

diabetes mellitus, heart  to 4.4 mg/kg PO q24h for 

autoimmune 

fluid retention

failure

immunosuppression

disease, lipid 

pneumonia, 

pulmonary fibrosis, 

drug reaction, in 

conjunction with 

antiparasitic 

therapy

Pyrimethamine Antimalarial/

Dihydrate folate reductase  Anorexia, diarrhea, 

1)  Folate deficiency

0.5–1 mg/kg PO q24h for 

 Toxoplasma gondii

antiprotozoal

inhibitor

stomatitis, vomiting/

2)  Impaired renal or 

14–21d (administer with 

nausea, leukopenia

hepatic function

25 mg/kg PO sulfadiazine 

3)  History of 

q12h)

hypersensitivity

Terbutaline

Beta- 2 agonist

Stimulation of B- 2 

Hypotension, tachycardia,  1)  Cats that are 

Asthma: 0.01 mg/kg SC q4h;  Feline asthma

receptors causes smooth 

tremors, CNS excitement, 

hypersensitive to 

0.3–0.6 mg total dose or 

muscle relaxation

hypokalemia

terbutaline

0.03 mg/kg PO q8–12h

2)  Cardiac disease, 

Inhaler with spacer dose for 

diabetes, 

asthma: press inhaler twice 

hyperthyroidism, 

and allow cat to take 5–7 

hypertension, or 

breaths

seizure disorders

Ticarcillin ± 

Aminopenicillin

Inhibit cell wall synthesis;  Hypersensitivity, anorexia,  History of 50 mg/kg IV q6h

Broad- spectrum 

clavulanate

addition of clavulanate will  vomiting, diarrhea

hypersensitivity

bacterial infections

inhibit bacterial lactamase

Trimethoprim 

Potentiated 

Inhibits bacterial thymidine  Anorexia, crystalluria, 

1)  History of 

15–30 mg/kg IV or PO 

Broad- spectrum 

sulfa

sulfonamide

synthesis

hematuria, leukopenia 

hypersensitivity

q12–24h

bacterial infections, 

anemia

2)  Hepatic disease

toxoplasmosis, 

3)  Blood dyscrasia

 Pneumocystis 

 carinii, 

4)  ± Urolithiasis

coccidia

Vitamin K1 

Vitamin

Cofactor for synthesis of 

Anaphylaxis if given IV, 

Hypersensitivity

2.5–5 mg/kg SQ or PO q24h

Anticoagulant 

(phytonadione)

coagulation factors II, VII,  bleeding from injection site 

rodenticide toxicity, 

IX, and X in the liver

if SQ

liver disease, biliary 

tract obstruction

 Feline Emergency and Critical Care Medicine 141

i)  Nebulization and coupage. 

iv)  Antimetabolites

ii)  Antibiotic therapy

1)  Flucytosine  (25–50 mg/kg  PO  q6h  or 

1)  Empiric  choices  pending  culture  and 

50–65 mg/kg PO q8h). 

susceptibility  testing  results  include 

v)  Chitin synthesis inhibitors

ampicillin (22 mg/kg IV q8h) with enro-

1)  Nikkomycin

floxacin (5 mg/kg IV q24h), clindamycin 

a)  No published doses for cats. 

(10 mg/kg  IV  q8–12 h  with  enrofloxacin 

2)  Lufenuron

(5 mg/kg  IV  q24h),  ampicillin/clavula-

a)  Published use in dogs only. 

nate (22 mg/kg IV q8h), cefoxitin (30 mg/

d)  Parasitic pneumonia

kg  IV  q6–8h),  piperacillin/tazobactam 

i)  Aelurostrongylus abstrusus

(50–100 mg  piperacillin)  IV  q6h  or  CRI 

1)  Often self- limiting. 

post  4 mg/kg  bolus  +3.2 mg/kg/h,  or  a 

2)  Fenbendazole  (50 mg/kg  PO  q24h  for 

third- generation  cephalosporin  such  as 

10–14 days). 

ceftriaxone (25 mg/kg IV q8–12h). 

3)  Ivermectin (0.4 mg/kg SQ once). 

iii) 

Bronchodilator therapy

ii)   Capillaria aerophila

1)  Controversial  benefit— may  worsen  V/Q 

1)  Fenbendazole  (50 mg/kg  PO  q24h  for 

mismatch. 

10–14 days). 

2)  Beta- 2  agonists  (i.e.,  terbutaline  at 

2)  Ivermectin (0.4 mg/kg SQ once). 

0.01 mg/kg IM/SQ/IV q6–8h). 

3)  Levamisole (4.18 mg/kg PO q 3 mos). 

3)  Methylxanthines  (i.e.,  aminophylline 

iii)   P. kellicotti

5–10 mg/kg  IV  q6–8h  or  theophylline  at 

1)  Praziquantel (23 mg/kg PO q8h × 3d). 

15–25 mg/kg PO q24–48h). 

2)  Fenbendazole  (50 mg/kg  PO  q24h  for 

iv) 

Mucolytics

10–14 days). 

1)  Efficacy unproven. 

iv)   Cuterebra spp. 

2)  N- acetyl cysteine (50 mg/kg IV q6h). 

1)  Ivermectin (0.4 mg/kg SQ once). 

b)  Protozoal pneumonia

2)  ± Glucocorticoid therapy (dexamethasone 

i)   Toxoplasma gondii

sodium phosphate 0.2–0.5 mg/kg IV q24h 

1)  Clindamycin hydrochloride (10 mg/kg IV 

or prednisolone 0.5–1 mg/kg PO q24h). 

q8–12h). 

e)  Lipid pneumonia

2)  Potentiated  sulfonamides  (i.e.,  trimetho-

i)  Exogenous lipid pneumonia

prim sulfa 15–30 mg/kg IV or PO q12–24h). 

1)  Discontinue  forced  administration  of 

3)  Pyrimethamine 

(0.5–1 mg/kg 

PO 

petroleum products. 

q24h × 14–2d administer with 25 mg/kg 

2)  Use of glucocorticoids is controversial. 

PO sulfadiazine q12h). 

ii)  Endogenous lipid pneumonia

4)  Minocycline (6–11 mg/kg PO q12h × 21d). 

1)  Treatment  of  underlying  disease,  if  pre-

5)  Azithromycin (5–10 mg/kg IV or PO q24h). 

sent, and surgical removal of affected lung 

6)  Clarithromycin (7.5 mg/kg PO q12h). 

lobes (in humans, since treatment of cat is 

7)  Topical,  oral,  or  parenteral  glucocorti-

not reported). 

coids in cats with uveitis. 

2)  Use of glucocorticoids is controversial. 

c)  Mycotic pneumonia

f)  Inflammatory

i)  Nebulization and coupage. 

i)  Idiopathic hypereosinophilia syndrome

ii)  Polyene antibiotics

1)  Immunosuppressive  glucocorticoid  ther-

1)  Amphotericin B (0.25 mg/kg IV q48h)

apy  (dexamethasone  sodium  phosphate 

–  Lipid encapsulated form is less nephro-

0.2 mg/kg  IV  q24h  or  prednisolone 

toxic (1 mg/kg IV 3d/week for total of 

0.5–0.1 mg/kg  PO  q24h);  wean  to  anti- 

12 treatments). 

inflammatory doses once stable. 

iii)  Azoles

ii)  Potassium bromide therapy

1)  Ketoconazole (10–15 mg/kg PO q12h). 

1)  Discontinue potassium bromide. 

2)  Itraconazole (10 mg/kg/day PO with food). 

2)  ±  Glucocorticoid  administration  (dexa-

a)  Best tolerated “azole” in cats. 

methasone  sodium  phosphate  0.2 mg/kg 

3)  Fluconazole (10 mg/kg PO q12h or 20 mg/

IV  q24h  or  prednisolone  0.5–0.1 mg/kg 

kg POq24h). 

PO q24h). 
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g)  Usual interstitial pneumonia

2)  100% oxygen for 4–6 hours to reduce the 

i)  Idiopathic pulmonary fibrosis

half- life of carbon monoxide. 

1)  Drug therapy is typically unrewarding, but 

3)  Nebulization and coupage. 

has  primarily  included  glucocorticoids, 

4) 

Bronchodilators  reserved  for  cats 

bronchodilators, and antimicrobials. 

with  reflex  bronchoconstriction  (sus-

2)  Cyclophosphamide  has  been  used  suc-

pected in cats with audible or ausculta-

cessfully in one cat. 

ble wheezes   hypercapnia). 

h)  Edema

5) 

Tracheostomy if severe upper airway 

i)  Cardiogenic  pulmonary  edema  (see  Chapters 

obstruction. 

14—Approach to Diagnosis and Treatment of 

6) 

Treatment of ocular injuries. 

Feline  Cardiac  Emergencies  &  Chapter  15—

ii)  Prolonged oxygen therapy

Management of Specific Cardiac Diseases for 

1)  Decrease fraction of inspired oxygen to 

further information)

<60% after 4–6 hours. 

1)  Furosemide (0.5–4 mg/kg IV q1–4h). 

l)  Adverse drug reaction

ii)  Noncardiogenic pulmonary edema

i)  Discontinue drug. 

1) 

Diuretic therapy (furosemide 0.5–4 mg/

ii) 

Glucocorticoids  (dexamethasone  sodium 

kg IV q1–4h). 

phosphate 0.15–0.5 mg/kg IV q24h) or epineph-

2)  Correct underlying disease states. 

rine  if  life- threatening  (0.01–0.1 mg/kg 

i)  Hemorrhage

IV PRN). 

i)  Pulmonary contusions

m)  Neoplasia

1)  Use of judicious intravenous fluids during 

i)  Surgical excision. 

resuscitation  and  maintenance  is 

ii)  Adjunctive  chemotherapy  +/-  radiation 

recommended. 

therapy as indicated. 

2)  Treat  associated  thoracic  and  life- 

n)  Atelectasis

threatening injuries first. 

i)  Use  adequate,  not  excessive  concentrations 

3)  Analgesia PRN. 

of oxygen therapy, since high inspired oxy-

4)  Avoid  diuretics  or  prophylactic  use  of 

gen concentrations predispose to atelectasis. 

antibiotics or glucocorticoids. 

ii)  If  mechanical  ventilation  is  required,  the 

5)  Fresh  frozen  plasma  (10 ml/kg)  for  pro-

use  of  a  recruitment  or  vital  capacity 

longed  prothrombin  time  (PT),  partial 

maneuver  may  be  beneficial.  Positive  end 

thromboplastin  time  (PTT),  and/or  acti-

expiratory  pressure  will  also  help  reduce 

vated clotting time (ACT). 

atelectasis. 

6)  Vitamin  K1  if  indicated  (anticoagulant 

iii)  Aminophylline  has  proven  helpful  in 

rodenticide  toxicity,  liver  disease,  biliary 

humans with postoperative atelectasis. 

obstruction, etc.) at 2.5–5 mg/kg SQ or PO 

o)  Accidental drowning/submersion injury

(with fatty meal) every 24 hours. 

i)  Use of judicious intravenous fluids during resus-

–  Caution:  excessive  vitamin- K  therapy 

citation and maintenance is recommended. 

in  cats  leads  to  oxidant  injury  to  red 

ii)  Correct acid/base abnormalities. 

blood cells and Heinz body anemia. 

p)  Pulmonary thromboembolism

7)  Fresh whole blood or platelet- rich plasma 

i)  Identify  underlying  cause  and  treat  it 

for thrombocytopathia or severe thrombo-

appropriately. 

cytopenia (<20 000/μl). 

ii) 

Thrombolytic therapy. 

j)  Endogenous toxins

iii)  Anticoagulant therapy (e.g., aspirin 5 mg/cat 

i)  Uremic pneumonitis

PO  q72h  or  clopidogrel  18.75 mg/cat  PO 

1)  Correct uremia. 

q24h,  not  to  exceed  5 mg/kg,  so  cats  <3 kg 

k)  Inhaled toxins

may need compounded drug). 

i)  Smoke  or  toxin  exposure  (see  Chapter  12— 

q)  Lung lobe torsion

Lower Airway Disease)

i)  Cardiopulmonary stabilization. 

1)  Use of judicious intravenous fluids dur-

ii)  Surgical excision of affected lobe. 

ing  resuscitation  and  maintenance  is 

iii)  ± Thoracic  duct  ligation  and  subtotal  peri-

recommended. 

cardiectomy, as indicated. 
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UNIQUE FEATURES



● The most common feline cardiac emergencies include congestive heart failure (CHF), aortic thromboembolism (ATE), and arrhythmias. 



● The history, physical examination, and radiographic findings in feline congestive heart failure are different and vary more widely than in canine congestive heart failure. 



● Coughing is not usually associated with congestive heart failure in cats. 



● Utilizing bedside plasma biomarker assays and performing a focused thoracic ultrasound can greatly improve confidence and accuracy in diagnosis of acute heart failure in cats. 



● There is dearth of information regarding the best antithrombotic therapies in cats, but Plavix is superior to aspirin. Orally administered anti- Xa drugs are promising research prospects. 

Many cats presenting with cardiac emergencies are in res-

e)  Most  cats  with  CHF  present  with  respiratory 

piratory  distress,  and  a  focused  and  rapid  assessment  is 

distress. 

critical  in  providing  lifesaving  treatments.  This  chapter 

i)  Unlike  dogs,  coughing  is  not  a  common  pre-

presents  an  approach  to  diagnosis  and  therapy  of  acute 

senting complaint. 

CHF, ATE, and arrhythmias in cats. 

f)  An  antecedent  event  such  as  stress,  anesthesia, 

fluid  therapy,  or  steroid  treatment  is  occasionally 

reported (Payne et al. 2010). 

14.1   Congestive Heart Failure

B)  Physical examination

a)  Cats with cardiomyopathy might have normal aus-

A)  Signalment and history

cultation  findings,  and  the  prevalence  of  benign 

a)  Several breeds of cats including Maine Coon, Ragdoll, 

murmurs in normal cats without cardiac disease is 

Sphynx, British Shorthair, and Norwegian Forest cats 

high, making it challenging to rely on examination 

are genetically predisposed to developing cardiomyo-

findings  for  diagnosis  of  heart  failure  (Paige 

pathy; however, most affected cats are non- pedigree 

et al. 2009; Payne et al. 2010). 

(Meurs et al. 2009; Trehiou- Sechi et al. 2012). 

i)  Detection of a gallop sound or an arrhythmia 

b)  Male cats might be at greater risk for hypertrophic 

should increase the suspicion for CHF in cats 

cardiomyopathy (HCM) (Payne et al. 2010; Trehiou- 

presenting  for  respiratory  symptoms  (Payne 

Sechi et al. 2012). 

et al. 2010). 

c)  Cats of any age can be affected. 

b)  While dogs with CHF typically present tachycardic, 

i)  Maine Coon and Sphynx are typically younger at 

cats with CHF can be bradycardic, tachycardic, or 

the time of diagnosis (Trehiou- Sechi et al. 2012). 

have a normal heart rate (Payne et al. 2010). 

d)  Cats are often diagnosed with cardiac disease when 

c)  Cats  might  have  muffled  lung  sounds  if  pleural 

they present with symptoms of CHF or ATE. 

effusion  is  present  or  increased  lung  sounds  or 

 Feline Emergency and Critical Care Medicine, Second Edition. Edited by Kenneth J. Drobatz, Erica Reineke, Merilee F. Costello, and William T. N. Culp. 

© 2023 John Wiley & Sons, Inc. Published 2023 by John Wiley & Sons, Inc. 

[image: Image 51]

144  Approach to Diagnosis and Treatment of Feline Cardiac Emergencies crackles if pulmonary edema is present, but some 

ii)  Additionally, the radiographic appearance and 

cats with CHF have normal lung sounds. 

distribution  of  pulmonary  edema  in  cats  are 

C)  Diagnostic testing

widely variable, which can make assessment of 

An approach to diagnosis and initial treatment for dyspnea 

CHF  based  on  radiographs  alone  challenging 

in cats is presented in Figure 14.1. 

(Benigni et al. 2009). 

a)  Cats  presenting  with  CHF  are  typically  unstable, 

iii)  Plasma N- terminal pro- B- type natriuretic pep-

and  efforts  should  be  taken  to  limit  the  stress  of 

tide  (NT- proBNP)  increases  with  myocardial 

diagnostic testing to avoid decompensation. 

stretch,  and  increases  with  atrial  dilation  and 

i)  If there is clinical suspicion for CHF based on 

left  ventricular  hypertrophy  in  cats  (Fox 

history and physical examination, it is reasona-

et al. 2009). 

ble  to  administer  a  dose  of  furosemide  intra-

1)  A cutoff value of 265 pmol/l confers 90% sen-

muscularly or intravenously and allow the cat 

sitivity  and  88%  specificity  to  discriminate 

time  to  calm  down  before  pursuing  further 

between CHF and primary respiratory disease 

diagnostics. 

as a cause for dyspnea in cats (Fox et al. 2009). 

b)  Thoracic radiographs are considered the most reli-

2)  A  qualitative  point- of- care  test  (SNAPTM 

able tool for diagnosis of CHF. 

Feline  proBNP  test,  IDEXX  Laboratories 

i)  A right lateral thoracic radiograph of a cat with 

Inc.) is commercially available for cats. 

CHF is presented in Figure 14.2. 

–  A normal test result excludes moderate to 

c)  Recent studies in cardiac biomarkers and focused 

severe  cardiac  disease,  making  it 

cardiac  ultrasound  have  proven  these  diagnostics 

extremely  useful  for  rapidly  distinguish-

tools important and accurate tools for rapid assess-

ing  cardiac  versus  noncardiac  causes  of 

ment  of  unstable  cats  (Fox  et  al.  2009;  Herndon 

dyspnea in cats (Machen et al. 2014). 

et  al.  2008;  Machen  et  al.  2014;  Oyama  2013; 

–  An  abnormal  result  increases  the  likeli-

Singletary et al. 2012; Ward et al. 2018). 

hood  of  severe  cardiac  disease,  though 

i)  Unlike thoracic radiographs, these can be per-

severe  renal  disease  might  impact  the 

formed cage side with minimal restraint. 

test’s validity. 

Heart failure unlikely. 

Thoracic radiographs

recommended. 

Focused cardiac

ultrasound:

Point-of-care

Normal left atrial

NT-pro BNP

size

normal

Respiratory

distress

Point-of-care

NT-pro BNP

abnormal

Focused cardiac

ultrasound:

Left atrial size large

Heart failure possible. 

or equivocal

Initiate diuretic treatment. 

Obtain radiographs

when stable. 

Figure 14.1  A suggested clinical approach to the dyspneic feline patient. 
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two  is  highly  supportive  of  CHF  (Smith  and 

Dukes- McEwan 2012). 

1)  The left atrium is most easily assessed from a 

right- sided short- axis view, and an example 

of a cat with severe left atrial dilation is pre-

sented in Figure 14.3. 

iii)  While pleural effusion might be due to cardiac or 

noncardiac causes, finding even trace amounts 

of  pericardial  effusion  is  highly  supportive  of 

CHF in cat with dyspnea (Ward et al. 2018). 

D)  Treatment (Table 14.1)

a)  Thoracocentesis  should  be  quickly  performed  for 

cats  presenting  with  moderate  to  severe  pleural 

effusion. 

b)  Oxygen should be provided to reduce the work of 

breathing. 

c)  Furosemide should be administered intravenously. 

Figure 14.2  A right lateral thoracic radiograph from a cat with i)  Furosemide administered as a continuous rate 

CHF. Note the large cardiac silhouette, distended pulmonary 

infusion is not more effective than bolus dosing 

vasculature, and patchy interstitial to alveolar pulmonary 

and is associated with greater risk for dehydra-

pattern. 

tion and azotemia (Ohad et al. 2018). 

1)  Therefore,  bolus  dosing  is  recommended 

–  General- practice veterinarians are more 

and should be titrated to clinical effect. 

accurate  and  more  confident  in  distin-

d)  Cats that are extremely anxious despite these inter-

guishing  cardiac  versus  noncardiac 

ventions  might  benefit  from  intravenous  or  intra-

causes of dyspnea in cats when provided 

muscular butorphanol. 

NT- proBNP 

results 

(Singletary 

e)  Cats that are hypotensive might require treatment 

et al. 2012). 

with dobutamine, though arrhythmias are a poten-

iv)  Plasma  cardiac  troponin  I  is  an  indicator  of 

tial side effect of this treatment. 

myocardial injury, and has been investigated as 

f)  While a cornerstone of treatment for dogs, the use 

a  potential  tool  for  diagnosis  of  CHF  in  cats 

of pimobendan is currently off- label and controver-

with respiratory distress (Herndon et al. 2008; 

sial  in  cats  (Gordon  et  al.  2012;  Hambrook  and 

Oyama 2013). 

Bennett 2011). 

1)  However, as troponin I can be affected by a 

i)  Pimobendan is a positive inotrope and a vasodi-

number  of  systemic  diseases  and  there  is 

lator; thus, its utility in a population of animals 

wide overlap between animals with cardiac 

typically  suffering  from  diastolic  dysfunction 

and  noncardiac  causes  of  dyspnea,  its  cur-

rather than systolic dysfunction is questionable. 

rent utility is limited (Oyama 2013). 

1)  Proposed  mechanisms  of  efficacy  include 

d)  Focused cardiac ultrasound is a brief assessment for 

improving atrial systolic function and myo-

thoracic cavity effusions, pulmonary B- lines (echo-

cardial perfusion via coronary vasodilation. 

genic  artifacts  sometimes  seen  with  pulmonary 

–  Pimobendan  appears  to  be  safe  in  cats 

edema and other lung disease), and evaluation of 

without  systolic  anterior  motion  of  the 

cardiac chamber sizes and contractility. 

mitral valve, but its safety in cats with sys-

i)  Emergency  veterinarians  that  participate  in  a 

tolic  anterior  motion  and  its  efficacy  in 

short didactic training session are able to effec-

cats with HCM in general are unknown. 

tively  implement  this  technique,  and  in  con-

–  The authors do not routinely recommend 

junction  with  point- of- care  NT- proBNP  tests 

its use in most cats based on current evi-

have high accuracy in diagnosis of CHF (Ward 

dence, but would use it in cases with sys-

et al. 2018). 

tolic dysfunction and might consider it in 

ii)  An  increased  left  atrial  size  is  typically 

cases with severe refractory edema due to 

the  most  reliable  indicator  of  CHF,  and  a 

HCM without systolic anterior motion of 

left- atrial- to- aortic- root  ratio  of  greater  than 

the mitral valve. 
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b

Figure 14.3  A right parasternal short- axis echocardiographic view of the heart in two cats. Note the (a) marked left atrial dilation in a cat compared to the (b) normal left atrium in another cat. 

Table 14.1  Common drugs used for feline cardiac emergencies. 

Drug

Route

Indications

Dosage

Atenolol

Oral

Supraventricular or ventricular 

6.25 mg–12.5 mg

arrhythmias, syncope from LVOT 

q12–24h

obstruction

Buprenorphine

Intravenous

Pain associated with ATE

0.005–0.01 mg/kg

Intramuscular

q6–8h

Butorphanol

Intravenous

Anxiety associated with dyspnea

0.1–0.4 mg/kg

Clopidogrel

Oral

ATE or high risk for embolic disease

18.75 mg q24h

Diltiazem

Intravenous

Atrial fibrillation, other 

0.1–0.2 mg/kg IV bolus; 

Oral

Supraventricular Tachycardia (SVT)

2–6 μg/kg/min CRI

Dilacor XR 30 mg q12–24h

Dobutamine

Intravenous

Hypotension

2–8 μg/kg/min CRI

Enoxaparin

Subcutaneous

ATE or high risk for embolic disease

1.25 mg/kg q12h

Esmolol

Intravenous

Supraventricular or ventricular 

50–100 μg/kg bolus, 

arrhythmias

25–200 μg/kg/min CRI

Furosemide

Intravenous Intramuscular 

CHF

Acute: 1–2 mg/kg 

Subcutaneous

intravenous q1–8h titrate 

Oral

to effect

Chronic: 1–2 mg/kg q8–12h

Lidocaine

Intravenous

Refractory ventricular tachycardia

0.1–0.5 mg/kg

Pimobendan

Oral

Systolic dysfunction

1.25 mg q8–12h

Refractory CHF

Rivaroxaban

Oral

ATE or high risk for embolic disease

2.5 mg q24h

Sotalol

Oral

Ventricular tachycardia

2 mg/kg q12h

Terbutaline

Intravenous

Symptomatic bradycardia

0.05–0.1 mg/kg q8

Intramuscular

0.625–1.25 mg/cat q12h

Subcutaneous

Oral

Theophylline

Oral

Symptomatic bradycardia

5–10 mg/kg q12h

LVOT = Left ventricular outflow tract, CHF = congestive heart failure, ATE = aortic thromboembolism, Dilacor XR (diltiazem hydrochloride capsule). 
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g)  Assessment of baseline renal values is  recommended 

i)  Additionally,  the  pain  of  the  embolus  might 

once the patient is stable. 

cause associated tachypnea. 

i)  Renal  values  and  electrolytes  should  be  care-

c)  Some  cats  present  hypothermic  and  this  is  poor 

fully monitored during treatment, and furosem-

prognostic indicator (less than 98.9 F [37.2 °C] pre-

ide dosing adjusted based on clinical response 

dicts less than 50% probability of survival) (Smith 

and degree of azotemia. 

et al. 2003). 

h)  Once  an  adequate  clinical  and  radiographic 

C)  Diagnostic testing

response  to  treatment  has  been  observed,  the  cat 

a)  Though  the  history  and  physical  examination  are 

can be transitioned to room air and discharged with 

typically  diagnostic  for  ATE,  supportive  evidence 

chronic oral therapy for heart failure. 

could  be  garnered  from  performing  a  differential 

i)  A recheck evaluation including assessment of 

blood glucose of an affected limb compared to an 

renal values and thoracic radiographs is recom-

unaffected limb. 

mended 5–7 days following discharge. 

i)  A  difference  in  blood  glucose  of  greater  than 

30 mg/dl is 100% sensitive and 90% specific for 

ATE in cats, and may help distinguish a neuro-

14.2   Arterial Thromboembolism

logic or orthopedic cause for paresis (Klainbart 

et al. 2014). 

A)  History

b)  Thoracic  radiographs  are  recommended  to  assess 

a)  Up to 17% of cats with cardiomyopathy will experi-

for pulmonary edema. 

ence  cardiogenic  ATE  (Atkins  et  al.  1992;  Payne 

c)  Blood work should be performed to establish base-

et al. 2010). 

line renal values and electrolytes. 

b)  A majority of cats presenting with ATE do not have 

d)  An  echocardiogram  can  be  performed  to  confirm 

a history of cardiac disease, and therefore the symp-

and characterize cardiac disease. 

toms are typically extremely acute (Payne et al. 2010; 

i)  An image from a cat suffering ATE showing a 

Smith et al. 2003). 

dilated left auricle filled with spontaneous echo 

B)  Physical examination

contrast (“smoke”) and a cat with a left atrial 

a)  The most common site of embolism is the aortic tri-

thrombus is presented in Figure 14.4. 

furcation; consequently, symptoms typically involve 

D)  Treatment

the hind limbs (pain, pallor, pulselessness, paresis, 

a)  When  faced  with  the  decision  of  admitting  their 

and cold extremities), though the thoracic limbs can 

cat for expensive treatment with guarded progno-

rarely be affected. 

sis, and then committing to lifelong management 

b)  More than half of cats presenting with ATE are also 

of  chronic  cardiac  disease,  most  owners  elect 

in  CHF,  so  dyspnea  is  a  common  finding  (Atkins 

humane  euthanasia  (Payne  et  al.  2010;  Smith 

et al. 1992; Payne et al. 2010). 

et al. 2003). 

a

b

Figure 14.4  (a) A modified left apical echocardiographic view of the dilated left auricle in a cat with ATE. Note the severe spontaneous echo contrast. (b) A right parasternal short- axis view of the dilated left atrium. Note the ball thrombus within the left atrial lumen. 
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2)  Rivaroxaban,  a  specific  anti- Xa  anticoagu-

survive to discharge (Smith et al. 2003). 

lant  administered  orally,  has  been  recently 

1)  The cats that are discharged can have decent 

investigated in cats. 

long- term  prognosis;  most  recover  near- 

–  It has predictable and effective anticoagu-

complete limb function and have good qual-

lant effects and is well tolerated, but effi-

ity  of  life  for  several  months  or,  in  some 

cacy in clinical patients is not yet known 

cases, a year or more. 

(Dixon- Jimenez et al. 2016). 

2)  Cats that are in CHF at the time of diagnosis 

–  At the time of writing, the medication is 

have  worse  long- term  prognosis  (Smith 

fairly expensive. 

et al. 2003). 

d)  Cats who survive to discharge should receive some 

3)  Cats who have experienced ATE are at very 

form of chronic antithrombotic treatment, chronic 

high risk for recurrent ATE or development 

therapy for CHF if indicated, and might continue a 

of CHF despite treatment. 

short course of analgesic medication until recheck 

b)  Treatment  for  ATE  is  mainly  supportive,  with  a 

examination in 5–7 days. 

focus on pain control and nursing care. 

i)  Buprenorphine is typically an effective analge-

sic, but fentanyl might also be considered. 

14.3   Arrhythmias

ii)  Cats should be turned periodically, and if they 

are not able to posture to urinate, they might 

A)  History

require bladder expression. 

a)  While Holter monitoring reveals that arrhythmias 

iii)  If CHF is present, it should be treated  cautiously; 

are  fairly  common  in  cats  with  cardiomyopathy, 

due to the pain and immobility associated with 

they  are  uncommonly  a  reason  for  presentation 

ATE, cats are often anorexic and highly suscep-

to  the  emergency  room  or  detected  at  the  time 

tible to dehydration and azotemia. 

of  presentation  (Bartoszuk  et  al.  2019;  Payne 

1)  Nasoesophageal  tube  placement  might  be 

et al. 2010). 

considered for enteral rehydration. 

i)  Cats with both bradyarrhythmias and tachyar-

iv)  Continuous electrocardiogram (ECG) monitor-

rhythmias may present for extreme lethargy, or 

ing is recommended for cats that will tolerate it, 

collapse,  dyspnea,  suspected  seizures,  or  the 

as  they  might  be  at  risk  for  hyperkalemia- 

arrhythmia  may  be  an  incidental  finding  on 

induced arrhythmias due to reperfusion injury. 

examination  (Cote  et  al.  2004;  Kellum  and 

c)  Evidence for effective antithrombotic treatment for 

Stepien 2006). 

cats with ATE is lacking. 

B)  Physical examination

i)  Clopidogrel has been shown superior to aspirin 

a)  Cats might present with bradycardia (atrial ventric-

in preventing recurrent ATE (Hogan et al. 2015). 

ular block [AVB], sick sinus syndrome, etc.) or tach-

ii)  Unfractionated and low- molecular- weight hep-

ycardia  (ventricular  tachycardia,  supraventricular 

arins (LMWH) have been investigated as poten-

tachycardia, atrial fibrillation, etc.). 

tial treatment options. 

i)  Figure  14.5  shows  an  example  of  ventricular 

1)  While LMWH should be more bioavailable 

tachycardia. 

and  have  more  predictable  anticoagulant 

ii)  Figure 14.6 illustrates complete AV block. 

effects, the optimal dosing has not yet been 

b)  If CHF is concurrently present, they might have res-

determined in cats. 

piratory distress. 

–  Cats likely require higher doses and more 

C)  Diagnostic testing

frequent  administration  than  humans, 

a)  Electrocardiography  is  recommended  for  any  cat 

and  LMWH  has  not  been  shown  to 

with an arrhythmia. 

improve  outcome  in  cats  with  ATE 

b)  Some cats might benefit from 24- hour Holter moni-

(Alwood et al. 2007; Smith et al. 2004). 

toring to guide treatment recommendations. 

–  Additionally,  owner  compliance  may  be 

D)  Treatment

challenging with a subcutaneously admin-

a)  Cats  presenting  with  sustained  ventricular  tachy-

istered treatment. 

cardia  should  be  treated,  but  unlike  dogs  they  do 
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Figure 14.5  A 6- lead ECG (50 mm/s, 10 mm/mV) from a cat with ventricular tachycardia. The wide negative QRS morphology represents rapid ventricular tachycardia. Notice the small- amplitude QRS complexes (blue arrows and normal sinus beats) in the middle of this ECG. 

Figure 14.6  A lead- II ECG (50 mm/sec, 20 mm/mV) from a cat with complete AV block and ventricular escape complexes. The blue arrows represent the blocked P waves. 

not tolerate lidocaine treatment well with high risk 

c)  High- grade  second- degree  and  complete  AVB  are 

for seizures. 

typically well tolerated in cats unlike dogs, as their 

i)  Esmolol is a short- acting beta blocker that can 

escape foci tend to allow for acceptable heart rates 

be administered as a bolus injection, and typi-

(median  120 bpm),  though  some  will  present  for 

cally yields good response. 

symptoms such as collapse, weakness, or suspected 

1)  Atenolol or sotalol administered orally can 

seizures (Kellum and Stepien 2006). 

then be initiated. If there is no response to 

i)  Cats  with  complete  AVB  can  have  good  long- 

esmolol,  low- dose  lidocaine  could  be 

term  prognosis  with  median  survival  over  a 

considered. 

year, though may be at risk for development of 

2)  It is recommended that the cat is admitted 

CHF,  recurrent  syncope,  or  sudden  cardiac 

for constant rate infusion (CRI) and contin-

death  (Kellum  and  Stepien  2006;  Stamoulis 

uous ECG monitoring. 

et al. 1992). 

b)  Cats  presenting  with  atrial  fibrillation  and  rapid 

ii)  Treatment could be attempted with terbutaline 

ventricular response rate should also be treated. 

or theophylline, but efficacy of such treatments 

i)  If the cat is presenting for clinical signs  associated 

is unclear. 

with the arrhythmia, diltiazem administered as 

iii)  If the cat is experiencing frequent syncopal epi-

an injection and hospitalization for continuous 

sodes  and  quality  of  life  is  poor,  permanent 

ECG monitoring are recommended. 

pacemaker  placement  could  be  considered 

ii)  If  found  incidentally  and  the  cat  is  asympto-

(Stamoulis et al. 1992). 

matic,  it  is  reasonable  to  initiate  chronic  oral 

1)  An  example  of  complete  AV  block  is  pre-

therapy with diltiazem on an outpatient basis. 

sented in Figure 14.6. 

150  Approach to Diagnosis and Treatment of Feline Cardiac Emergencies 14.4   Summary

focused cardiac ultrasound are exciting new developments 

which can allow rapid triage and intervention for dyspneic 

The information presented in this chapter highlights diag-

cats. There is a scarcity of information on best treatment 

nostic and treatment strategies for the most common feline 

strategies for feline ATE, but orally administered anti- Xa 

cardiac emergencies. Point- of- care plasma biomarkers and 

drugs might be a promising research avenue. 
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Management of Specific Cardiac Diseases

 Mark A. Oyama

UNIQUE FEATURES



● The presence of a heart murmur is not a reliable sign of significant cardiac disease, and differentiation of cardiac versus noncardiac causes of emergent signs, such as respiratory distress, on the basis of cardiac auscultation can be challenging. 



● Focused cardiac ultrasound can aid in the detection and management of critical cats with heart disease. 



● Almost all forms of cardiomyopathy in cats result in diastolic heart failure. 



● The mainstay of medical therapy in cats with heart failure is alleviation of congestion using diuretics and angiotensin converting enzyme (ACE) inhibitors, prevention of thromboembolism using clopidogrel, and heart rate and arrhythmia control using beta-blockers or calcium- channel blockers. 

A)  General approach to feline heart disease

appearance.  The  most  common  diseases 

a)  The diagnosis and treatment of feline heart disease 

include hypertrophic and restrictive cardiomy-

are challenging. The clinical signs associated with 

opathy. Other less common conditions include 

heart  disease  are  often  vague  and  nonspecific. 

dilated  and  unclassified  cardiomyopathy 

In  all  but  the  most  advanced  cases,  detection  of 

(UCM),  endomyocardial  fibroelastosis  (EMF), 

cardiomegaly using thoracic radiography is insensi-

arrhythmogenic right ventricular cardiomyopa-

tive, and echocardiography is typically required for 

thy,  and  excessive  left  ventricular  moderator 

definitive diagnosis. Treatment paradigms for dias-

band  cardiomyopathy.  Cardiomyopathic  dis-

tolic heart failure are mostly unproven with respect 

ease is typically progressive and leads to clinical 

to  increased  survival.  The  fragile  clinical  state  of 

signs  such  as  heart  failure,  fainting,  sudden 

cats with severe congestive heart failure can hinder 

death,  or  thromboembolism.  In  the  large 

diagnostic and therapeutic efforts. 

majority of cases of primary disease, treatment 

b)  The emergent setting, focused cardiac ultrasound, 

is palliative. 

or thoracic focused assessment with sonography for 

ii)  Secondary diseases refer to those with a proven 

trauma  (TFAST)  to  examine  left  ventricular  wall 

or strongly suspected etiology such as taurine 

thickness and contractility, left atrial size, and for 

deficiency,  thyrotoxicosis,  systemic  hyperten-

the presence of pleural or pericardial effusion help 

sion, toxin (doxorubicin), and infiltrative (neo-

identify  moderate  to  severe  cardiomyopathy  and 

plasia).  Cases  of  secondary  heart  disease  are 

differentiate  cardiac  versus  noncardiac  causes  of 

often relatively mild and may not be associated 

respiratory distress. 

with cardiac clinical signs. In some cases (i.e., 

c)  Feline heart diseases can be classified as either pri-

taurine deficiency, thyrotoxicosis, etc.), cardiac 

mary or secondary. 

pathology is reversible if the underlying cause 

i)  Primary diseases refer to those that occur in the 

is successfully managed. 

absence of an identifiable etiology and are typi-

iii)  A  recently  described  form  of  cardiomyopathy 

cally  categorized  based  on  their  morphologic 

primarily involving young cats is associated with 
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are  often  performed  to  screen  for  concurrent 

(HCM)- like phenotype. Most cats are reported to 

disease in geriatric patients or prior to pharma-

have had a recent potentially stressful anteced-

cologic intervention with agents such as diuret-

ent  event  (e.g.,  anesthesia,  trauma,  infectious 

ics or ACE inhibitors. 

disease, etc.). Unlike cats with HCM, prognosis 

ii)  Cardiac  troponin  and  N- terminal  pro- B- type 

of cats with transient myocardial thickening can 

natriuretic  peptide  (NT- proBNP)  concentra-

be good, with return of normal cardiac structure 

tions are commonly increased in cats with pri-

and function in the months following the initial 

mary and secondary cardiac disease. 

episode of congestive heart failure. 

1)  Most cats with heart disease including those 

1)  Because most forms of feline heart disease 

without  symptoms  have  plasma  cardiac 

primarily  involve  diastolic  dysfunction, 

troponin- I  values  >0.16 mg/ml.  Most  cats 

treatment of both restrictive and hypertro-

with  cardiac  causes  of  respiratory  distress 

phy cardiomyopathy is similar and aimed at 

have  plasma  cardiac  troponin- I  values 

relieving signs of congestion, increasing the 

>0.23 ng/ml. 

diastolic  filling  period  and  improving  ven-

2)  Most cats with heart disease including those 

tricular relaxation. 

without  symptoms  have  NT- proBNP 

2)  In cases of systolic dysfunction (i.e., dilated 

>100 pmol/l or positive point- of- care lateral 

cardiomyopathy  [DCM]),  treatment  is 

flow  enzyme- linked  immunosorbent  assay 

aimed at relieving signs of congestion and 

(ELISA) test. In cats experiencing emergent 

improving contractility. 

respiratory  signs,  most  cats  with  cardiac 

B)  Clinical examination of patients with heart disease

causes  (i.e.,  congestive  heart  failure)  will 

a)  Common  presenting  complaints  include  the 

have NT- proBNP >270 pmol/l. 

following:

iii)  Skeletal  muscle  enzymes  (e.g.,  creatine  phos-

i)  Tachypnea,  dyspnea,  inappetence,  lethargy, 

phokinase (CPK)) may be increased in cases of 

fainting, posterior paralysis, or paresis. 

systemic thromboembolism. 

ii)  Coughing,  which  is  a  common  sign  in  dogs 

iv)  Plasma  or  whole- blood  taurine  concentration 

with congestive heart failure, is rare in cats. 

should be determined in cats with poor systolic 

iii)  Many patients with heart disease are asympto-

function (i.e., dilated cardiomyopathy). 

matic  until  late  in  the  course  of  disease 

v)  Fluid  analysis  of  thoracic  or  abdominal  effu-

development. 

sion  is  commonly  performed  to  screen  for 

b)  Physical examination findings

potential noncardiac etiologies (i.e., neoplasia, 

i)  Cardiac auscultation

feline infectious peritonitis [FIP], etc.). 

1)  Systolic  heart  murmur,  usually  no  louder 

d)  Electrocardiography

than  grades  II–III,  heard  along  the  ster-

i)  In the emergency setting, electrocardiography 

nal border. 

(ECG) adds little to the diagnosis of a specific 

2)  Murmurs may be accentuated during peri-

form of heart disease. 

ods of tachycardia. 

ii)  Occasionally, atrial or ventricular premature beats 

3)  Diastolic  gallop  sound  (typically  due  to  a 

or criteria for left heart enlargement (i.e., wide P 

fourth heart sound). 

waves, tall R waves in lead II, etc.) are identified. 

4)  Arrhythmia. 

iii)  Atrial  fibrillation  may  be  present  in  patients 

ii)  Pulmonary auscultation

with severe disease. 

1)  Increased bronchovesicular sounds. 

iv)  Sustained  episodes  (>30 seconds  in  duration) 

2)  Muffled  lung  and  heart  sounds  (typical  in 

of ventricular tachycardia are uncommon. 

cases of pleural effusion). 

e)  Thoracic radiography

iii)  Jugular venous distension or pulses. 

i)  Assess  cardiac  size  and  shape,  pulmonary 

iv)  Weak, irregular, or absent femoral pulses. 

parenchyma, pulmonary vessels, and the tho-

v)  Signs  of  systemic  thromboembolism  (i.e., 

racic space. 

paresis). 

1)  In cases of mild to moderate disease, tho-

c)  Clinical pathology

racic  radiographs  are  relatively  insensitive 

i)  In  most  cases,  routine  serum  biochemistry, 

and echocardiography may be required. 

complete blood count (CBC), and urinalysis do 

2)  The dorsoventral projection is the preferred 

not assist in the clinical diagnosis. These tests 

view to assess left atrial size and shape. 
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a

b

Figure 15.1  Lateral chest radiographs from two cats with hypertrophic cardiomyopathy demonstrating (a) pleural effusion. Note the compression and rounding of the lung lobes in the dorsocaudal chest and loss of cardiac silhouette. This radiographic finding should initiate prompt pleurocentesis. (b) Pulmonary edema; note the hazy pulmonary pattern in the lung fields, enlarged pulmonary vessels, and enlarged cardiac silhouette. The large amount of air in the stomach is due to aerophagia secondary to severe respiratory distress. 

ii)  Left- sided heart failure in the cat can result in 

also  with  systolic  anterior  motion  of  the 

pleural  effusion,  pulmonary  edema,  or  both 

mitral  valve  that  creates  a  left  ventricular 

(Figure 15.1). 

outflow tract obstruction. 

1)  In cases of severe pleural effusion, assess-

3)  Restrictive cardiomyopathy (RCM): left and 

ment of heart size and shape is difficult, and 

right atrial enlargement, endocardial hyper-

if  present,  therapeutic  thoracocentesis 

echogenicity, occasionally bridging ventric-

should be performed prior to radiography. 

ular  to  septal  bands  of  tissue,  normal  to 

2)  Distribution of pulmonary edema in cats is 

mild  degrees  of  ventricular  hypertrophy, 

often  multifocal  and  patchy  and  does  not 

normal  to  mildly  decreased  systolic  func-

typically accumulate around the pulmonary 

tion, restrictive mitral inflow Doppler pat-

hilum or in the caudodorsal lung fields as it 

tern, etc. 

does in the dog. 

4)  UCM: displays various features of multiple 

iii)  Cats  with  a  fragile  clinical  presentation  may 

forms  of  cardiomyopathy  and  used  to 

not tolerate restraint for radiography, and the 

describe  cats  whose  cardiac  morphology 

clinician should first attempt to stabilize these 

does not fit into any of the abovementioned 

patients (see “III. Treatment of life- threatening 

categories. 

heart failure” in the following text). 

5)  EMF:  widespread  thickening  and  hypere-

f)  Echocardiography

chogenicity  of  the  endocardial  surface. 

i)  Useful in assessing cardiac structure and func-

Rare.  Seen  mainly  in  young  Burmese  or 

tion  and  achieving  a  morphologic  diagnosis. 

Siamese cats. 

The  echocardiographic  examination  typically 

6)  Arrhythmogenic  right  ventricular  cardio-

concentrates on left ventricular and interventricu-

myopathy:  severe  right  atrial  and  right 

lar  wall  thickness,  function,  echogenicity,  left 

ventricular dilation, right ventricular aneu-

atrial size, mitral valve motion and regurgitation, 

rysmal  dilations  and  dyskinesis,  tricuspid 

and presence of dynamic left ventricular outflow 

regurgitation. Rare. Often misdiagnosed as 

tract obstruction (Figure 15.2). 

congenital tricuspid valve dysplasia. 

ii)  The typical echocardiographic features of the 

7)  Transient  myocardial  thickening:  symmet-

most common forms of feline cardiomyopathy 

ric  mild  to  moderate  left  ventricular  con-

are as follows. The author notes that disagree-

centric hypertrophy, and variable degrees of 

ment  exists  regarding  the  lack  of  established 

left  atrial  enlargement.  Seen  mainly  in 

diagnostic criteria for UCM. 

young cats following a stressful event such 

1)  HCM: symmetric or asymmetric idiopathic 

as anesthesia or trauma. Rare. Myocardial 

left ventricular concentric hypertrophy, left 

thickening  often  improves  spontaneously 

atrial  enlargement,  hyperechoic  endocar-

with supportive care in the 2–3 months fol-

dium, and/or papillary muscles. 

lowing the antecedent event. Lifelong diu-

2)  Hypertrophic  obstructive  cardiomyopathy 

retics  and  other  cardiac  drugs  likely 

(HOCM):  similar  features  as  in  HCM,  but 

not needed. 
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a

b

c

d

Figure 15.2  Echocardiographic images from cats with cardiomyopathy. (a) Right parasternal long- axis view of a cat with hypertrophic cardiomyopathy. Note the thickening of the ventricular walls and hyperechoic endocardial regions. (b) Right parasternal long- axis view of a cat with systolic anterior motion of the mitral valve (arrow). The mitral valve has moved toward the interventricular septum, narrowing the lumen of the outflow tract. A hyperechoic region of the interventricular septum, likely due to repeated contact with the valve, is noted directly opposite the valve leaflet. Note the left atrial enlargement and thickening of the ventricular walls. (c) Right parasternal long- axis view of a cat with restrictive cardiomyopathy. Note the enlarged right and left atria and relatively normal- appearing left ventricular wall thickness and chamber diameter. (d) Right parasternal long- axis view of a cat with restrictive cardiomyopathy, severe left atrial enlargement, and spontaneous contrast within the atrial chamber. This finding is thought to represent a high risk for development of systemic thromboembolism. 

iii)  Cats  with  a  fragile  clinical  presentation  may 

2)  Response  to  diuretic  therapy  is  monitored 

not tolerate restraint for echocardiography and 

using   respiratory  rate  and  effort.  Diuretic 

the  clinician  should  first  attempt  to  stabilize 

dose  is  sharply  decreased  once  respiratory 

these  patients  (see  “III.  Treatment  of  life- 

rate begins to decrease or is approximately 

threatening heart failure” in the following text). 

40  breaths/minute  (see  “IV.  Treatment  of 

g)  Focused cardiac ultrasound or TFAST

chronic heart failure” in the following text). 

i)  Useful in identifying a specific set of morpho-

3)  Overzealous  diuretic  therapy  can  precipi-

logical characteristics or findings, such as left 

tate or aggravate renal insufficiency. Thus, 

ventricular wall thickness and contractility, left 

free- choice water is typically offered during 

atrial size, and presence or absence of pleural 

acute  treatment  and  the  patient  is  moni-

or pericardial effusion. 

tored to ensure that urine is being produced. 

ii)  Useful in detection of moderate to severe under-

4)  Mild  increases  in  serum  blood  urea  nitro-

lying cardiomyopathy in asymptomatic cats. 

gen (BUN; <60 mg/dl), creatinine (<2.5 mg/

iii)  Useful  in  helping  differentiate  cardiac  versus 

dl),  and  total  solids  are  indications  that 

noncardiac  causes  of  respiratory  distress  in 

effective diuresis is occurring. 

emergent cats. 

–  Supplemental  parenteral  fluids  are  not 

C)   Treatment of life- threatening heart failure (Table 15.1)

indicated unless cats demonstrate signs of 

a)  Regardless of etiology of the underlying cardiomy-

low- output  failure  (i.e.,  hypotension),  are 

opathy, emergency treatment consists of an appro-

severely  dehydrated,  cease  taking  in  oral 

priate  combination  of  diuretics,  pleurocentesis, 

fluids, or are at high risk for acute renal fail-

and supplemental oxygen (Figure 15.3). 

ure due to preexisting renal insufficiency. 

i)  Diuretics

ii)  Pleurocentesis

1)  Furosemide (1–2 mg/kg q1–2h IV, IM, SC as 

1)  Most cats will tolerate pleurocentesis with-

needed to alleviate respiratory distress). 

out chemical restraint. 

Table 15.1  Commonly used drugs and doses in cats with heart failure. 

Drugs

Indications

Mechanisms of action

Adverse effects

Dosages

ACE inhibitors

All forms of cardiomyopathy

Antagonize renin–angiotensin–

Azotemia, hypotension

PO: enalapril, 0.5 mg/kg q12–24h; PO: 

aldosterone axis

benazepril, 0.25–0.5 mg/kg q24h

Atenolol

HCM, HOCM, RCM, UCM

Beta- blocker

Bradycardia, hypotension

PO: 6.25–12.5 mg/cat q12–24h

Digoxin

DCM, ± RCM

Positive inotrope

Gastrointestinal (GI) upset, 

PO: 0.008–0.01 mg/kg q48h

arrhythmias

Diltiazem

HCM, HOCM, RCM, UCM

Ca- channel blocker

Bradycardia, hypotension, GI 

PO: Cardizem CD, 10 mg/kg q24h; PO: 

upset, inappetence

Dilacor XR, 30–60 mg/cat q12h; PO: 

diltiazem, 0.5–1.5 mg/kg q8h

Dobutamine

DCM

Sympathomimetic

Tachycardia, seizures

CRI: 2–10 μg/kg/min

Dopamine

DCM

Sympathomimetic

Tachycardia, vasoconstriction

CRI: 2–5 μg/kg/min

Esmolol

Ventricular or 

Beta- blocker

Bradycardia

IV: 250–500 μg/kg slow bolus, 

supraventricular tachycardia

50–200 μg/kg/min CRI

Furosemide

CHF

Loop diuretic; for treatment of life- 

Dehydration, hypokalemia

IV/IM/SC: 1–2 mg/kg q1–2h; PO/SC: 

threatening heart failure, for treatment 

6.25–12.5 mg/cat q12–24h

of chronic heart failure

Hydrochlorothiazide

Refractory CHF

Distal tubule diuretic

Azotemia, hypokalemia

PO: 1–2 mg/kg q12–24h

Spironolactone

Refractory CHF

Distal tubule diuretic/potassium- sparing  Azotemia, potassium imbalance PO: 2 mg/kg q24h; can cause skin 

diuretic

lesions in Maine Coon cats

Lidocaine

Ventricular arrhythmias

Na- channel blocker

Hypotension, seizures

IV: 0.25–0.75 mg/cat slow bolus

Propranolol

HCM, HOCM, RCM, UCM

Beta- blocker

Bradycardia, hypotension, 

PO: 5–10 mg/cat q8–12h

aggravation of asthma or 

diabetes mellitus

Pimobendan

DCM, RCM is systolic 

Positive inotrope

Arrhythmias

PO: 0.25 mg/kg q12h; not for routine in 

dysfunction

use in HCM, HOCM, UCM, or RCM

Note: HCM = hypertrophic cardiomyopathy; HOCM = hypertrophic obstructive cardiomyopathy; RCM = restrictive cardiomyopathy; UCM = unclassified cardiomyopathy; DCM = dilated cardiomyopathy; CHF = congestive heart failure. 
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Physical examination, 

+/– TFAST/focused

cardiac ultrasound

+/– radiographs, 

+/– echocardiogram

w/ minimal stress

Yes

Pleural

effusion? 

Pleurocentesis

No

Yes (i.e., DCM, 

certain cats with

Maximize doses and drugs, 

RCM or UCM)

Systolic

switch to furosemide SC or

dysfunction with

torsemide

hypotension, 

Dobutamine or

poor

dopamine

perfusion? 

Refractory

heart failure

No

Clopidogrel

No

Furosemide (1-2 mg/kg IV), 

(aspirin?)

oxygen

1-2 hrs

Severe left

Yes

atial enlargement

or spontaneous

contrast? 

Yes

Respiratory

distress? 

No

Atenolol or long-

acting diltiazem? 

Furosemide*

(6.25-12.5 mg/cat

3-5 days

HCM/HOCM

q12-24hrs)

(RCM, UCM?)

DCM

Pimobendan? 

Renal panel

ACE-inhibitor? 

Etiology

Spironolactone? 

Figure 15.3  Treatment algorithm for treatment of heart failure in cats. Treatments for chronic heart failure other than furosemide are of unknown and unproven benefit. See text for further details and discussion. 
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2)  The author prefers use of a 21- gauge butterfly 

–  Calcium- channel 

blockers 

(see 

catheter. 

“IV. Treatment of chronic heart failure” 

3)  Typically, aspiration occurs over the seventh 

in the following text). 

to ninth intercostal space. 

–  Digoxin  is  not  commonly  used  due  to 

4)  Pleurocentesis  is  an   essential  aspect  of 

high risk for toxicity. 

treatment  in  cats  with  effusions.  Diuretic 

D)   Treatment of chronic heart failure

therapy alone is ineffective at significantly 

a)  Goals of treatment include alleviation of respira-

alleviating respiratory distress due to large 

tory  signs  (i.e.,  congestive  failure),  prevention  of 

accumulations of pleural effusion. 

syncope, sudden death, and systemic thromboem-

iii)  Supplemental oxygen

bolism, and alleviation of left ventricular outflow 

1)  Housing  in  an  oxygen  cage  at  40%  O2  or 

tract obstruction caused by systolic anterior motion 

greater. 

of the mitral valve. Because heart failure in cats is 

iv)  Topical nitroglycerin paste (¼–½ inch topically 

not typically associated with systolic dysfunction, 

on the inner pinna of the ear q6h) is occasion-

positive inotropes such as pimobendan are rarely 

ally administered, but is of dubious efficacy. 

used and routine administration to cats with heart 

v)  Cats with systolic dysfunction (i.e., DCM, and 

failure is not recommended (see Figure 15.3). 

some cases of UCM or RCM) with hypotension 

b)  Beyond  diuretic  therapy,  the  ideal  treatment  of 

or evidence of poor forwards output and poor 

feline  cardiomyopathy  has  not  been  established. 

perfusion might benefit from intravenous ino-

A  combination  of  diuretics,  beta- blockers  or 

tropic support. 

calcium- channel  blockers,  and  ACE  inhibitors  is 

1)  Dobutamine  (2–10  mcg/kg min  constant 

typically used. 

rate  infusion  [CRI])  is  the  preferred  drug, 

c)  Diuretics

seizures may occur. 

i)  Furosemide (6.25 mg/cat PO q12–24h) is typi-

2)  Dopamine (2–5 mg/kg/min CRI), excessive 

cally administered. The dose is tailored to the 

tachycardia may occur. 

lowest  dose  required  to  control  congestive 

3)  Excessive tachycardia in cats with diastolic 

signs. Thus, some cats can be maintained on 

disease  further  impairs  diastolic  function 

6.26–12.5 mg/cat  PO  every  other  day,  while 

and filling and should be avoided. 

others will require 12.5 mg/cat q12–24h. 

b)  Confounding factors affecting emergency treatment

ii)  Periodic  evaluation  of  hydration  and  renal 

i)  Systemic thromboembolism (see section in the 

function  is  recommended  while  receiving 

following text). 

diuretics. 

ii)  Arrhythmias

d)  Beta- blockers

1)  Ventricular  premature  beats  are  relatively 

i)  Primarily used in cats with HCM and HOCM 

common, but often resolve once congestive 

and  occasionally  used  in  RCM,  UCM,  and 

heart  failure  is  treated.  Ventricular  tachy-

EMF  if  cats  are  tachycardic.  Atenolol 

cardia is relatively uncommon. Standardized 

(6.25–12.5 mg/cat PO q12–24h) or rarely pro-

treatment recommendations are not availa-

pranolol  (5–10 mg/cat  PO  q8–12h)  is  used  to 

ble (see Chapter 17— Management of Life- 

slow heart rate, improve diastolic filling, and 

Threatening Arrhythmias). 

suppress ventricular arrhythmias. 

–  Beta- blockers

ii)  Despite widespread use of beta- blockers, par-



●

Atenolol 6.25 mg PO q12–24h. 

ticularly in cats with concurrent left ventricu-



●

Esmolol 250–500 μg/kg slow IV bolus, 

lar  outflow  tract  obstruction  (i.e.,  HOCM), 

50–200 μg/kg/min CRI. 

long- term benefit is unproven. 

–  Lidocaine  (0.25–0.75 mg/cat  slow  IV 

iii)  Due  to  risk  of  bradycardia  and  hypotension, 

bolus) may cause seizures. 

combination  therapy  with  beta- blockers  and 

2)  Atrial fibrillation is infrequently detected in 

calcium- channel  blockers  is  not  recom-

cases  with  severe  atrial  enlargement,  and 

mended.  The  superiority  of  either  treatment 

treatment  to  slow  the  ventricular  rate  is 

has  not  been  rigorously  established.  Often, 

considered. 

beta- blockers  are  chosen  for  cats  with  the 

–  Beta- blockers  (see  “IV.  Treatment  of 

obstructive  form  of  HCM,  while  calcium- 

chronic  heart  failure”  in  the  follow-

channel  blockers  are  chosen  in  cats  without 

ing text). 

obstruction or in cats with restrictive/UCM. 

160  Management of Specific Cardiac Diseases e)  Calcium- channel blockers

reserved for cats with systolic dysfunction. The 

i)  Primarily used in cats with HCM and HOCM 

author  recommends  against  routinely  using 

and occasionally used in cats with RCM, UCM, 

pimobendan in cats with HCM or HOCM, as 

and  EMF.  Despite  use  long- term  benefit  is 

clinical evidence of benefit is lacking. 

unproven. 

k)  Spironolactone (2 mg/kg q24h)

ii)  Slow heart rate, improve diastolic filling, and 

i)  Weak diuretic and aldosterone antagonist. 

theoretically  improve  diastolic  relaxation. 

ii)  Long- term benefit unproven. Can cause der-

Long- acting  formulations  provide  the  advan-

mal ulceration in Maine Coon cats. 

tage of longer dosing intervals. 

E)  Monitoring patients with chronic heart failure

1)  Cardizem CD (10 mg/kg PO q24h). 

a)  Owners are instructed to monitor patient appetite, 

2)  Dilacor XR (30–60 mg/cat PO q12h). 

activity level, respiratory effort, and rate. 

iii)  Avoid concurrent use with beta- blockers (see 

b)  Adequate beta- adrenergic blockade is presumed if 

in the earlier text). 

heart  rate  remains  <150 bpm  during  in- hospital 

f)  ACE inhibitors

examination. 

i)  The  author  uses  ACE  inhibitors  in  cats  with 

c)  Periodic evaluation of BUN, creatinine, and serum 

any form of cardiomyopathy if they are concur-

electrolytes is performed. 

rently receiving diuretic therapy; however, the 

d)  Effective  resolution  of  left  ventricular  outflow 

effect on morbidity and mortality is unproven. 

tract  obstruction  is  accompanied  by  disappear-

ii)  Reduce  activation  of  the  renin–angiotensin–

ance or reduction of heart murmur and resolution 

aldosterone axis, and theoretically ameliorate 

of systolic anterior motion of the mitral valve on 

pathologic  ventricular  and  coronary  arterial 

echocardiographic  examination.  In  some  cases, 

remodeling  and  improve  diastolic  dysfunc-

this may be accompanied by partial or complete 

tion. ACE inhibitors with high tissue penetra-

regression  of  left  ventricular  hypertrophy,  and 

tion, such as benazepril, may be particularly 

prognosis is favorable. 

advantageous. 

F)  Treatment of refractory or advanced heart failure

1)  Enalapril (0.5 mg/kg PO q12–24h). 

a)  In  patients  presenting  with  continued  signs  of 

2)  Benazepril (0.25–0.5 mg/kg q24h). 

congestive failure despite therapy, additional med-

iii)  Despite their vasodilatory capacity, ACE inhib-

ications are required. 

itors do not significantly aggravate preexisting 

b)  Treatment  strategies  include  increasing  doses  of 

left  ventricular  outflow  tract  obstruction  in 

existing therapy, prescribing additional classes of 

cats with HOCM. 

diuretics, altering route of furosemide administra-

g)  Digoxin

tion,  and  addition  of  digoxin  in  cases  of  right- 

i)  Rarely  used  and  restricted  to  cats  with  evi-

sided failure. 

dence  of  systolic  dysfunction  (i.e.,  DCM)  or 

i)  Furosemide therapy is maximized. 

atrial fibrillation. 

ii)  ACE  inhibitor  and  spironolactone  therapy 

ii)  Risk of toxicity is relatively high, and stringent 

considered. 

monitoring of patient’s serum levels, appetite, 

iii)  Hydrochlorothiazide  (1–2 mg/kg  q12–24h)  is 

and attitude is required. 

added  to  enhance  diuresis.  Alternatively,  a 

iii)  Digoxin (0.008–0.01 mg/kg q48h). 

combination  of  hydrochlorothiazide  and 

h)  Taurine

spironolactone  can  be  used  (Aldactazide, 

i)  Supplementation  (250–500 mg/cat  q12h)  is 

2.2 mg/kg q24h). 

recommended  in  all  cats  with  systolic  dys-

iv)  Route  of  administration  of  furosemide  is 

function. Ideally, plasma or whole- blood tau-

changed from PO to SC. This strategy often 

rine  levels  should  be  determined  prior  to 

permits a slight decrease in the dose, as bio-

supplementation. 

availability is improved. 

i)  Antithrombotic  therapy  (see  in  the  following 

v)  Furosemide therapy is replaced with the more 

text). 

potent  loop  diuretic  torasemide  (torsemide); 

j)  Pimobendan (0.25 mg/kg q12h)

safest  and  most  efficacious  dose  unknown; 

i)  Positive inotrope and vasodilator. 

often dosed at 1/10th to 1/20th of the previous 

ii)  Safety and efficacy in cats with all forms of car-

daily  furosemide  dose;  consultation  with  a 

diomyopathy  are  unproven  and  should  be 

specialist when starting is advised. 

[image: Image 62]
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G)  Treatment 

and 

prevention 

of 

systemic 

throm boembolism

a)  Systemic thromboembolism (STE) is a devastat-

ing complication of feline cardiomyopathy due to 

its  acute  onset,  poor  treatment  options,  high 

recurrence rate, and associated morbidity to the 

patient. 

b)  Etiology  is  likely  a  combination  of  blood  stasis, 

local  endothelial  or  endomyocardial  injury,  and 

hypercoagulability. The most common site of STE 

is the distal aorta (saddle thromboembolism). 

i)  Echocardiographic  evidences  of  severe  left 

atrial  enlargement  or  spontaneous  contrast 

(“smoke”) within the left atrium are considered 

risk factors for thrombus development. 

c)  Treatment of STE involves (i) promoting collateral 

circulation, (ii) thrombolytic therapy, (iii) antico-

agulation,  (iv)  alleviating  patient  pain  and  dis-

tress, (v) preventing recurrence, and (vi) treatment 

of concomitant congestive heart failure. All aspects 

Figure 15.4  Medial surface of the right pelvic limb of a cat of  treatment  are  challenging  and  prognosis  is 

3 weeks after experiencing a saddle thrombus. Note the moist 

dermatitis and necrosis of superficial tissues indicating loss of 

extremely guarded. 

viability and poor collateral circulation. Prognosis for limb 

i)  Clinical  signs  of  grave  prognosis  include  evi-

salvage is grave, and eventual amputation is likely required 

dence  of  multiple  sites  of  STE  (i.e.,  renal  or 

should the owner choose to continue treatment. 

mesenteric  arteries),  progressive  loss  of  limb 

function/viability, coexisting refractory conges-

tive heart failure or arrhythmias, hyperkalemia 

due  to  reperfusion  injury,  identification  of 

i)  Diuretics are used judiciously to avoid excessive 

intracardiac thrombus, severe hypothermia or 

dehydration,  vasoconstriction,  and  compro-

cardiac shock, and owners who are unwilling to 

mise of collateral circulation. 

provide  intensive  and  often  frustrating  long- 

g)  Supportive care

term home care. 

i)  Aggressive pain control is achieved during the 

d)  Approximately 50% of cats with STE are eutha-

initial episode using an appropriate combina-

nized, 25% succumb during initial treatment in 

tion  of  aspirin,  morphine  (0.05–0.1 mg/kg 

the hospital, and 25% are eventually discharged. 

administered  epidurally),  oxymorphone 

Of  the  cats  that  leave  the  hospital,  it  is  the 

(0.05–0.15 mg/kg IM or IV q6h), and butorph-

author’s experience that many are soon eutha-

anol (0.02–0.4 mg/kg IM or SC q4h). 

nized once owners attempt to provide extended 

ii)  Promotion of collateral circulation is achieved 

home  care.  Other  cats  may  recover  enough 

by  acepromazine  (0.05–0.1 mg/kg  IV),  judi-

function  within  several  days  to  weeks  to  ade-

cious  fluid  therapy,  and  maintenance  of 

quately  ambulate  and  maintain  an  acceptable 

proper body temperature. 

quality of life. Sloughing and necrosis of affected 

iii)  Nutritional  support  through  a  nasoesopha-

tissues  can  occur,  and  in  these  cases,  amputa-

geal feeding tube. 

tion is the only remedy (Figure 15.4). Recurrence 

iv)  Prevention  of  self- mutilation  using  loose- 


of thromboembolism or congestive heart failure 

fitting bandage material or an e- collar. 

is likely. 

v)  Access to litter box, food, and water. 

e)  Specific therapy: see Chapter 16— Management of 

vi)  Physical therapy of the affected legs (i.e., mas-

Thromboembolic  Disease  Secondary  to  Heart 

sage  or  range  of  motion)  is  of  questionable 

Disease. 

value and may precipitate patient discomfort 

f)  Treatment of concurrent congestive heart failure

or stress. 
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16

Management of Thromboembolic Disease Secondary to Heart Disease

 Benjamin Brainard and Amy Alwood

A) Arterial thromboembolism is an acute and potentially 

(especially  the  gastrocnemius  muscle),  and  even 

catastrophic syndrome that most commonly occurs in 

gentle palpation may elicit a pain response. 

association with heart disease in cats (i.e., cardiogenic 

e)  The digital pads of the affected limbs may be found 

arterial  thromboembolism;  CATE).  Other  diseases 

pale or cyanotic; however, this is not always readily 

associated  with  arterial  thromboembolism  include 

appreciated  (collateral  circulation  preserves  some 

hyperthyroidism, neoplasia, and less commonly, sepsis 

flow to the affected limb even though the dominant 

or trauma. This chapter will focus on the approach to 

supply may be occluded). 

CATE, although the initial approach to arterial throm-

D) Triage/initial assessment

boembolism is similar independent of the underlying 

a)  Observation

cause or risk factors. 

i)  Cats  with  arterial  thromboembolism  are  dis-

B)  The most common anatomical site for CATE is the aor-

tressed independent of true dyspnea. They are 

tic  trifurcation  supplying  the  pelvic  limbs.  Partial  or 

typically painful.  Brief  observation from a  dis-

complete  obstruction  of  flow  in  one  or  both  femoral 

tance while providing oxygen via an oxygen cage 

arteries leads to clinical signs of acute paresis of one or 

or  flow- by  oxygen  can  allow  for  initial  assess-

both hind limbs (see in the following text). Other sites 

ment without adding to patient stress. 

that  may  be  affected  either  alternatively  or  concur-

b)  Thoracic auscultation

rently include

i)  Thoracic auscultation can be performed quickly 

a)  Left forelimb (brachial artery). 

and safely in most patients. 

b)  Right forelimb (brachial artery). 

ii)  Initial  auscultation  should  first  include  all 

c)  Mesenteric and/or renal arteries. 

regions  of  the  thorax  to  detect  any  pulmonary 

d)  Cerebral arteries. 

crackles  (suggesting  pulmonary  edema)  or 

C)  Clinical signs

regions of diminished or dull lung sounds (sug-

a)  Acute  or  peracute  paresis  of  the  affected  limb(s), 

gesting possible pleural effusion). 

often  severe  enough  to  prevent  walking.  Patients 

iii)  Auscultation of the heart should assess rate and 

often present dragging both hind limbs. A common 

evaluate for the presence of a murmur or gallop. 

presenting complaint may include an owner suspi-

d)  Peripheral circulation

cious  of  a  traumatic  injury  involving  the  spine 

i)  Similar  parameters  should  be  assessed  as  with 

or pelvis. 

any  routine  triage:  mucous  membrane  color, 

b)  Tachypnea (which may represent pain or true res-

capillary refill time, and pulse quality, as well as 

piratory compromise secondary to congestive heart 

a comparative assessment of temperature of the 

failure (CHF)). 

distal limbs. Some clinicians have used thermal 

c)  Open- mouth breathing is fairly common in affected 

imaging cameras to quantify the limb tempera-

cats,  but  these  patients  can  again  represent  either 

ture difference in cats with CATE. 

pain, behavioral distress, or true dyspnea. 

ii)  Careful  palpation  of  femoral  pulses  in  both 

d)  Palpation of the affected limb(s) often reveals a cool 

limbs as well as assessment of the distal pulses in 

extremity  with  absent  or  weak  pulses.  Ischemic 

al  limbs are important for diagnosis of arterial 

myopathy  may  result  in  excessively  firm  muscles 

thromboembolism. 
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164  Management of Thromboembolic Disease Secondary to Heart Disease iii)  Observation  of  distal  limbs  should  include 

b)  Early  use  of  analgesic  therapy  is  encouraged.  For 

assessment  of  the  color  of  the  digital  pads— 

specific  recommendations  and  dosing,  refer  to  the 

pale/gray discoloration may be noted in the pads 

section  in  the  following  text  on  comprehensive 

of affected limbs. 

treatment. 

iv)  If definitive confirmation of CATE is uncertain 

c)  Diuretic  therapy:  an  initial  dose  of  1–2 mg/kg 

after  routine  physical  examination,  paired/

(administered  IV  or  IM)  furosemide  should  be 

comparative  measurement  of  noninvasive 

administered  to  cats  with  evidence  of  congestive 

blood pressure of a forelimb and hind limb can 

heart failure (e.g., respiratory distress with increased 

be performed (i.e., in a patient with a thrombus 

lung sounds or pulmonary crackles). 

of the iliac artery, the BP would be expected to 

F)  Secondary assessment and comprehensive diagnostics

be  obtained  with  relative  ease  in  the  forelimb 

a)  The secondary survey occurs after assessment and 

and should be greater than that obtained in the 

stabilization of the immediate and life- threatening 

hind limb. In many cases of distal iliac thrombo-

conditions. 

embolism,  a  blood  pressure  (or  even  pulsatile 

b)  Full physical assessment/examination with particu-

sounds with the Doppler ultrasonographic flow 

lar note of the following:

probe) is not detectable in the affected limb[s]). 

i)  Thoracic auscultation. 

Similarly,  paired  venous  lactate  measurements 

ii)  Pulse quality. 

are sometimes evaluated. The blood lactate in a 

iii)  Careful assessment of the hind limbs for any mus-

limb distal to a thromboembolism is expected 

cle rigidity or contraction. Also note forelimb(s) 

to  be  higher  than  that  in  an  unaffected  limb. 

for any postural changes/paresis. 

Similarly,  blood  glucose  is  often  lower  in  the 

iv)  Rectal temperature. 

affected limb than that in the normal limb. Note: 

e)  Clinical pathology/diagnostic samples

the author discourages use of deep clipping of 

i)  Chemistry panel. 

the toenail to assess for lack of blood flow (the 

ii)  T4 and/or free T4. 

diagnostic tools listed in the earlier text offer a 

iii)  Complete blood count (CBC). 

less painful yet effective and sensitive means of 

iv)  Urinalysis. 

diagnosis and should be chosen preferentially to 

v) 

Coagulation  panel  (may  be  useful  prior  to 

deep nail clipping). 

initiating anticoagulant drug therapy). 

e)  Further assessment of respiratory function

f)  Imaging

i)  When  possible,  pulse  oximetry  provides  more 

i)  Chest radiographs are advised in all cases of sus-

objective  and  detailed  information  about  lung 

pected or confirmed CATE to evaluate or con-

function; however, poor perfusion, especially in 

firm the presence of congestive heart failure as 

cases with concurrent heart failure, may make 

well as to evaluate cardiac appearance (keeping 

obtaining  an  accurate  reading  with  pulse  oxi-

in  mind  that  many  cats  with  cardiomyopathy 

metry challenging. 

will have no overt changes to the appearance of 

ii)  Any  cat  showing  signs  of  respiratory  compro-

the cardiac silhouette on films). 

mise  should  be  given  oxygen  supplementation 

ii)  Echocardiogram: ultimately an echocardiogram 

(see Chapter 10— Respiratory Emergencies and 

will confirm diagnosis of underlying cardiac dis-

Pleural Space Disease). 

ease and the presence of a clot or spontaneous 

iii)  Point- of- care thoracic ultrasonography can iden-

echo contrast (“smoke”) in the left atrium. 

tify the presence of pleural effusion and pulmo-

iii)  ±  Abdominal  ultrasound  is  not  an  essential 

nary edema, and a rapid assessment of the left 

diagnostic in most cases, but can be used to con-

atrial (LA) size (or the ratio of left atrial:aortic 

firm  the  presence  of  a  thrombus  at  the  aortic 

diameter;  LA:Ao  ratio)  may  give  some  indica-

bifurcation  or  branching  iliac  arteries.  More 

tion of the likelihood of cardiac disease. In gen-

often  it  may  be  of  value  in  cases  suspected  to 

eral,  a  LA:Ao > 1.8  is  consistent  with  clinical 

have  more  extensive  thrombosis  involving  the 

heart disease. 

renal or mesenteric arteries. 

E)  Initial treatment

G) Comprehensive treatment (short- term and long- term)

a)  Oxygen therapy: any cat showing signs of respiratory 

a)  Continued diuretic therapy as needed for congestive 

compromise  should  be  given  oxygen  supplementa-

heart  failure  (see  Chapter  15— Management  of 

tion (see Chapter 10— Respiratory Emergencies and 

Specific Cardiac Diseases). 

Pleural Space Disease). 

b)  Continued oxygen therapy as needed. 
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c)  Analgesia should be provided and may be selected 

The majority of cases are treated supportively/

from the following (see Chapter 7— Analgesia in the 

symptomatically  with  secondary  focus  on 

Critically Ill Cat for more details):

complications. It is not common to pursue or 

i)  Buprenorphine 0.01–0.03 mg/kg IM or IV q6–8h; 

attempt definitive treatment of the thrombo-

may  be  used  transmucosally  for  analgesia  fol-

embolism; however, several treatment options 

lowing initial stabilization. 

do exist. These treatments typically require or 

ii)  Morphine 0.05–0.2 mg/kg IM or SQ q2–4h. 

are most appropriately pursued at a secondary 

iii)  Fentanyl

or tertiary referral center. 

1)  Injectable  fentanyl:  4–10 μg/kg  as  initial  IV 

i)  Pharmacologic  thrombolytic  therapy:  systemic 

bolus  followed  by  a  constant  rate  infusion 

administration  of  tissue  plasminogen  activator 

at 4–10 μg/kg/h. 

(tPA)  and  streptokinase  has  been  reported  in 

2)  Fentanyl  patch  placement  (either  12.5  or 

cats  with  CATE.  However,  streptokinase  is  no 

25 μg/h based on patient size, not to exceed 

longer  available,  and  tPA  was  associated  with 

5 μg/kg/h)  may  be  considered  for  analgesia 

reperfusion  complications,  hemorrhage,  or 

after initial patient stabilization and restora-

death  in  two  studies  of  cats  with  CATE.  An 

tion  of  normal  systemic  circulation  (use 

ongoing study (Bilateral Lysis of Aortic Saddle 

would not be advised for a patient in conges-

Thrombus with Early TPA; the BLASTT trial) is 

tive heart failure, as the impact of congestive 

evaluating  the  use  of  early  tPA  for  cats  with 

failure on the pharmacokinetics of transder-

CATE,  and  may  better  define  optimal  use  of 

mal  fentanyl  has  not  been  determined  and 

tPA. At this time, the author does not routinely 

the risk of ineffective analgesia exists). 

advise the use of thrombolytic therapy. 

iv)  Butorphanol 0.2–0.4 mg/kg IM or IV q1–2h. 

ii)  Interventional/catheter- assisted  embolectomy 

v)  Hydromorphone 0.1–0.2 mg/kg IM or IV q2–6h. 

has  been  reported,  but  has  not  been  associated 

vi)  Nonsteroidal anti- inflammatory drugs (NSAIDs) 

with improved outcomes, despite reestablishment 

should  not  be  used  acutely  due  to  risk  of 

of  blood  flow  in  treated  cats.  As  with  medical 

renal injury. 

thrombolysis, this therapy is currently associated 

d)  Anxiolytic therapy: administration of an injectable 

with a higher risk of complications and death. 

anxiolytic may be considered in addition to (but not 

iii)  Surgical embolectomy is not considered a practi-

as a replacement for) analgesic therapy. 

cal clinical therapy for CATE. In addition to the 

i)  Diazepam or midazolam may be administered 

risk of complications (i.e., hemorrhage, reperfu-

as  intermittent  IV  injections  at  a  dose  of 

sion  injury,  embolism,  and  death),  extended 

0.2 mg/kg (both can initially be given IM if IV 

general  anesthesia  is  challenging  for  patients 

access has not yet been achieved). 

with acute CATE and CHF. 

ii)  Acepromazine may be administered by injection 

d)  Prophylactic  antithrombotic  therapies:  there  are 

(IV  or  IM)  in  cardiovascularly  stable  patients 

no  acute  antithrombotic  therapies  with  proven 

(i.e., patients that are normotensive) at a dose of 

benefit for treatment of cats with CATE. In addi-

0.005–0.02 mg/kg. Acepromazine causes vasodi-

tion, there are few therapies with known pharma-

lation and may promote collateral circulation in 

cokinetics to guide dosing. However, it is important 

the affected limb(s), although this has not been 

to consider antithrombotic therapy in cats affected 

rigorously investigated. 

with CATE and discuss options for chronic proph-

e)  Monitoring

ylaxis with owners. 

i)  Serial  monitoring  of  electrolytes,  renal  values, 

i)  Heparins

and packed cell volume and total plasma protein 

1)  Unfractionated  heparin  (UFH)  may  be 

(PCV/TP)  as  an  indicator  of  hydration  status/

administered IV or SQ. Prior to initiation of 

fluid balance should be considered while patients 

UFH  therapy,  blood  should  be  collected  to 

are receiving acute and inpatient therapy. This is 

measure a baseline activated partial throm-

particularly  true  of  patients  receiving  diuretic 

boplastin  time  (aPTT)  or  anti- Xa  activity 

therapy  for  congestive  heart  failure  or  patients 

(inhibition of the activity of activated coagu-

that are severely affected and where concern for 

lation Factor X, available at some commer-

ischemia–reperfusion (IR) injury exists. 

cial laboratories) should be obtained. A dose 

f)  Medical  and  surgical  options  for  acute 

of  250 IU/kg  SQ  q6h  has  been  shown  to 

thromboembolism:

achieve  the  desired  prolongation  of  PTT 
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effect  with  low- molecular- weight  heparins 

in  an  experimental  setting.  However,  the 

may  not  be  achieved  until  48–72 hours  of 

actual effective dose in individual cats with 

use, so unless concern for excess drug effect 

illness  may  vary;  hence,  the  dose  adminis-

exists,  monitoring  is  not  advised  until 

tered  to  a  patient  will  likely  need  to  be 

2–3 days after initiating treatment. Cost and 

adjusted based on serial monitoring of aPTT 

availability  may  be  the  limiting  factors  for 

or anti- Xa activity (anticipate a dosing range 

some clients, and therefore some specialists 

of 150–300 IU/kg, SQ q6–8h in most clinical 

advocate  for  reduced  dosing  and  less  fre-

circumstances). If acute therapy (with rapid 

quent administration (i.e., 1 mg/kg, SQ q12h, 

onset of effect) is desired, IV administration 

but pharmacokinetic studies in normal cats 

of  the  initial  dose  (200–250 IU/kg  IV  once) 

would  suggest  lower  dosages,  and  less  fre-

followed by intermittent SQ  administration 

quent  administration  may  be  inadequate). 

may be pursued. Administration of the ini-

A recently released generic enoxaparin may 

tial UFH dose intravenously may be of par-

decrease costs but has not yet been evaluated 

ticular benefit to hemodynamically unstable 

for therapeutic equivalence in cats. 

patients in congestive heart failure. Note: If 

3)  Dalteparin  (Fragmin®)  is  another  LMWH 

baseline (pretreatment) coagulation analysis 

with a slightly shorter half- life in cats (rela-

identifies a mild prolongation of prothrom-

tive  to  enoxaparin).  Recommended  dosing 

bin  time  (PT)  or  aPTT,  more  conservative 

in cats is 150 IU/kg, SQ q4–6h. Dalteparin is 

dosing (25% reduction of initial dosing rec-

not commonly used by the authors due to 

ommendations)  may  be  considered,  and 

its short half- life, cost, and the need for fre-

closer monitoring of clotting times would be 

quent  administration.  Some  specialists  do 

advised. If moderate to severe prolongation 

advocate  for  reduced  dosing  and  less  fre-

of clotting time(s) is noted, repeat analysis in 

quent  administration  of  dalteparin  in  cats 

12–24 hours may be warranted prior to initi-

(i.e., 100 IU/kg SQ q12h); however, as with 

ating heparin therapy. Constant rate IV infu-

enoxaparin,  pharmacokinetic  studies  in 

sions of UFH (20–30 IU/kg/h) have also been 

normal  cats  would  suggest  lower  dosages 

used in the acute setting for cats with CATE, 

and  less  frequent  administration  may  be 

but there is no evidence about effectiveness 

inadequate. In general, there is uncertainty 

or complications of this dosing regimen. 

about the optimal use of dalteparin in cats 

2)  Enoxaparin  (Lovenox®)  is  a  low- molecular- 

with CATE and its efficacy at any dose. Cost 

weight  heparin  (LMWH)  that  has  a  longer 

and availability can be a significant limiting 

half- life  than  UFH  when  administered  to 

factor  for  use  of  this  medication  in  long 

people, and is the authors’ preferred LMWH 

term. Recommendations for monitoring of 

for  administration  to  cats.  Veterinarians 

dalteparin are the same as those described 

find  this  heparin  appealing  for  the  need 

for enoxaparin. 

for  less  frequent  monitoring  compared  to 

ii)  Novel  oral  anticoagulants  such  as  rivaroxaban 

UFH. Dosing is species- specific and limited 

and  apixaban  inhibit  activated  Factor  X  in  an 

to  subcutaneous  administration.  Recom-

antithrombin- independent  manner  (distin-

mended  dosing  is  1.25 mg/kg,  SQ  q6h  (in 

guished  from  the  heparins).  These  drugs  are 

some cases, it may be possible to adjust fre-

only available for oral administration, so are not 

quency  of  administration  to  q8h  for  long- 

useful for treating the acute CATE, but may be 

term therapy). Baseline PT and aPTT may be 

valuable  as  a  component  of  chronic  therapy. 

obtained  prior  to  initiating  therapy  to  con-

Pharmacokinetic  behavior  of  both  drugs  has 

firm  clotting  times  are  normal  prior  to 

been  described  in  healthy  cats.  An  ongoing 

administering an antithrombotic agent, but 

study  (Study  of  the  Utility  of  Rivaroxaban  or 

are not part of monitoring of LMWH dosing. 

Clopidogrel for prevention of recurrent Arterial 

Monitoring  is  recommended,  but  requires 

Thromboembolism  in  cats,  the  SUPERCAT 

measurement  of  anti- Xa  activity.  Routine 

trial) aims to compare rivaroxaban (2.5 mg, PO, 

monitoring is based on peak anti- Xa activity 

q24h) to clopidogrel for the prevention of recur-

levels (drawn 2 hours after drug administra-

rent CATE in cats who had already experienced 

tion)  with  the  goal  of  achieving  values 

one episode of CATE, and may give information 

between  0.5  and  1.0 IU/ml.  Steady- state 

regarding the chronic use of rivaroxaban in cats. 
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Combination therapy with clopidogrel has been 

occur in cases treated with supportive care alone, 

pursued  by  some  clinicians,  but  clear  indica-

particularly  in  cats  that  achieve  rapid  recovery  of 

tions,  contraindications,  and  complications  of 

circulation.  Primary  features  of  IR  injury  include 

this  double  therapy  have  not  been  fully 

development of metabolic acidosis and hyperkalemia. 

described. 

Marked  elevation  of  potassium  levels,  which  can 

iii)  Warfarin is uncommonly used due to the chal-

cause significant cardiac arrhythmias, is of greatest 

lenges of appropriate dosing and the risk of seri-

clinical  concern.  Hence,  regular  electrocardiogram 

ous bleeding complications. If warfarin is to be 

(ECG) analysis or continuous ECG monitoring may 

used, it is advised to pursue such treatment with 

be considered. Periodic (q6–12h) evaluation of elec-

the involvement of an experienced specialist

trolytes (and venous acid–base status) may be consid-

1)  Standard  dosing  recommendations  of 

ered to monitor for early signs of IR injury. 

0.06–0.09 mg/kg  PO  q24h  necessitate  com-

b)  Delayed onset of congestive heart failure. 

pounding  of  the  medication,  since  tablets 

c)  Organ failure secondary to extensive thrombosis or 

CANNOT  be  split  (the  medication  is  not 

IR injury, especially if extension of the aortic throm-

evenly distributed within a standard tablet, 

bus blocks flow to a renal artery. 

and  administration  of  a  portion  of  a  tablet 

I)  Prognosis

will  result  in  erratic  and  unsafe  dosing). 

a)  Both short- term and long- term prognoses are nega-

Daily monitoring is necessary when initiat-

tively affected by the presence of concurrent conges-

ing  therapy,  with  less  frequent  monitoring 

tive heart failure. 

being possible in the long term. Monitoring 

b)  Survival  to  hospital  discharge:  in  addition  to  the 

requires  establishment  of  an  international 

presence of congestive heart failure, several char-

normalized ratio (INR) with an established 

acteristics  have  been  associated  with  short- term 

laboratory,  and  while  prolongation  of  pro-

survival. 

thrombin time is seen with this therapy and 

i)  Single- limb involvement favors hospital discharge. 

is incorporated within the determination of a 

ii)  Presence  of  motor  function  (in  the  affected 

lab’s INR, simple use of PT prolongation as a 

limb[s]) favors hospital discharge. 

monitor  of  therapy  would  be  considered 

iii)  Hypothermia: while hypothermia is common in 

below the standard of care. 

cats presenting acutely, a single study evaluating 

iv)  Primary platelet antagonists

127 cats identified a 50% probability of survival 

1)  Clopidogrel,  an  oral  antiplatelet  agent 

in  cats  with  a  body  temperature  of  98.9 °F.  In 

(chronic):  18.75 mg  (¼  of  a  75- mg  tablet) 

this  same  study,  a  body  temperature  of  96 °F 

q24h.  In  a  randomized  comparison  with 

appeared to be associated with only a 25% prob-

aspirin for prevention of recurrent CATE in 

ability of survival. 

cats  who  had  already  experienced  a  CATE 

d)  Recovery of limb function should be anticipated in 

event,  clopidogrel  significantly  reduced  the 

most cats, but occurs over days to weeks, or in some 

likelihood of a second CATE, and thus is the 

cases even months. 

preferred antiplatelet agent for this use. 

e)  Long- term complications/risk of recurrence

2)  Aspirin  (chronic):  0.5–1 mg/kg  or  5 mg/cat 

i)  It is important to communicate to cat owners 

q72h is not recommended as a single agent 

that  progression  of  heart  disease,  future  epi-

for CATE prophylaxis or long- term therapy. 

sodes  of  congestive  failure,  and  euthanasia 

3)  Concurrent  use  of  aspirin  and  clopidogrel 

related to these factors are much more likely to 

may result in additive platelet inhibition, but 

influence long- term survival and complications 

this has not been evaluated in cats. 

than the thromboembolic event itself or recur-

e)  Physical therapy/convalescence

rence  of  thromboembolic  disease.  However, 

i)  Passive range of motion exercises should be per-

repeat  clot  events  do  occur  in  about  25%  of 

formed several times daily in all patients as soon 

cases  (for  further  information  on  survival  in 

as their comfort allows. 

cats with heart disease, readers may also refer 

ii)  Bladder  care:  periodic  bladder  expression  or 

to  Chapter  15— Management  of  Specific 

assistance with litter box use may occasionally 

Cardiac Diseases). 

be needed in some cases. 

ii)  Complications  in  the  affected  limb(s)  are 

H) Short- term complications or sequelae

uncommon, but limb contracture, self- trauma, 

a)  Ischemia–reperfusion (IR) injury: while uncommon 

and tissue/limb necrosis may occur in a minor-

unless  thrombolytic  therapy  is  utilized,  it  still  can 

ity of cases (approximately 10–15% of cases). 
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Management of Life- Threatening Arrhythmias

 Meg M. Sleeper

UNIQUE FEATURES



● Note the lower dose range for lidocaine in cats compared to dogs and use with caution, as it may cause seizures. 



● Use dobutamine cautiously in cats, as this medication may cause seizures. 



● The amplitudes of feline wave forms are small compared to other species and electrocardiograms (ECGs) should be run at double gain  (20 mm/mV). 

A)  Introduction

b)  Both situations can cause identical clinical manifes-

a)  A cardiac arrhythmia is an irregularity in the rhythm 

tations:  arrhythmias  that  involve  an  excessively 

of  the  heart  (Tilley  1993;  Fox  and  Harpster  1999; 

high heart rate (HR) (tachycardias, or tachyarrhyth-

Mirvis and Goldberger 2008; Côté 2010). Arrhythmias 

mias) are indistinguishable in their clinical mani-

may  be  normal  physiologic  variants,  such  as  sinus 

festations  from  those  arrhythmias  that  cause  an 

tachycardia  due  to  excitement,  clinically  insignifi-

excessively  slow  heart  rate  (bradycardias,  or 

cant individual variants, such as second- degree atrio-

bradyarrhythmias). 

ventricular (AV) block type 1 (Wenckebach rare in 

c)  The rapid fluctuations in heart rate brought on by 

cats),  markers  for  underlying  structural  heart  dis-

sporadic arrhythmias can alter cardiac output faster 

ease, as is often the case with atrial fibrillation, or the 

than a patient’s homeostatic mechanisms can offset 

primary  cause  of  clinical  signs  such  as  episodic 

the  changes.  Therefore,  forward  cardiac  failure, 

weakness,  syncope,  or  even  sudden  death.  In  the 

manifested classically as syncope, is the chief com-

emergency  setting,  the  most  important  goal  is  to 

plaint of cardiac dysrhythmias, in contrast to chronic 

accurately diagnose the rhythm present, determine 

mechanical pump failure, such as with dilated car-

which  of  the  abovementioned  scenarios  is  most 

diomyopathy,  where  backward  (congestive)  heart 

likely,  and  devise  an  appropriate  treatment  plan  if 

failure  occurs  as  a  result  of  the  cardiac  pathology 

indicated.  A  vagal  maneuver  is  always  indicated 

exceeding the body’s compensatory mechanisms. 

when a hemodynamically significant tachycardia is 

C)  Mechanism

present because a positive response is both therapeu-

The underlying mechanism causing an arrhythmia may be 

tic  and  can  be  helpful  for  diagnostic  purposes 

an abnormality of impulse initiation, impulse conduction, 

(although ventricular tachycardia [VT] is unlikely to 

or both. Arrhythmias may start because of one mechanism 

respond). Likewise, an atropine response test should 

and be perpetuated by a different one, and it is often not 

be considered for all patients with hemodynamically 

possible to determine the precise cause of the arrhythmia 

significant  bradycardias,  both  for  diagnostic  and 

from the body surface ECG. 

therapeutic purposes. 

a)  Enhanced impulse initiation occurs when a cell or 

B)  Overview

group of cells undergo rapid phase 4 depolarization 

a)  Broadly, arrhythmias can be divided into those dis-

and can be caused by automaticity (i.e., a subsidi-

orders where the creation or conduction of impulses 

ary pacemaker fires at a faster rate than the sinus 

is faster than normal, and those where it is slower 

node and takes over control of the heart rhythm), 

than normal. 

or  triggered  (i.e.,  depolarizing  afterpotentials  are 
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170  Management of Life- Threatening Arrhythmias produced  by  an  initiating  beat  or  trigger).  These 

origin  because  the  pattern  of  ventricular 

afterdepolarizations may be early or delayed. 

depolarization spreads in a different orientation 

b)  Conditions  that  prolong  the  action  potential  will 

if it originates from a focus within the ventricles 

increase the amplitude of early afterdepolarizations 

than if it spreads from the His bundle during a 

and  therefore  the  chance  of  triggered  activity.  By 

normal sinus beat. 

contrast,  delayed  afterdepolarizations  occur  after 

ii)  The QRS complex of a ventricular complex is 

full  electrical  recovery  and  generally  occur  when 

always wider than a normal sinus QRS complex 

intracellular calcium ion activity is increased. 

because  myocyte- to- myocyte  electrical  trans-

c)  Abnormal impulse conduction can cause bradycar-

mission is more time- consuming than the nor-

dias, when there is blocked conduction, or tachycar-

mal  rapid  conduction  through  the  ventricles’ 

dias, when reentrant activation occurs. 

His–Purkinje system. 

d)  Reentry can result in a single or multiple premature 

iii)  Finally, since the wave of ventricular repolariza-

depolarizations. When reentry occurs, the impulse 

tion  follows  the  same  course  as  the  wave  of 

persists to re- excite the chambers of the heart after 

depolarization that preceded it, the T wave of a 

the  refractory  period  is  over,  and  the  activity  can 

ventricular complex is of a different morphology 

occur in the atria or the ventricles. 

compared to a sinus T wave. Several electrocar-

e)  Depression  of  normal  automaticity  results  in  a 

diographic impostors exist that mimic ventricu-

decreased  rate  of  automatic  firing  and  generally 

lar ectopic complexes and it is important to keep 

results in bradycardia. 

these in mind when evaluating ECGs. 

D)  Evaluating arrhythmias

iv)  The  primary  differentials  for  wide  QRS  mor-

When  bradycardias  affect  cardiac  output,  they  do  so  by 

phology are:

compromising  heart  rate  and  therefore  limiting  cardiac 

1)  Ventricular ectopic beat. 

output,  whereas  tachycardias  limit  cardiac  output  by 

2)  Aberrant conduction due to left or right bun-

reducing  cardiac  filling  and  thereby  limiting  stroke  vol-

dle branch block. 

ume. An ECG diagnosis to identify the arrhythmia is neces-

3)  Heart  enlargement,  which  may  result  in  a 

sary because exactly the same clinical signs can arise from 

right axis deviation due to right ventricular 

tachycardias and bradycardias. When the ECG has identi-

enlargement  or  cardiac  displacement;  or  a 

fied an abnormality, defined as a clinically relevant finding 

wide/tall  R  wave  when  left  ventricular 

and  not  explained  by  normal  physiologic  changes  (i.e., 

enlargement is present. 

sinus  tachycardia  caused  simply  by  excitement),  then  a 

4)  Electrolyte abnormalities (i.e., hyperkalemia). 

complete  workup  of  possible  underlying  metabolic  dis-

It is important to remember that any of these 

eases is appropriate (Côté and Harpster 2009). A complete 

abnormalities may result in wider than normal 

workup would include thoracic radiographs, echocardiog-

QRS morphology on the body surface ECG. 

raphy, arterial blood pressure, and laboratory tests such as 

d)  Supraventricular tachycardias

complete blood count, serum biochemistry, urinalysis, etc., 

i)  Supraventricular  tachycardias  are  broadly 

in  addition  to  a  thorough  history  and  physical  examina-

defined  as  any  tachycardia  originating  from 

tion. However, often in the emergent situation, there is not 

the  SA  node,  atrial  myocardium,  AV  node/

time  to  do  more  than  start  this  process  and  therapeutic 

junction,  or  great  vessels  connecting  to  the 

steps must be taken as efficiently as possible. 

atria (Blömstrom- Lundqvist et al. 2003). 

E)  Tachycardias

ii)  Specifically  included  are  sinus  tachycardia, 

a)  When  a  significant  tachycardia  is  present  even 

sinus node reentrant tachycardia, automatic atrial 

intermittently (≥240 beats/minute for 60 seconds or 

tachycardia,  intra- atrial  reentrant  tachycardia, 

more despite a calm environment) and no identifi-

atrial  flutter,  atrial  fibrillation,  AV  nodal 

able systemic illness is present, a pathologic tachy-

reentrant tachycardia, orthodromic atrioventric-

cardia should be suspected. 

ular  reciprocating  tachycardia,  and  automatic 

b)  The  most  common  pathologic  tachycardias  that 

junctional tachycardia (Wright 2009). 

cause such unrelentingly high heart rates include 

iii)  Of these, sinus tachycardia is generally a nor-

VT,  atrial  tachycardia  (AT),  and  atrial  fibrillation, 

mal physiologic response to increased adrener-

and  differentiation  between  these  rhythms 

gic activity. The other rhythms may generally be 

requires an ECG. 

grouped in the broad category of “AT.” 

c)  The morphology or shape of the QRS complex is an 

iv)  This  simplification  is  adequate  for  practical 

important clue to the site of origin of the rhythm. 

purposes of dealing with these arrhythmias in 

i)  A  QRS  complex  of  different  morphology  is 

the  emergency  setting  because  they  can  be 

expected  when  the  complex  is  ventricular  in 

treated  similarly.  Further  workup  to  identify 

[image: Image 63]
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the specific rhythm can wait until the patient is 

–  Premature  occurrence  refers  to  a 

stabilized. 

shorter- than- normal coupling interval: the 

v)  An AT is defined as a series of three or more 

ventricular  premature  complex  (VPC) 

consecutive atrial (supraventricular) premature 

occurs  earlier  than  a  normal  sinus  beat 

complexes, some or all of which may success-

would have occurred. 

fully cross the AV node. Generally, because the 

2)  QRS complex of different morphology. 

depolarizations  are  entering  the  ventricles 

3)  T wave of different morphology. 

through  the  AV  node,  the  QRS  shape  will  be 

ii)  For a VPC to occur, spontaneous firing within 

narrow (normal in duration). However, if any of 

the ventricles takes control of ventricular depo-

the above- listed causes of aberrant ventricular 

larization, meaning the normal depolarization 

depolarization  are  present  (such  as  bundle 

from the SA node courses normally through the 

branch block), the QRS is wide in spite of origi-

atria  (and  a  P  wave  is  generated),  but  the 

nating above the ventricles. 

impulse  does  not  conduct  to  the  ventricles 

vi)  When atrial activity is excessively rapid, the fil-

because  they  are  either  still  depolarizing,  or 

tering function of the normal AV node may limit 

refractory immediately following depolarizing. 

the number of P waves (ectopic atrial depolari-

Thus,  P  waves  may  or  may  not  be  visible  on 

zations) admitted into the ventricles, a protec-

the ECG. 

tive mechanism called “physiologic AV block.” 

iii)  The QRS morphology is a more important char-

For example, if an ectopic atrial focus fires at a 

acteristic to identify a complex as ventricular in 

rate of 420 beats/minute and each atrial impulse 

origin  (wide,  bizarre  morphology  or  shape) 

crossed the AV node normally into the ventricles 

than absence of presence of P waves. Also, ven-

(“1:1  conduction”),  then  the  ventricular  rate 

tricular rhythms are usually regular, a charac-

would be 420 bpm. Such a rapid heart rate could 

teristic that can be useful for differentiating VT 

be  expected  to  cause  a  substantial  decrease  in 

from AT with aberrant conduction (Figure 17.1). 

cardiac output due to severely limited diastolic 

iv)  The occurrence of four or more VPC consecu-

fil ing time. In some patients with this type of 

tively  at  a  rate  of  240  beat/minute  in  cats  or 

dysrhythmia,  physiologic  2:1  or  3:1 second- 

greater is termed VT. 

degree  AV  block  may  occur,  producing  heart 

1)  VT may occur for any length of time and at 

rates much closer to the normal range, that is, 

any  rate,  including  rapid  VT  (>280  beats/

210 or 140 beats/minute, respectively. This varia-

minute) wherein diastolic filling of the ven-

tion in AV nodal conduction explains why some 

tricles is compromised and a reduced, possi-

patients may tolerate AT better than others. 

bly inadequate, cardiac output occurs. 

e)  Ventricular tachycardia

2)  A rhythm that consists of four or more VPCs 

i)  There are three electrocardiographic features of 

occurring consecutively but where the rate is 

ventricular ectopy:

less than the defined rate for VT (160 beats/

1)  Premature occurrence

minute) and faster than a ventricular escape 

Figure 17.1  Body surface ECG (10 mm/mV; 50 mm/s) from a cat. Note the ECG is run with increased sensitivity because feline complexes are often small (20 mm/mV). The rough deviations in the baseline in the early portion of the ECG are an artifact (caused by purring). Note that the underlying QRS rhythm is not altered by the baseline change. 
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anxious, distraught, or otherwise strongly sympa-

idioventricular rhythm (AIVR).” 

thetically  stimulated  patient,  there  may  be  no 

3)  The slower rate of AIVR provides more time 

response simply because of the sympathetic stim-

for diastolic ventricular filling, and therefore 

ulus, not because the arrhythmia is independent 

the rhythm is usually hemodynamically sta-

of the SA and AV nodes. If the vagal maneuver is 

ble and does not require treatment. 

not  effective  and  if  the  tachycardia  is  severe 

f)  Vagal maneuvers

enough to be negatively impacting cardiac output 

i)  Differentiation of the type of tachycardia as well 

(recumbent patient with weak or absent pulse), 

as a therapeutic benefit if the tachycardia termi-

intravenous medical management is warranted. 

nates make a vagal maneuver the first approach 

g)  Treating supraventricular tachycardias

in an animal with tachycardia (Wright 2009). 

i)  Intravenous diltiazem hydrochloride (Table 17.1) 

ii)  The purpose of a vagal maneuver is to increase 

or  a  beta- adrenergic  blocker  (propranolol  or 

parasympathetic tone (to the SA and AV nodes, 

esmolol) (Table 17.1) is recommended for emer-

since  they  receive  the  autonomic  input  to 

gent care. 

the heart). 

1)  Although cats are at less risk of having sig-

iii)  Slowing of the sinus rate and/or transient phys-

nificant systolic dysfunction as part of their 

iologic  AV  block  are  the  most  common  and 

underlying heart disease, it is important to 

desired effects. Ventricular rhythms such as VT 

remember  that  beta- adrenergic  receptor 

are less easily influenced by vagal maneuvers, 

blockers will negatively impact systolic dys-

if at all. 

function. In an animal with unknown car-

iv)  Vagal maneuvers can be performed safely and 

diac  status,  esmolol  (an  ultra- short- acting 

consistently. 

beta- adrenergic receptor blocker) might be a 

1)  One  form  of  vagal  maneuver,  carotid  sinus 

safer choice than propranolol. For the same 

massage,  involves  the  simple  application  of 

reason,  beta- adrenergic  receptor  blockers 

gentle, sustained digital pressure by the clini-

should  not  be  used  in  animals  exhibiting 

cian to the external region of the neck overly-

uncontrolled congestive heart failure. 

ing one or both of the patient’s carotid sinuses, 

For chronic control of AT, digoxin or diltiazem 

located just caudal to the dorsal aspect of the 

may be effective, but one study suggests that 

larynx  (a  gag  reflex  is  often  elicited),  for 

for optimal heart rate control in dogs, digoxin 

5–10 seconds, while the ECG tracing is being 

and diltiazem should be used together (Gelzer 

recorded. Such a maneuver should be tolerated 

et  al.  2009).  In  cats  with  normal  systolic 

by the patient, and signs of discomfort, resent-

function, atenolol would be be an excellent 

ment, or a marked change in heart rate warrant 

option for chronic management. 

immediate termination of the maneuver. 

h)  Treating ventricular tachycardia

2)  The other form of vagal maneuver used rou-

i)  Lidocaine (Table 17.1) is used as the first- line ven-

tinely is ocular pressure. It consists of apply-

tricular  antiarrhythmic  in  dogs.  Although  lido-

ing firm but controlled gentle digital pressure 

caine can be used successfully in cats, an alternative 

to  both  globes  through  closed  eyelids. 

to lidocaine for intravenous treatment of VT in cats 

Subjectively, the amount of pressure applied 

is a beta- adrenergic receptor blocker (esmolol or 

should  not  exceed  the  digital  pressure  one 

propranolol). As stated in the earlier text, if there is 

would place on a ripe grape without rupturing 

likely to be underlying systolic dysfunction (per-

it. Likewise, this should be acceptable to the 

haps noted on a previous echocardiogram), esmo-

patient, and signs that it is not warrant imme-

lol would be a safer choice than propranolol. 

diate  termination.  Ocular  pressure  is  con-

1)  The basis is both the narrow safety margin 

traindicated in patients with ocular problems. 

in cats for lidocaine and the observation that 

v)  The effect of a vagal maneuver should be mani-

beta- receptor  stimulation  via  epinephrine 

fested at some point during the application of 

can trigger ventricular arrhythmias even in 

pressure (typically within 5–15 seconds of initi-

cats with normal hearts (Hikasa et al. 1996), 

ation of the maneuver). 

and likely more so in hypertrophied hearts 

vi)  It  must  be  remembered  that  vagal  maneuvers 

(Rials et al. 1995). 

increase  parasympathetic  tone,  but  are  not  a 

2)  Both  esmolol  and  propranolol  bind  beta- 1 

guarantee  of  parasympathetic  override.  In  an 

adrenergic  receptors,  and  therefore  their 
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Table 17.1  Drugs for treating tachycardias (purple- shaded drugs are for supraventricular tachycardias, grey- shaded drugs are for ventricular tachycardias, and blue- shaded drugs can treat either). 

Drug

Drug action

Dose

Formulation

Comments

Atenolol

Β- 1 selective 

6.25–12.5 mg PO q12–24h

Tab: 25, 50, 100 mg

Less bronchoconstriction that 

adrenergic blocker

Oral suspension: 

nonselective beta blockers; avoid with 

25 mg/ml

CHF

Esmolol

Ultra- short- acting  200–500 μg/kg IV loading 

Inj: 10 mg/ml

β1- selective beta 

dose over 1 minute, then 

adrenergic blocker 25–200 μg/kg/min

CRI

Metoprolol

β1- selective beta 

0.2–0.4 mg/kg PO

Tab: 25, 50, 100 mg

blocker

Q12h

Inj: 1 mg/ml

Procainamide Class 1 

3- 8 mg/kg PO q6- 8h; 

Cap: 250, 375, 500 mg Beware hypotension with IV

antiarrhythmic 

1- 2 mg/kg IV slowly if 

Tab: 250, 375, 500 mg administration

agent

effective follow with 

10- 20 

Tab: CR, SR: 250, 500, Effects increased by high potassium 

μg/kg/min CRI

750, 1000 mg

and decreased by low potassium

Inj: 100, 500 mg/ml

Monitor ECG; 25%

Some oral 

prolongation of QRS is sign of toxicity

formulations

May be difficult to obtain

may be unavailable

Use with caution in cats

Reduce dose with severe renal and 

liver disease

Propranolol

Nonselective β 

0.1- 0.2 mg/kg PO q8–12h; can  Tab: 10, 20, 40, 60, 80 Beware of possible blocker

titrate up to 1.5 mg/kg PO q8h mg

bronchoconstriction

0.02–1 mg/kg IV

Cap: 60, 80, 120, 160

Start with low dose and titrate to effect

over 5–10 minutes

mg

Atenolol is a better choice for chronic 

therapy

Sotalol

Antiarrhythmic 

0.5- 2 mg/kg PO q12h

Tab: 80, 120, 160 mg

Monitor closely with CHF due to 

agent with class II 

negative inotropic properties

(beta blocking) 

and class III effects

Digoxin

Cardiac glycoside

0.005- 0.00 mg/kg PO q12h 

Tab: 0.0625, 0.125, 

Toxicity potentiated by hypokalemia, 

(use pill, as elixir is distasteful  0.1875, 0.25, 0.5 mg

hyponatremia, hypercalcemia, 

in cats)

Elixir: 0.05 mg/ml

hypothyroidism; dose on lean body 

weight; therapeutic range 1–2 ng/ml 8 

hours after dose

Diltiazem

Calcium channel 

0.5- 1.5 mg/kg PO q8h

Tabs: 30, 60, 90, 

Extended release formulations have 

blocker

120 mg

unpredictable bioavailability

Inj: 5, 10, 50, 

125 mg/ml

Dilacor XR: 120, 180, 

240 mg

Cardizem CD: 120, 

180, 300 mg

Lidocaine

Class I 

0.25–0.5 mg/kg IV

Inj: 5, 10, 15, 

Use with caution in cats, as may cause 

antiarrhythmic

over 5 min; if effective follow  20 mg/ml

seizures

with 10- 20 μg/kg/min

(without 

Drug of choice for initial control of 

epinephrine)

ventricular tachycardia

Effects increased by high potassium 

and decreased by low potassium

Magnesium 

Electrolyte

0.15- 0.3 mEq/kg IV over 

20% MgCl2 solution 

sulfate

5- 15 minutes

for injection (contains 

1.97 mEq of Mg++ 

per ml)
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● 

Assessment  of  the  physiologic  (gen-

ventricles,  but  is  expected  to  be  relevant 

erally  harmless)  versus  pathologic 

when catecholamine stimulation is contrib-

(may cause clinical signs such as syn-

uting to VT. 

cope)  nature  of  bradycardias  can  be 

ii)  Procainamide  (Table  17.1)  is  another  antiar-

ascertained  with  an  atropine 

rhythmic option for animals that do not respond 

response test:

adequately to lidocaine. 

2)  An  ECG  strip  is  recorded,  and  0.04 mg/kg 

iii)  Magnesium  deficiency  may  predispose  to  car-

atropine  is  immediately  administered 

diac  arrhythmias.  Magnesium  sulfate  can  be 

IV or IM. 

administered at a dosage of 30 mg/kg slowly IV, 

3)  One  or  both  follow- up  ECGs  recorded  15 

while monitoring for mental depression or dull-

and  30 minutes  later  should  demonstrate 

ness,  weakness,  bradycardia,  hypotension,  or 

sinus  tachycardia  if  the  bradycardia  is 

hypocalcemia as signs that warrant termination 

vagally mediated. 

of administration. 

4)  Respiratory, central nervous system, gastro-

1)  Magnesium  sulfate  is  a  logical  choice  in  a 

intestinal,  and  ocular  diseases  can  increase 

patient  with  VT  requiring  antiarrhythmic 

vagal  tone  and  result  in  secondary 

treatment when hypomagnesemia has been 

bradycardia. 

documented or is suspected, such as when 

5)  If the patient is asymptomatic for the brady-

electrolyte- wasting  drugs  (e.g.,  furosemide) 

cardia,  addressing  the  underlying  disease 

have been administered. 

may be all that is necessary. 

iv)  Similarly, hypokalemia may increase the likeli-

6)  However,  if  the  heart  rate  increases  with 

hood of ventricular ectopy and should be kept 

atropine  administration,  and  the  patient  is 

in mind as a possible contributing factor, par-

symptomatic due to the arrhythmia (weak-

ticularly  since  it  is  treatable  with  potassium 

ness, syncope, etc.), treatment with the oral 

supplementation. 

vagolytic propantheline bromide (Table 17.2) 

v)  For chronic therapy, mexiletine and/or sotalol 

would be a good choice. 

are  most  commonly  used  for  control  of  VT 

7)  Alternatively, treatment with  terbutaline or 

(and  amiodarone  can  be  used  for  chronic 

theophylline  (see  Table  17.2)  may  also 

therapy as well) in dogs. There is less experi-

be useful. 

ence  with  these  medications  in  cats,  but 

8)  An atropine response test is indicated in all 

sotalol is used most frequently when atenolol 

patients with bradycardia for diagnostic and 

is inadequate. 

possible  therapeutic  effects.  However,  it  is 

vi)  The therapeutic goal is to reduce or eliminate 

unlikely  to  be  effective  in  patients  with 

extremes of tachycardia that would reduce car-

third- degree  AV  (complete  heart  block)  or 

diac  output— i.e.,  to  provide  medication  at  a 

high- grade second- degree AV block. 

level  that  prevents  a  persistent  HR  >200  and 

–  These  patients  and  patients  that  do  not 

stops  tachycardia- associated  syncope  or  other 

respond adequately to atropine adminis-

arrhythmia- associated clinical signs. 

tration (i.e., patients with sick sinus syn-

1)  Follow- up  is  warranted  after  7–14 days  of 

drome) usually require implantation with 

antiarrhythmic therapy, or sooner if clinical 

a permanent pacemaker. 

signs worsen or new clinical signs appear. 

–  Until  a  permanent  pacemaker  can  be 

–  Bradycardias

implanted,  dobutamine  or  isoproterenol 



●

Bradycardias may be physiologic (due to 

(Table 17.2) may be effective in increas-

high vagal tone) or pathologic and arise 

ing  the  heart  rate  and  stabilizing  the 

from  faulty  intracardiac  conduction 

patient. 

(atrioventricular  block),  electrolyte 

–  Alternatively,  a  temporary  pacemaker 

abnormalities  such  as  hyperkalemia 

can be used to stabilize heart rate and car-

(atrial  standstill),  sinus  node  dysfunc-

diac  output  until  the  permanent  pace-

tion (sick sinus syndrome), etc. 

maker is implanted. 
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Table 17.2  Drugs for treating bradycardias. 

Drug

Drug action

Dose

Formulation

Comments

Atropine

Anticholinergic

0.01–0.04 mg/kg

Inj: 0.05, 0.1, 0.3, 0.4, 0.5, 

May transiently worsen 

IV, IM, IO 0.02–0.04 mg/

0.8, 1.0 mg/ml

bradyarrhythmia when 

kg SC q6–8h (IT: double

administered IV. 

dose)

Dobutamine

Beta- adrenergic 

2–15 μg/kg/min IV CRI

Inj: 12.5 mg/ml

Inotropic effect is dose- dependent

agonist

Less arrhythmogenic than most 

other catecholamines

Use with caution in cats; may 

cause seizures

Glycopyrrolate

Anticholinergic

0.01 mg/kg

Inj: 0.2 mg/ml

Longer duration of action than 

IV, IM

atropine

0.01–0.02 mg/kg SC

Isoproterenol

Sympathomimetic  0.4 mg in 250 mL D5W 

Inj: 1:5000 (0.2 mg/ml)

Used as an emergency treatment 

agent

drip slowly to effect

until artificial pacing can be 

accomplished

Propantheline 

Anticholinergic

7.5 mg/cat

Tab: 7.5, 15 mg

bromide

PO q8h

Terbutaline

β2 agonist 

0.1 mg/kg PO q8h or 

Tablet: 2.5, 5 mg

Reduce dose by 50% first four days 

bronchodilator

0.625–1.25 mg/cat q12h; 

Inj: 1 mg/ml

to prevent restless behavior

0.05 mg/kg SC, IM, IV

Decrease dose with renal disease

Theophylline

Methylxanthine 

4 mg/kg PO q12h

Tab: 100, 200, 300, 450 mg

Dose on lean body weight

bronchodilator

(19 mg/kg PO q24h if 

Cap: 50, 75, 125, 200 mg 

extended release)

(availability of extended- 

release formulations may 

be variable)
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Diagnostic Evaluation of Gastrointestinal Conditions

 Daniel Z. Hume



UNIQUE FEATURES



● The sublingual space should be examined for string foreign bodies. 



● Cats less frequently exhibit abdominal pain associated with pancreatitis and septic peritonitis compared to dogs. However, it has been reported that septic cats may exhibit nonspecific abdominal pain despite the absence of abdominal disease. 



● Reactive feline mesothelial cells do not often exhibit cellular characteristics of malignancy. Therefore, the presence of cells with these characteristics should prompt the consideration of a cancerous process. 

A) Clinical signs and diagnosis

pain should be noted. Cats less frequently exhibit 

a)  Oral examination

abdominal pain associated with pancreatitis and 

i)  A  thorough  oral  examination  should  be  per-

septic peritonitis compared to dogs. However, it 

formed on all cats. The sublingual space should be 

has  been  reported  that  septic  cats  may  exhibit 

examined for string foreign bodies (Figure 18.1). 

nonspecific abdominal pain despite the absence 

Ptyalism and icterus may be present in cats with 

of abdominal disease. The large and small intes-

hepatobiliary disease. Oral ulcers may be present 

tines should be carefully palpated for thickness, 

in association with renal disease or viral disease. 

symmetry, masses, or focal pain. Constipation or 

Advanced  dental  disease  is  a  frequent  cause  of 

obstipation is often diagnosed based on a physi-

anorexia in the feline patient. 

cal  examination.  The  anus  should  be  visually 

b)  Abdominal auscultation

examined.  Gentle  digital  rectal  examination  is 

i)  Abdominal auscultation is frequently unreward-

mandatory in any cat presenting for tenesmus or 

ing in the evaluation of emergent gastrointesti-

constipation. 

nal (GI) disease, and is probably more important 

B)  Diagnostic and monitoring procedures

in  the  serial  evaluation  of  the  hospitalized 

a)  Survey abdominal radiographs

patient. 

i)  Decreased abdominal serosal detail is compati-

c)  Abdominal palpation

ble  with  abdominal  effusion  or  peritonitis, 

i)  Careful  and  thorough  abdominal  palpation  is 

though  this  finding  is  also  seen  in  young 

paramount in the physical examination in cats 

patients,  thin  patients,  or  poor  radiographic 

presenting  for  signs  of  gastrointestinal  disease. 

technique.  A  “ground- glass”  appearance  to 

The loose abdominal musculature of a cat makes 

mid- abdomen may be seen in patients with car-

abdominal  palpation  relatively  easy  and  often 

cinomatosis (Figure 18.2). 

helps in the diagnosis. The liver margins should 

ii)  Moderate to severe gas or fluid enlargement of 

not extend past the last rib and any enlargement 

small intestine may be seen with small intesti-

should  prompt  suspicion  of  hepatobiliary  dis-

nal  mechanical  obstruction.  Normal  bowel 

ease. The location and severity of any abdominal 

diameter is  12 mm or less than twice the height 
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Figure 18.1  String foreign body under the base of the tongue. 

mechanical intestinal obstruction secondary to a foreign body. 

 Source: Courtesy of Dan Hume, MJR- Veterinary Hospital at the Note the two populations of small bowel (one population of 

University of Pennsylvania. 

normal diameter and one distended population with a diameter 

>12 mm).  Source: Courtesy of Anthony J. Fischetti, Animal Medical Center. 

of  the  central  portion  of  a  lumbar  vertebrae 

(Figures 18.3 and 18.4). 

iii)  A soft- tissue tubular structure with an oblong, 

tapering  gas  bubble  (“bullet”  sign  or  “snake-

head”  sign)  may  be  seen  in  animals  with 

intussusceptions. 

iv)  Intestinal plication and teardrop- shaped lumi-

nal gas bubbles may be seen with a linear for-

eign body (Figure 18.5). 

v)  Although extremely rare in cats, compartmen-

talization of the stomach and pyloric displace-

Figure 18.2  Lateral radiograph of a cat with carcinomatosis ment  occur  with  a  gastric  dilation–volvulus 

secondary to pancreatic carcinoma. Note the ground- glass 

(right lateral projection). 

appearance to the cranial abdomen.  Source: Courtesy of Anthony vi)  Animals with pancreatitis may have increased 

J. Fischetti, Animal Medical Center. 

opacity, granularity, and decreased detail in the 

right cranial quadrant, along with an increase 

in the gastroduodenal angle. 

Figure 18.3  Lateral abdominal radiograph of a cat with a 

mechanical intestinal obstruction secondary to a foreign body. 

Note the two populations of small bowel (one population of 

Figure 18.5  Lateral abdominal radiograph of a cat with a 

normal diameter and one distended population with a diameter 

mechanical intestinal obstruction secondary to a linear foreign 

>12 mm).  Source: Courtesy of Anthony J. Fischetti, Animal body. Note the bunched or plicated small intestine. Source: 

Medical Center. 

Courtesy of Anthony J. Fischetti, Animal Medical Center. 
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b)  Esophagram

viii)  If a colonic abnormality is suspected, the radio-

i)  Indicated  for  the  evaluation  of  esophageal 

graphs  should  continue  until  the  barium  has 

causes of gastrointestinal signs (e.g., regurgita-

completely emptied the colon. 

tion, weight loss). 

ix)  Normal gastric- emptying time with liquid 30% 

ii)  Diseases include esophageal strictures, masses, 

barium  is  15–60 minutes,  but  can  take  up  to 

foreign  bodies,  and  esophageal  motility 

17 hours with food, depending on size, shape, 

disorders. 

pH, and fiber content of the food. 

iii)  Barium is contraindicated and nonionic, iodi-

x)  Normal  small- intestinal  transit  time  with  liq-

nated contrast preferred if esophageal perfora-

uid barium 30% is 30–60 minutes, but can take 

tion is suspected or possible. 

as long as 3–4 hours. 

iv)  Obtain orthogonal survey radiographs prior to 

d)  Pneumocolonography

initiation of ANY contrast study. 

i)  May be used to distinguish between normal gas 

v)  Administer 5–7 ml of 60% barium- sulfate sus-

or feces- filled large intestine and a small intes-

pension or barium paste (or 5–10 ml of solution 

tine dilated with gas. This is particularly useful 

of  50:50  nonionic  iodinated  contrast  media 

in cats suspected of having a GI obstruction. 

to water). 

ii)  Obtain  orthogonal  survey  abdominal  radio-

vi)  Lateral projection of the neck and a lateral and 

graphs prior to initiation of the contrast study 

ventral/dorsal  (V/D)  projection  of  the  thorax 

to  allow  comparison  with  the  contrast- 

are immediately obtained. 

enhanced films. 

vii)  The study can be repeated with barium- soaked 

iii)  Administer  20–30 ml  of  air  into  the  rectum 

kibble if warranted. 

using a red rubber catheter or an oral dosing 

viii)  The caudal third of the esophagus normally has 

syringe. 

a  herringbone  appearance  given  the  smooth 

iv)  Immediately  after  insufflation,  a  right  lateral 

muscle composition of the feline esophagus in 

film should be taken. A ventral/dorsal film and 

that region. 

opposite lateral film may be taken if enough air 

c)  Upper and lower GI series

remains.  The  procedure  may  be  repeated  if 

i)  Indications for upper GI study

additional air is needed for orthogonal views. 

1)  Survey radiographs are not definitive. 

e)  Fecal examination

2)  Intestinal  obstruction  (stricture,  foreign 

i)  Fecal parasitology

body, mass, etc.) is suspected. 

1)  Fecal  flotation  is  indicated  to  find  cysts, 

3)  For the evaluation of GI transit time. 

oocysts, and ova in feces. 

4)  GI ulcers and other mucosal irregularities. 

2)  Techniques  utilizing  centrifugation  meth-

ii)  Barium is contraindicated and iodinated con-

odology consistently recover more eggs than 

trast  preferred  if  GI  perforation  is  suspected. 

other methods. 

Barium  is  generally  preferred  over  iodinated 

3)  Zinc sulfate flotation of three separate sam-

contrast  material  because  barium  is  more 

ples procured at least 48 hours apart is the 

opaque,  not  absorbed,  and  adheres  better  to 

preferred  floatation  technique  for   Giardia 

abnormal mucosa. 

cyst detection (Figure 18.6). 

iii)  Obtain  orthogonal  survey  abdominal  radio-

ii)  Fecal cytology

graphs prior to initiation of the contrast study. 

1)  Direct wet preparation

iv)  Administer  12–20 ml/kg  of  30%  barium  solu-

–  A  small  amount  of  fresh  feces  is  mixed 

tion (or 600–800 ml/kg of iohexol diluted with 

with a drop of saline. 

water  to  obtain  a  volume  of  10 ml/kg)  via 

–  Motile  trophozoites  of   Giardia  spp.  and 

nasogastric or orogastric tube. 

 Tritrichomonas foetus may be visualized. 

v)  At time zero, four- view abdominal radiographs 

2)  Stained preparations

are  taken  allowing  for  visualization  of  all 

–  Diff- Quick or Wright’s stain may be used. 

regions of the stomach. 

–  The  smears  may  be  evaluated  for 

vi)  Right lateral and V/D radiographs are obtained 

increased  number  of  white  blood  cells, 

at 15 minutes, 30 minutes, and 60 minutes. 

presence  of  a  monomorphic  bacterial 

vii)  Radiographs should be taken every 30 minutes 

population,  Clostridial  endospores,  or 

until  the  contrast  reaches  the  colon  and  the 

spiral- shaped  bacteria  consistent  with 

stomach does not contain a pool of barium. 

 Campylobacter spp. 

[image: Image 69]

180  Diagnostic Evaluation of Gastrointestinal Conditions Figure 18.6  (a)  Ancylostoma sp. eggs in fecal float (40×). (b)  Toxascaris leonina (10×). (c)  Toxocara sp. egg (10×). (d)  Isospora sp. 

unsporulated oocyst— arrow (40×). (e)  Giardia cysts (40×). (f)  Giardia trophozoites (100×).  Source: Courtesy of the Laboratory of Parasitology, University of Pennsylvania, School of Veterinary Medicine. 

–  It is important to note that the diagnostic 

–  A  sensitive,  inexpensive  polymerase 

utility (low sensitivity and specificity) of 

chain reaction (PCR) test is also available 

fecal cytology in the diagnosis of bacterial 

(North  Carolina  State  University,  Texas 

causes of diarrhea is low and there is poor 

A&M GI Lab). 

correlation  with  other  more  definitive 

3)   Giardia

diagnostic tests and that these organisms 

–  Several in- house assays are available. 

may  be  present  and  visualized  in  both 

f)  Diagnostic peritoneal lavage

health and disease. 

i)  Indicated in animal with suspected abdominal 

iii)  Other fecal tests

disease  in  which  simple  abdominal  or  four- 

1)   Clostridium spp. 

quadrant paracentesis has been unsuccessful. 

–  Tests are available for the determination 

ii)  Diagnostic peritoneal lavage is more sensitive 

of fecal enterotoxin ( Clostridium perfrin-

than paracentesis in the diagnosis of abdomi-

 gens)  and  toxin  ( Clostridium  difficile) 

nal disease. 

quantification. 

iii)  Procedure

–  Submit 0.5–1.0 g of feces. 

1)  Local and systemic sedation and analgesia 

–  May  be  considered  useful  in  cats  with 

are indicated (e.g., lidocaine 1%, butorph-

acute  onset  hemorrhagic  diarrhea,  diar-

anol  0.25–0.5 mg/kg,  and  diazepam 

rhea  developing  during  hospitalization, 

0.25–0.5 mg/kg). 

or diarrhea in which another cause can-

2)  Clip and aseptically prepare an area approx-

not be identified. 

imately  10 cm × 10 cm  centered  on  the 

2)   Tritrichomonas

umbilicus. 

–  A  commercially  available  culture  pouch 

3)  Place animal in lateral recumbency. 

(InPouch,  Biomed  Diagnostics,  White 

4)  Gently  insert  a  20–22- gauge,  over- the- 

City Oregon) is available that specifically 

needle catheter or peritoneal dialysis cath-

augments  the  growth  of   Tritrichomonas 

eter  into  the  abdominal  cavity  near  the 

 spp.  This  technique  has  been  shown  to 

umbilicus and direct the catheter caudally. 

increase the diagnostic yield compared to 

5)  If no fluid is noted after removal of the sty-

direct wet mounts. 

let, infuse sterile, warmed crystalloid fluid 
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(20–22 ml/kg) over approximately 5 minutes; 

iii)  Cobalamin (vitamin B12)

remove catheter. 

1)  0.5 ml  fasting  nonhemolyzed  serum.  No 

6)  Roll the animal from side to side and gently 

special handling. 

massage the abdomen to help distribute the 

2)  Cobalamin is a vitamin absorbed in the dis-

lavage fluid throughout the abdomen. 

tal small intestine (specifically in the ileum). 

7)  Repeat  a  simple  or  four- quadrant 

3)  A decreased value may be seen in cats with 

paracentesis. 

small  intestinal  bacterial  overgrowth,  dis-

g)  Abdominal ultrasound

eases  affecting  the  distal  small  intestine, 

i)  An  abdominal  ultrasound  is  an  invaluable 

and exocrine pancreatic insufficiency. 

imaging modality in cats with gastrointestinal 

iv)  Folate

abnormalities.  Considerable  expertise  and 

1)  0.5 ml  fasting  nonhemolyzed  serum.  No 

experience  are  required  to  properly  perform 

special handling. 

and interpret abdominal ultrasonography. The 

2)  Folate  is  absorbed  in  the  proximal  small 

use of abdominal ultrasonography in the emer-

intestine. 

gency room setting is usually limited to identi-

3)  Folate may be produced by bacteria, and the 

fication  of  abnormal  fluid  accumulation. 

serum folate concentration may be increased 

Studies  have  shown  that  minimal  training  is 

with small intestinal bacterial overgrowth. 

necessary  in  order  to  become  proficient  at 

4)  Serum folate concentration may be decreased 

detecting free abdominal fluid. 

in cats with abnormalities in small intestinal 

ii)  It may be used to evaluate the architecture and 

absorption. 

size of the abdominal viscera, identify and pro-

v)  Bile acids

cure samples of abdominal fluid, and aid in the 

1)  The bile acids are secreted in the bile pri-

diagnosis of many abdominal diseases. 

marily  to  facilitate  fat  absorption  and  are 

iii)  May be used alone or in combination with sur-

subsequently reabsorbed in the ileum and 

vey abdominal radiographs to confirm a gastro-

transported in the portal blood to the liver, 

intestinal foreign body or obstruction. 

where  they  are  extracted  by  hepatocytes 

h)  Specific blood tests

and resecreted in bile. 

i)  Serum trypsin- like immunoreactivity (fTLI)

2)  The fasting serum total bile acid concentra-

1)  Species- specific— 0.5 ml fasting (12–18 hours) 

tion  is  a  reflection  of  the  efficiency  and 

nonhemolyzed serum. 

integrity of the enterohepatic circulation. 

2)  This  assay  detects  both  trypsinogen  and 

3)  Pathology  of  the  hepatobiliary  system  or 

trypsin, but trypsin should only be present 

the  portal  circulation  results  in  increased 

in  the  serum  when  there  is  pancreatic 

serum bile acids prior to the development 

inflammation. 

of hyperbilirubinemia. 

3)  A low value ( 8.0 μg/l) is diagnostic for exo-

4)  In  the  absence  of  hyperbilirubinemia, 

crine pancreatic insufficiency. 

serum bile acids are a sensitive and specific 

4)  Serum  TLI  is  increased  in  approximately 

measure of hepatobiliary function. 

30–40% of cats with pancreatitis. 

vi)  Serum albumin

5)  Serum  TLI  may  be  increased  with  small 

1)  Albumin  may  be  reduced  with  decreased 

intestinal  disease  and  severely  decreased 

production or increased loss. 

renal function. 

2)  Cats with protein- losing enteropathies may 

ii)  Feline pancreatic lipase immunoreactivity

have a decreased albumin. 

1)  Species- specific— 0.5 ml fasting (12–18 hours) 

vii)  Serum globulins

nonhemolyzed  serum.  No  special  handling 

1)  Globulins  may  be  decreased  in  cats  with 

needed  (Texas  A&M  GI  Lab,  College 

protein- losing enteropathies. 

Station, TX). 

2)  Globulins  may  be  increased  in  cats  with 

2)  This assay detects lipase specifically released 

infectious,  inflammatory,  or  neoplastic 

from the pancreas. 

diseases. 

3)  The most sensitive and specific test for diag-

i)  Endoscopy

nosing feline pancreatitis

i)  Indicated for the evaluation of chronic gastro-

4)  An  elevated  value  (>12 μg/l)  is  consistent 

intestinal  diseases,  which  can  cause  chronic 

with pancreatitis. 

vomiting,  chronic  diarrhea,  melena,  weight 
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–  Left cranial quadrant. 

may include inflammatory bowel disease, gas-

–  Left caudal quadrant. 

trointestinal neoplasia, ulcers, lymphangiecta-

k)  Abdominal fluid analysis

sia, and foreign bodies. 

i)  Assess packed cell volume (PCV), total protein 

ii)  May be used for removal of esophageal and gas-

(TP), and total nucleated cell count (TNCC). 

tric foreign bodies

1)  Transudate:  TNCC  <1500  cells/μl,  TP 

j)  Abdominocentesis

<2.5 g/dl. 

i)  Indicated  in  any  cat  with  an  abdominal  effu-

2)  Modified  transudate:  TNCC  1000–7000 

sion of unknown etiology. 

cells/μl, TP 2.5–7.5 g/dl. 

ii)  Abdominocentesis   may  be  contraindicated 

3)  Exudate: TNCC >5000 cells/μl, TP >3.0 g/dl 

with a suspected increased bleeding problem. 

(Table 18.1). 

iii)  Greater than 5 ml/kg needed for successful tap 

ii)  Perform  aerobic  and  anaerobic  bacterial  cul-

using a single- hole needle or catheter. 

ture as indicated. 

iv)  Increased yield with ultrasound guidance. 

iii)  Cytology

v)  Paracentesis

1)  Cytologic evaluation involves a subjective 

1)  The cat is placed in lateral recumbency and 

description of fluid, determination of the 

the area clipped and aseptically prepared. 

type  of  inflammatory  infiltrate,  presence 

2)  20–22- gauge  hypodermic  needle  or  over- 

and degree of nuclear degeneration/toxic-

the- needle catheter is gently inserted near 

ity  and  microorganisms,  plant  or  food 

the umbilicus. 

material,  bile  pigments,  and/or  evidence 

3)  Fluid is allowed to drip into sample tubes or 

of criteria of malignancy. A direct smear is 

gentle aspiration with a syringe. 

often  used  to  gauge  the  cellularity  of  the 

4)  An increased yield can be obtained utilizing 

fluid. In  samples  with  a  low  to  moderate 

a  catheter  with  side  holes  or  a  peritoneal 

cellularity,  examination  of  a  centrifuged 

dialysis catheter. 

sediment  sample  may  increase  the  sensi-

vi)  Four- quadrant paracentesis

tivity  of  detecting  bacteria  or  malig-

1)  Four quadrants are sampled as described in 

nant cells. 

the earlier text for simple abdominocentesis. 

2)  A large number of degenerative neutrophils 

2)  Samples  taken  from  an  imaginary  square 

may indicate a significant inflammatory or 

centered  over  the  umbilicus  with  the  cor-

infection process and should prompt the cli-

ners  of  the  square  being  approximately 

nician  to  consider  exploratory  laparotomy 

4–6 cm from the umbilicus. 

even in the absence of intracellular bacteria. 

–  Right cranial quadrant. 

3)  The  presence  of  intracellular  bacteria 

–  Right caudal quadrant. 

(within  neutrophils  and  macrophages)  is 

Table 18.1  Effusion types. 

Effusion type

Total protein (g/dl)

Total nucleated cell count (cells/μl)

Examples

Transudate

<3.0 g/dl

<1500 cells/μl

Hypoalbuminemia

Right heart failure

Portal hypertension (prehepatic and hepatic)

Neoplasia

Lymphatic obstruction

Modified transudate

3.0–5.0 g/dl

1000–7000 cells/μl

Neoplasia

Chylous effusion

Portal hypertension (posthepatic)

Exudate

>3.0 g/dl

>5000 cells/μl

Pancreatitis, feline infectious peritonitis (FIP), 

uroabdomen, bile peritonitis, neoplasia, septic 

peritonitis
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diagnostic for a septic intra- abdominal pro-

vi)  Potassium measurement

cess,  and  emergency  exploratory  laparot-

1)  In  cats,  potassium  in  the  fluid  >1.9  times 

omy is indicated. 

the serum potassium collected at the same 

4)  Reactive  feline  mesothelial  cells  do  not 

time is supportive of a uroabdomen. 

often  exhibit  cellular  characteristics  of 

2)  This difference is not noted in all patients 

malignancy. Therefore, the presence of cells 

with a uroabdomen. 

with  these  characteristics  should  prompt 

vii)  Glucose measurement

the consideration of a cancerous process. 

1)  A  peritoneal  effusion  with  glucose  levels 

5)  Bile pigments may also be seen on cytologic 

<50 mg/dl  is  suggestive  of  a  septic  perito-

evaluation in cats with bile peritonitis. Bile 

neal effusion. 

pigment may be found either intracellular 

2)  A  blood- to- peritoneal  glucose  difference 

or  extracellular.  Bile  pigment  ranges  in 

>20 mg/dl  is  suggestive  of  a  septic  perito-

color  from  a  dark  yellow  to  green  brown 

neal effusion. 

with Romanowsky- type stains. 

viii)  Lactate measurement

iv)  Bilirubin measurement

1)  The use of peritoneal fluid lactate concen-

1)  A fluid bilirubin concentration >2 times the 

tration and blood- to- fluid lactate difference 

serum bilirubin collected at the same time is 

has not been shown to be accurate in detect-

supportive of a diagnosis of bile peritonitis. 

ing septic peritoneal effusions in cats. 

v)  Creatinine measurement

Note: the clinician should take into account the whole 

1)  An abdominal fluid creatinine >2 times the 

clinical picture (signalment, history, physical examination 

serum creatinine collected at the same time 

findings, and diagnostic results) prior to making a diagno-

is  supportive  of  uroabdomen.  The  serum 

sis.  Caution  should  be  used  against  making  a  diagnosis 

creatinine should be greater than normal. 

based on an isolated parameter or value. Additional studies 

2)  This difference is not noted in all patients 

are needed to further validate the use of glucose and lactate 

with a uroabdomen. 

in the diagnosis of a septic abdomen. 
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General Approach to the Acute Abdomen

 Vincent J. Thawley

UNIQUE FEATURES

● Cats presenting with acute abdominal illness may or may not demonstrate abdominal pain. 



● Point- of- care ultrasound (AFAST) may help in identifying free peritoneal fluid which can be sampled for diagnostic evaluation. 



● Early nutritional support is critical in cats with acute abdominal illness. 

19.1   Introduction

tension, inflammatory mediators, and ischemia. 

These  fibers  mediate  dull  visceral  pain  associ-

Acute  abdomen  refers  to  the  rapid  onset  of  abdominal 

ated with the parenchymal organs of the abdo-

pain. Acute abdomen is most often a sign of significant and 

men.  Visceral  pain  is  poorly  localized,  and 

potentially  life- threatening  abdominal  disease,  but  may 

patients  demonstrating  this  type  of  pain  might 

also be a manifestation of minor intra- abdominal distur-

appear  restless  and  ambulatory  in  an  effort  to 

bances, or even disease outside the abdomen (Box 19.1). 

relieve discomfort. 

The following pages will focus on the pathophysiology of 

iv)  Both Aδ and CPM fibers mediate somatic pain 

abdominal pain as well as physical examination, diagnostic 

arising  from  the  abdominal  wall  or  surgery. 

workup,  differential  diagnoses,  and  emergency  stabiliza-

Somatic pain is a sharp pain that can be localized 

tion and management of the cat with acute abdomen. 

to a specific area and may be immobilizing for 

the patient. 

A) The perception of abdominal pain

v)  Various mechanical forces, inflammatory media-

a)  Stimulation of nociceptors (sensory neurons) in and 

tors,  ischemia,  and  chemical  irritants  can  acti-

around  the  abdominal  wall  or  within  abdominal 

vate nociceptors. 

parenchymal organs is responsible for the initiation 

vi)  Nociception  is  initiated  by  various  stimuli  that 

of abdominal pain. 

activate the peripheral nerve terminals of nocic-

i)  Nociceptors  have  unmyelinated  (C- polymodal 

eptors. Conscious perception of pain will occur 

fiber  [CPM  fiber])  or  thinly  myelinated  (Aδ- 

when action potentials generated in the periph-

fiber) axons that are critical in the perception of 

ery travel via the spinothalamic and spinoreticu-

acute  abdominal  pain  in  patients  with  intra- 

lothalamic  tracts  to  the  thalamic  nuclei  and 

abdominal pathology. 

finally the cerebral cortex. 

ii)  Aδ- fiber nociceptors specialize in the detection 

b)  Referred pain presents as abdominal pain when the 

of  dangerous  mechanical  and  thermal  stimuli, 

source of pain is a site at the periphery that shares a 

such  as  those  associated  with  abdominal  wall 

common nociceptive segment. 

injury or surgery. 

i)  Thoracolumbar  spinal  pain  and  neoplasia  may 

iii)  CPM- fiber  nociceptors  respond  to  strong 

be causes of referred abdominal pain in the feline 

mechanical and chemical stimuli such as stretch, 

patient. 
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Box 19.1  Common Causes of Acute Abdomen in Cats

demonstrate pain on abdominal palpation even in 

Gastrointestinal System

the  presence  of  significant  intra- abdominal 



● Foreign body

disease. 



● Obstruction

i)  Dissemination of abdominal pain



● Perforation

1)  Focal abdominal pain



● Torsion

–  Small bowel obstruction. 



● Ischemia

–  Foreign body. 



● Neoplasia

–  Mild pancreatitis. 



● Gastroenteritis, colitis

–  Intussusception. 



● Intussusception

–  Focal neoplastic disease. 



● Ileus

2)  Regional abdominal pain

–  Pyometra. 

Urogenital System

–  Moderate to severe pancreatitis. 



● Urethral/ureteral obstruction

–  Regional peritonitis. 



● Disruption of ureter, bladder, urethra, renal pelvis

–  Pyelonephritis. 



● Pyelonephritis

3)  Diffuse abdominal pain



● Urolithiasis

–  Generalized peritonitis. 



● Acute kidney injury

–  Generalized neoplastic disease. 



● Neoplasia

–  Diffuse gastroenteritis (for example, feline 



● Pyometra

panleukopenia). 

Peritoneum

ii)  Anatomic location



● Peritonitis

1)  Cranial abdomen



● Hemoperitoneum

–  Hepatobiliary disease. 



● Feline infectious peritonitis

–  Pancreatitis. 



● Disseminated neoplasia

–  Gastric and cranial duodenal disease. 

2)  Midabdomen

Hepatobiliary

–  Splenic disease. 



● Cholangiohepatitis

–  Diseases involving the bowel. 



● Biliary obstruction

3)  Caudal abdomen



● Cholecystitis

–  Genitourinary disease. 



● Neoplasia

–  Conditions affecting the distal colon. 

Pancreatic

4)  Dorsal abdomen/retroperitoneum



● Pancreatitis

–  Renal and ureteral disease. 



● Neoplasia

–  Retroperitoneal disease or injury. 

c)  Miscellaneous physical examination considerations 

Body Wall

for abdominal assessment



● Penetrating injury

iii)  Assessment of organ size and symmetry of bilat-



● Hernia

eral organs (i.e., the kidneys). 

Referred Pain

iv)  Assessment  for  the  presence  of  intra- 



● Intervertebral disc disease

abdominal masses. 



● Spinal neoplasia

v)  Visual inspection



● Pelvic trauma

1)  Abdominal distention. 

2)  Bruising may suggest intra- abdominal disease. 

B)  Complete  physical  examination  of  the  feline  patient 

–  Periumbilical bruising suggests peritoneal 

with acute abdomen is critical to the rapid identifica-

disease  or  injury;  however,  thrombocyto-

tion of specific intra- abdominal injury or disease. 

penia/thrombocytopathia  should  also  be 

a)  Initial evaluation will focus on the major body sys-

considered. 

tems  and  will  trigger  initiation  of  treatment  for 

–  Inguinal or perineal bruising suggests ret-

immediate life- threatening problems. 

roperitoneal  disease  or  injury  or  urethral 

b)  Abdominal  palpation  is  performed  to  localize 

tear/rupture. 

abdominal  pain  and  narrow  differential 

vi)  Gentle ballottement for assessment of a fluid wave. 

[image: Image 70]

[image: Image 71]
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vii)  Other physical considerations

C)  Stabilization of the patient with acute abdomen should 

1)  Oral  examination,  including  assessment  of 

focus on restoring abnormalities identified in the major 

the  sublingual  region  for  a  linear  foreign 

body systems assessment. 

body,  should  always  be  performed 

a)  Vascular access is critical for the delivery of fluids, 

(Figure 19.1a,b). This is best accomplished by 

blood products, and intravenous medications. 

placing  the  index  finger  on  the  mandibular 

i)  Peripheral venous access initially. 

incisors  to  open  the  mouth  while  pushing 

ii)  Central venous access will allow for delivery of 

upward with the thumb in the intermandibu-

nutritional  support,  administration  of  hyperos-

lar space to elevate the tongue. 

molar  solutions  or  drugs  which  might  cause 

2)  Spinal palpation should also be undertaken, 

phlebitis  of  a  peripheral  vessel,  monitoring  of 

as  spinal  pain  is  frequently  mistaken 

central venous pressure (CVP), and the reliable 

for  abdominal  pain  (please  see  in  the 

sampling  of  blood  for  diagnostic  purposes. 

earlier text). 

Placement of a multilumen central venous cath-

3)  Rectal  examination  is  indicated  with  the 

eter  also  allows  for  administration  of  medica-

utilization of a sedative protocol in cats with 

tions  that  would  otherwise  be  incompatible  if 

history and physical examination suggesting 

delivered  through  a  single  catheter  lumen. 

large  bowel  obstruction,  hematochezia,  or 

Assessment  of  primary  and  secondary  hemo-

straining to defecate. 

static potential with PT, aPTT, and platelet count 

should  be  considered  prior  to  central  venous 

catheter placement. 

b)  Blood should be collected for a minimum database 

including  packed  cell  volume,  total  solids,  venous 

blood  gas,  electrolytes,  blood  glucose,  and  blood 

urea nitrogen (BUN). 

c)  Blood  may  also  be  collected  for  a  complete  blood 

count,  serum  biochemical  profile,  blood  type,  and 

coagulation profile. 

i)  It is not necessary to run all of these samples on 

every  patient;  however,  early  sample  collection 

prevents the need for repeated venipuncture and 

minimizes patient discomfort. 

d)  Urine should be collected via cystocentesis early in 

a

the course of therapy. 

i)  Urine- specific gravity is most useful prior to the 

initiation  of  fluid  therapy  to  assess  urine- 

concentrating ability. 

ii)  A urine sample should be saved for culture prior 

to the institution of antibiotic therapy. 

iii)  Caution using cystocentesis in potentially coagu-

lopathic cats. 

e)  The fluid therapy plan should initially be focused on 

restoring  intravascular  volume  deficits.  The  fluid 

therapy plan may later focus on rehydration, main-

tenance, and management of ongoing fluid losses. 

For  a  more  in- depth  discussion  of  fluid  therapy, 

please refer to Chapter 8— Fluid Therapy. 

b

f)  Intravenous antibiotics should be instituted as soon 

as possible, and within one hour, of recognition of 

Figure 19.1  (a) Technique for evaluation of the sublingual 

sepsis or septic shock. 

region in a cat. Place the index finger on the mandibular incisors 

i)  Current  evidence  in  human  literature  suggests 

to open the mouth while pushing upward with the thumb in the 

intermandibular space to elevate the tongue. (b) Linear foreign 

that for patients with sepsis or septic shock, each 

body anchored under the tongue in a cat. 

hour  of  delay  in  administration  of  appropriate 

[image: Image 72]
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antimicrobial  therapy  is  associated  with  an 

1)  A site that is 1–2 cm caudal to the umbilicus 

increase in mortality. 

and  1–2 cm  left  of  midline  is  chosen  for 

ii)  Fluid or tissue samples for culture and cytology 

sampling. 

should  be  obtained  prior  to  the  institution  of 

2)  Abdominocentesis is performed using a nee-

antibiotic  therapy  if  possible.  However,  antibi-

dle and syringe advancing in 1–2- mm incre-

otic therapy should not be delayed if said sam-

ments  in  a  direction  perpendicular  to  the 

ples  cannot  be  easily  acquired  (see  in  the 

skin,  the  subcutaneous  tissues,  and  the 

following text). 

abdominal wall. 

iii)  Empiric  antibiotic  therapy  should  be  based  on 

3)  The  syringe  should  be  aspirated  intermit-

underlying disease process, cytological examina-

tently, as it is advanced through the body wall. 

tion  of  infected  fluids  and  tissues,  and  Gram 

4)  Abdominal fluid sample handling

staining of these specimens. 

–  Aliquot placed in EDTA tube for cytologi-

iv)  Broad- spectrum  antibiotic  therapy  is  indi-

cal analysis. 

cated for initial treatment of sepsis and septic 

–  Aliquot placed in a tube for serum determi-

shock, with therapy ideally narrowed based on 

nation (red top) chemical analysis if desired. 

results  of  culture  and  susceptibility  testing 

–  Aliquot placed in sterile tube and saved for 

when available. 

culture  if  indicated  based  on  cytological 

D) Abdominal  effusion  is  a  common  clinical  finding  in 

analysis or chemical analysis. 

cats presenting with acute abdomen. Retrieval of fluid 

–  Aliquot of hemorrhagic samples placed in 

from the abdomen for subsequent analysis and culture 

serum tube to evaluate for clotting. Samples 

is  essential  for  accurate  determination  of  the  disease 

retrieved from the abdominal cavity (rather 

etiology. Fluid cytology and analysis provide informa-

than the spleen or other vascular structure) 

tion that is essential in determining whether medical or 

will  generally  not  clot  unless  the  hemor-

surgical management is most appropriate. 

rhage is peracute. 

a)  The  accumulation  of  abdominal  effusion  is  the 

ii)  When  single- quadrant  abdominocentesis  is 

result  of  changes  in  Starling’s  forces,  lymphatic 

unsuccessful,  four- quadrant  abdominocentesis 

drainage, or, most often, a combination thereof. 

may be performed. 

b)  A  sample  of  abdominal  fluid  may  be  obtained 

1)  This procedure involves performing abdomi-

through  abdominocentesis,  ultrasound- guided 

nocentesis in four locations: at a distance of 

abdominocentesis,  or  diagnostic  peritoneal  lav-

1–2 cm cranial to and caudal to the umbilicus, 

age (DPL). 

abdominocentesis is performed 1–2 cm lateral 

i)  To  obtain  a  sample  of  abdominal  effusion 

to midline on the right and left sides. 

through abdominocentesis, the patient should be 

iii)  Ultrasonography may be used for the identifica-

placed  in  left  lateral  recumbency,  clipped,  and 

tion and retrieval of abdominal fluid accumula-

aseptically prepared (Figure 19.2). 

tions. An abdominal FAST (focused assessment 

with  sonography  for  trauma)  scan  can  be  per-

formed  relatively  quickly  to  image  four  quad-

rants  with  both  longitudinal  and  transverse 

views (Figures 19.3 and 19.4). 

1)  Diaphragmatico- hepatic (DH) view: the sub-

xiphoid region. 

2)  Hepato- renal (HR): the right flank. 

3)  Spleno- renal (SR): the left flank. 

4)  Cysto- colic (CC): caudal midline over the uri-

nary bladder. 

iv)  Severely  dehydrated  or  hypovolemic  patients 

with a small volume of abdominal effusion may 

develop  a  larger  volume  of  effusion  once  fluid 

resuscitated, which may facilitate retrieval of a 

diagnostic fluid sample. 

v)  Diagnostic peritoneal lavage can be considered if 

Figure 19.2  Abdominocentesis in a cat. 

ultrasound is not readily available or if attempts 

[image: Image 73]
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at  fluid  retrieval  via  abdominocentesis  are 

unsuccessful. 

1)  This procedure is performed with the patient 

heavily sedated and in dorsal recumbency. 

2)  The urinary bladder should be emptied man-

ually or with a urinary catheter to minimize 

the likelihood of inadvertent puncture. 

3)  The  abdomen  is  aseptically  prepared  and  a 

local  anesthetic  (lidocaine)  is  infused  just 

caudal to the umbilicus to include all planes 

of the body wall. 

4)  A  1–2- cm  skin  incision  is  made,  and  blunt 

dissection is performed to allow visualization 

of the linea alba (Figure 19.5a,b). 

5)  The linea is grasped with forceps and a 0.5- cm 

Figure 19.3  Evaluation of the diaphragmatico- hepatic view in the cat using ultrasonography for the identification of peritoneal 

stab incision is made into the abdomen with 

fluid accumulations. 

the sharp edge of the blade pointing outward 

(Figure 19.5c,d). 

6)  A  peritoneal  dialysis  or  other  multifenes-

trated catheter is placed and directed toward 

the pelvic inlet (Figure 19.5e). 

7)  Free- flowing fluid may be collected from the 

catheter  or  a  syringe  may  be  attached  to 

retrieve a fluid sample (Figure 19.5f). 

8)  With this catheter in place, DPL may be per-

formed  in  cats  suspected  to  have  focal 

abdominal effusion and in which the afore-

mentioned  techniques  are  unsuccessful  in 

retrieving a fluid sample. DPL may be more 

DH View

sensitive  than  blind  abdominocentesis  for 

the  detection  of  intra- abdominal  disease, 

SR 

particularly when only small volumes of free 

HR 

Vie

peritoneal fluid are present. In DPL, lavage 

Vie

w

fluid contacts all peritoneal surfaces and the 

w

fluid  retrieved  is  representative  of  what  is 

happening  throughout  the  peritoneum 

(Figure 19.5g). 

CC View

9)  DPL  utilizes  warm  0.9%  sodium  chloride 

(20–22 ml/kg)  that  is  introduced,  and  then 

collected  through  a  peritoneal  dialysis 

catheter. 

10)  The  collected  fluid  sample  will  be  diluted, 

which  will  preclude  significant  biochemical 

testing. 

E)  Cytological and chemical fluid analysis should be con-

ducted on abdominal fluid samples. 

a)  Characterization  of  the  fluid  sample  through  total 

cell count and total protein concentration in concert 

Figure 19.4  Longitudinal and transverse ultrasonographic 

with cytological evaluation can aid in the diagnosis 

images may be collected in the diaphragmatico- hepatic (DH), 

of underlying illness. 

spleno- renal (SR), hepato- renal (HR), and cysto- colic (CC) regions for the identification of intra- abdominal fluid accumulations. 

i)  A  transudate  contains  less  than  1000  cells/μl 

 Source: Photo courtesy of Dr. David Holt. 

and  less  than  2.5 g/dl  protein.  Transudates 
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g

Figure 19.5  (a)–(g) Steps for diagnostic peritoneal lavage. The patient is positioned in ventrodorsal recumbency and the head is located to the right. Please refer to p. 189 for a description of these procedures. 
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accumulate  in  response  to  changes  in  hydro-

presence  of  phagocytosed  bacterial  agents  is 

static  pressure  or  colloid  osmotic  pressure. 

critical in making this diagnosis. 

Transudates  are  associated  with  hypoproteine-

iii)  Acute  septic  peritonitis  is  always  a  surgical 

mia,  or  lymphatic  or  venous  congestion. 

emergency and should proceed following rapid 

Transudates  are  not  generally  associated  with 

medical stabilization. 

acute  abdominal  pain  unless  associated  with 

iv)  The  presence  of  gold- green- blue  phagocytosed 

acute portal hypertension. 

bile pigment may be noted in abdominal effusion 

ii)  A  modified  transudate  contains  greater  than 

associated with bile peritonitis. Bile peritonitis is 

1000 but less than 5000 cells/μl and/or a protein 

relatively uncommon in cats. 

concentration  greater  than  2.5 g/dl.  Modified 

F)  Biochemical analysis of undiluted abdominal effusion 

transudates may result from the chronic transu-

is an important diagnostic tool to aid in the identifica-

dation of fluid and increased venous hydrostatic 

tion of the origin of the cause of acute abdominal ill-

pressure.  Modified  transudates  may  be  associ-

ness.  Results  of  biochemical  analysis  of  abdominal 

ated with cardiac disease, vascular insult, inflam-

fluid should always be interpreted in concert with cyto-

mation  or  torsion  of  an  organ,  neoplasia,  and 

logical findings. 

leakage  of  a  sterile  irritant  such  as  urine. 

a)  The diagnosis of uroperitoneum can be made based 

Mesothelial  cells  and  non- degenerate  neutro-

on evaluation of the ratio of abdominal fluid creati-

phils  represent  the  predominant  cell  types  in 

nine  and  potassium  concentration  to  that  of  the 

these effusions. 

peripheral blood. 

iii)  An exudate contains greater than 5000 cells/μl 

i)  A creatinine level of the abdominal fluid twice 

with  greater  than  3.0 g/dl  protein.  Exudates 

that of peripheral blood is a highly sensitive and 

accumulate in association with chemotaxis of 

specific indicator of uroperitoneum. 

inflammatory  cells,  altered  vascular  permea-

ii)  A  potassium  concentration  of  the  abdominal 

bility, organ inflammation, leakage of plasma 

fluid  1.9  times  greater  than  that  of  peripheral 

proteins, rupture of a visceral organ or vessel, 

blood is also supportive of uroperitoneum in cats. 

exfoliation  of  neoplastic  cells,  leakage  of 

iii)  A  positive  diagnosis  of  uroperitoneum  should 

chylous fluid, and leakage of bile or urine. Any 

prompt  further  diagnostic  testing  through  con-

cell  type  may  be  present;  however,  exudates 

trast radiography or fluoroscopy to determine the 

typically  contain  a  high  number  of 

site of urine leakage. 

neutrophils. 

1)  A  retrograde  urethrocystogram  will  identify 

iv)  A septic effusion is exudative due to the presence 

urethral or bladder disruption. 

of  bacterial  agents.  Septic  fluid  contains  an 

2)  An  excretory  urogram  will  identify  kidney, 

increased  number  of  neutrophils  and  mac-

renal  pelvis,  ureteral,  and  possibly  bladder 

rophages  with  free  and  phagocytosed  bacteria. 

disruption.  Patients  should  be  volume- 

There  are  numerous  causes  for  septic  effusion, 

resuscitated  prior  to  intravenous  iodinated 

including abdominal wall penetration or rupture 

contrast  agent  administration.  Prolonged 

of a visceral organ, internal abscessation, hema-

renal  excretion  of  contrast  media  has  been 

togenous spread, or surgical entry. 

associated  with  renal  injury  in  humans; 

b)  Direct smears of the fluid sample may be diagnostic; 

therefore, excretory urography should be con-

however, centrifugation with subsequent cytological 

sidered cautiously in patients with evidence 

examination  will  allow  the  clinician  to  review  a 

of dehydration and azotemia. 

greater number of nucleated cells. 

–  An  enema  to  empty  the  large  bowel  will 

c)  Cytological  evaluation  can  aid  in  the  differentia-

facilitate  visualization  of  the  ureters  and 

tion between septic and nonseptic peritonitis, and 

ureterovesical  junction.  This  may  or  may 

is  the  test  of  choice  for  diagnosing  acute  septic 

not be feasible in the critically ill patient. 

peritonitis. 

–  Water- soluble,  sterile  iodinated  contrast 

i)  Causes  of  nonseptic  peritonitis  in  cats  include 

agent equivalent to 600–700 mg iodine/kg 

feline  infectious  peritonitis  (FIP),  pancreatitis, 

body  weight  is  injected  intravenously. 

neoplasia,  bile  peritonitis,  uroperitoneum,  and 

Nonionic  agents  are  preferred  due  to  a 

hemorrhage. 

lower incidence of side effects. 

ii)  Cytological evaluation is considered to be 57–87% 

–  Right  lateral  and  ventrodorsal  (VD)  radio-

diagnostic  for  acute  septic  peritonitis.  The 

graphs  are  taken  at  times  0,  5,  20,  and 

192  General Approach to the Acute Abdomen 40 minutes. Oblique views at 20 and 40 min-b)  Abdominal radiography is a valuable tool for evalua-

utes may facilitate visualization of the ureters. 

tion of cats with acute abdominal pain, particularly 

–  Creating a pneumocystogram will facilitate 

when ultrasound is not available. It is important that 

visualization of ureters emptying into the 

image quality allows for the assessment of all intra- 

bladder. 

abdominal structures and the surrounding tissues. 

–  Side effects of administration of iodinated 

c)  A  significant  percentage  of  cats  presenting  with 

contrast  medium  include  hypotension, 

acute  abdomen  have  ingested  foreign  material. 

vomiting, hives, and acute renal failure. 

When ultrasound is not available, an upper gastroin-

b)  The  ratio  of  bilirubin  concentration  of  abdominal 

testinal study can be considered to rule out gastric 

effusion  to  peripheral  blood  may  be  useful  in  the 

and small bowel obstruction. 

diagnosis of bile peritonitis. 

i)  30% barium- sulfate suspension can be adminis-

i)  A ratio greater than 2.0 may be a sensitive indica-

tered via nasogastric tube at a dose of 10 ml/kg in 

tor of bile peritonitis. However, further investiga-

cats with no evidence of gastrointestinal disrup-

tion is warranted to identify the overall utility of 

tion. In cases where gastrointestinal perforation 

this ratio. 

is suspected, an iodinated contrast medium may 

c)  The  measurement  of  glucose  gradients  between 

be used at a dose of 2 ml/kg diluted in 8 ml/kg of 

abdominal fluid and blood has been found to be a 

water. However, if gastrointestinal disruption is 

quite sensitive (86%) and highly specific (100%) test 

suspected,  an  indication  for  surgery  may  be 

for the diagnosis of septic peritonitis in cats. 

sought through acquisition of abdominal fluid. 

i)  An abdominal fluid glucose 20 mg/dl lower than 

1)  Lateral  and  ventrodorsal  radiographic  views 

blood glucose in the cat supports a diagnosis of 

may  be  taken  at  0,  15,  30,  60,  90,  120,  or 

septic  peritonitis.  This  has  been  demonstrated 

180 minutes after administration. 

when  glucose  concentrations  were  measured 

2)  Normal  gastrointestinal  transit  time  is  any-

with a VetTest 8008 Analyzer (Idexx Laboratories 

where  from  1  to  2  hours  in  cats,  but  can  be 

Inc., Westbrook, ME) and has not been demon-

increased to 3–4 hours (but can vary depending 

strated with the use of glucometers or other labo-

on  other  factors  [see  Chapter  18— Diagnostic 

ratory equipment used for chemistry and blood 

Evaluation of Gastrointestinal Conditions]). 

gas analysis. It should be noted that highly cel-

d)  Thoracic  radiography  is  indicated  in  any  patient 

lular nonseptic abdominal fluids may also dem-

with acute abdomen in concert with history or phys-

onstrate  a  large  glucose  gradient  (>20 mg/dl). 

ical  evidence  of  cardiorespiratory  disease  or 

Further evaluation of animals with highly cellu-

decreased oxygen indices. 

lar nonseptic effusions will be beneficial to defin-

i)  Due to the high incidence of cardiomyopathy in 

itively evaluate the utility of the glucose gradient 

the cat population, thoracic radiographs and/or 

for the diagnosis of septic peritonitis. A defini-

echocardiogram  may  be  indicated  in  cats  pre-

tive  diagnosis  of  septic  peritonitis,  however, 

senting with acute abdomen and critical illness 

should  be  based  on  integration  of  cytological, 

because of the fluid loading that is often neces-

biochemical, and imaging findings. 

sary in this patient population. 

G) Diagnostic imaging is a valuable resource for identifica-

ii)  Acute lung injury (ARDS) can occur secondary 

tion of the underlying cause of acute abdomen in cats. 

to  numerous  conditions  associated  with  acute 

Prior to any imaging, the patient should be stable, calm, 

abdomen. 

and pain- free. 

iii)  Thoracic radiographs should be evaluated for evi-

a)  Abdominal  ultrasound  is  a  useful  modality  in  the 

dence of neoplastic disease in all geriatric patients. 

search for an underlying cause of acute abdomen in 

H) Abdominal exploration is often the definitive diagnos-

the cat, as it allows for an assessment of organ size 

tic and therapeutic tool for the feline patient with acute 

and structure, gastrointestinal motility, and identifi-

abdomen (Box 19.2). 

cation of small quantities of free fluid which might 

a)  Surgical  exploration  is  indicated  based  on  a  pre-

be  sampled  for  diagnosis.  Ultrasound  has  been 

sumptive  diagnosis  through  findings  from  history, 

found to have a high sensitivity and specificity for 

physical examination, and diagnostic testing. 

the diagnosis of gastrointestinal obstruction. 

i)  When a diagnosis has not been established, sur-

i)  The  diagnostic  utility  of  ultrasound  is  very 

gical  exploration  is  indicated  in  patients  with 

operator- dependent,  and  misdiagnosis  is  com-

persistent symptoms of acute abdominal pain. 

mon  when  performed  by  individuals  without 

ii)  Grossly “negative” abdominal exploration may have 

appropriate training and experience. 

important diagnostic value after biopsies are taken. 
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Box 19.2  Common Surgical Conditions Associated 

with Acute Abdomen in Cats



● Gastrointestinal (GI) foreign body



● Intussusception



● Gastrointestinal perforation



● Biliary obstruction



● Septic peritonitis



● Hemoperitoneum



● Uroperitoneum



● Pyometra



● Penetrating injury



● Body wall hernia/disruption

a



● Abdominal neoplasia

iii)  Problems  identified  during  abdominal  explora-

tion may be definitively treated. Due to the high 

incidence  of  infiltrative  small  bowel  disease  in 

the feline population, biopsies should be taken of 

all  grossly  abnormal  tissues  and  of  all  small 

bowel segments in cats with a history of vomit-

ing  and  diarrhea  without  an  obvious  cause. 

Mesenteric lymph- node biopsies should also be 

performed in these patients. 

iv)  Biopsies of the large bowel are indicated only in 

patients  with  gross  evidence  of  pathology  or  a 

history of large bowel disease such as large bowel 

diarrhea. 

b

b)  Evaluation  of  a  patient  with  any  wounds  over  the 

abdomen should always include surgical exploration 

Figure 19.6  (a) and (b) T- fluted closed suction drain. 

 Source: Blake Drain; Ethicon, Inc., Somerville, NJ. 

of those wounds following abdominal radiography 

or ultrasound. 

i)  Wound probing with a blunt instrument is not an 

may  require  ongoing  drainage,  the  infected 

accurate  tool  for  identifying  penetrating  injury 

nature  of  penetrating  wounds  makes  early 

because of the ability of skin and subcutaneous 

drainage important. Drains may be removed 

and  body  wall  muscle  layers  to  move  over  one 

when  abdominal  fluid  production  decreases 

another. 

to <5–7 ml/kg/day. 

ii)  All  bite  wounds  should  be  surgically  explored 

4)  External  wounds  are  then  definitively  man-

(and opened) to facilitate adequate exposure for 

aged. Definitive management includes debride-

complete exploration, debridement, lavage, and 

ment, lavage, and establishment of drainage. 

establishment of drainage. 

iv)  Nonpenetrating  wounds  may  result  in  severe 

iii)  Wounds  that  penetrate  the  abdominal  cavity 

intra- abdominal injury from crushing and shear-

warrant  ventral  midline  abdominal  exploration 

ing injury. A proactive philosophy to approach-

from xiphoid to pubis. 

ing  these  patients  is  important.  Cats  will  not 

1)  Intra- abdominal  injuries  are  identified  and 

experience  serious  morbidity  from  a  negative 

treated. 

abdominal exploration; however, failure to iden-

2)  Body  wall  repairs  are  performed  from  the 

tify serious intra- abdominal injury can result in 

abdomen. 

serious morbidity or mortality. 

3)  Aggressive  lavage  is  performed,  culture  is 

c)  Analgesia  is  an  important  consideration  for  cats 

taken,  and  closed  suction  drainage  (Blake 

with acute abdominal pain (Figure 19.7). 

Drain;  Ethicon  Inc.,  Somerville,  NJ; 

i)  Appropriate analgesia will facilitate both diagnos-

Figure  19.6a,b)  is  established  in  all  cases  of 

tics and therapeutics (see Chapter 7— Analgesia 

penetrating  injury.  Although  not  all  cases 

in the Critically Ill Cat). 

[image: Image 84]
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Acute abdominal pain

Figure 19.7  Approach to acute abdomen. 

Assess and stabilize patient

Analgesia

Collect blood and urine, AFAST

No effusion: Abdominal imaging

Effusion present: Sample and

(ultrasound vs. radiographs)

analyze

Definitive diagnosis

No definitive diagnosis

Treat as indicated

Consider:

Diagnostic peritoneal lavage

Contrast study

Exploratory laparotomy

d)  Early enteral nutritional support is important to rap-

lower  complication  rate.  These  tubes  are 

idly meet caloric needs in critically ill patients (see 

excellent for longer- term nutritional support. 

Chapter 9— Nutritional Support for the Critically Ill 

iii)  Gastrostomy tubes offer a means of both feeding 

Feline Patient). 

and gastric decompression. 

i)  Anesthesia events common to the management 

iv)  Nasojejunal, jejunostomy, or gastrojejunal tubes 

of cats with critical illness offer the opportunity 

bypass  the  stomach  and  can  be  considered  in 

for the placement of nasoesophageal, esophago-

patients  with  persistent  vomiting  (such  as  in 

stomy, gastrostomy, nasojejunal, gastrojejunal, 

cats  with  pancreatitis)  or  decreased  gastric 

or surgical jejunostomy feeding tubes. 

motility. 

ii)  Nasoesophageal/nasogastric, esophagostomy, or 

gastrostomy  tubes  are  good  choices  for  feline 

patients that are not vomiting. 

19.2   Summary

1)  Nasoesophageal or nasogastric tubes are quick 

and easy to place and are excellent for short- 

Acute abdomen is a common clinical complaint identified 

term nutritional support in the feline patient. 

in  feline  patients.  Successful  management  results  from 

2)  Esophagostomy tubes are preferred to endo-

rapid stabilization of major body systems, early identifica-

scopic gastrostomy tubes due to a perceived 

tion of underlying disease, and timely definitive therapy. 
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Management of Specific Gastrointestinal Conditions

 Mark P. Rondeau

UNIQUE FEATURES



● The feline esophagus differs from the canine esophagus in that there is smooth muscle in the distal 1/2 to 1/3 of the feline esophagus (the dog esophagus is composed entirely of skeletal muscle). 



● Esophageal hairball foreign bodies occur more commonly in cats compared with dogs. 



● Megaesophagus and gastric ulceration are uncommon in cats, unlike dogs. 



● Linear foreign bodies are somewhat common in cats. The area under the tongue should be consistently evaluated in acutely vomiting or anorexic cats. Additionally, string foreign bodies can be found protruding from the anus. Passage this far does not assure absence of gastrointestinal (GI) obstruction and the necessity for surgery. 



● Inflammatory bowel disease (IBD) and small cell gastrointestinal lymphoma can be difficult to differentiate in cats with chronic gastrointestinal disease. 



● Triaditis (concurrent pancreatitis, inflammatory bowel disease, and cholangitis/cholangiohepatitis) occurs in cats, potentially related to their unique anatomy in which the common bile duct and pancreatic duct enter the duodenum via a shared opening on the major duodenal papilla. 



● Nearly 2/3 of cases of obstipation in cats are caused by idiopathic megacolon. 



● Clinical signs of pancreatitis in cats can be vague, with anorexia and lethargy being most common. In contrast to dogs, vomiting and abdominal pain are uncommon in cats with pancreatitis, being present in fewer than 40%. 



● Anorexic cats are predisposed to the development of hepatic lipidosis (HL); this is especially true of obese cats. 



● Ptyalism is a common sign of hepatic encephalopathy (HE) in cats. 

A)  Oral cavity disease

ii)  Physical exam to try to identify if localized dis-

a)  Key points

ease or oral manifestation of systemic disease, 

i)  Common problem in cats; clinical signs sugges-

as well as a careful oral exam to identify and 

tive of oral cavity disease include decreased appe-

describe all inflamed areas. 

tite,  dropping  food,  chewing  to  one  side  of  the 

iii)  Sedation  may  be  necessary  to  perform  thor-

mouth, food aversion, oral bleeding, and halitosis. 

ough physical examination, and will allow cli-

ii)  Differential diagnoses include severe periodon-

nician to obtain samples to aid in diagnosis. 

tal disease, stomatitis, resorptive lesions, eosino-

iv)  Blood  work  to  identify  underlying  causes 

philic  granuloma  complex,  immune- mediated 

including:  complete  blood  count  (CBC)  for 

diseases (rare in cats), infectious diseases (calici-

leukocytosis with chronic infection or inflam-

virus is common), uremia (lingual ulceration), 

mation  and  eosinophilia  with  eosinophilic 

neoplasia  (squamous  cell  carcinoma  is  most 

granuloma complex; serum chemistry and uri-

common),  nutritional  disorders,  toxic/caustic, 

nalysis  for  azotemia/uremia;  feline  leukemia 

and trauma (including foreign bodies and elec-

virus  (FeLV)/feline  immunodeficiency  virus 

trical cord burns). 

(FIV)  testing;  polymerase  chain  reaction 

b)  Diagnostics

(PCR) for calicivirus. 

i)  Due to the wide variety of causes, a detailed his-

v)  Cytology or histopathology of oral samples. 

tory  including  onset  and  duration  must  be 

vi)  Dental radiographs to assess alveolar bone and 

evaluated. 

possible tooth resorption. 
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gastric  contents  pooling  in  the  esophagus 

and metastatic potential of neoplastic lesions. 

during  general  anesthesia,  hiatal  hernia, 

c)  Treatment (see Table 20.1 for drug information)

megaesophagus, pressure necrosis secondary 

i)  Identification of primary cause necessary for 

to  foreign  bodies,  calicivirus,  and  medica-

appropriate long- term therapy. 

tions (doxycycline, clindamycin, etc.). 

ii)  Adequate  nutrition  and  hydration  must  be 

ii)  Esophageal obstruction

managed— soft  foods,  vitamin  supplementa-

1)  Foreign  body,  stricture,  external  compres-

tion, and fluid therapy. Additional conservative 

sion  (mediastinal  mass,  tracheobronchial 

therapeutics  include  full  dental  prophylaxis, 

lymphadenopathy,  and  other),  neoplasia, 

followed with daily oral antiseptic rinses, fluo-

and  persistent  right  aortic  arch  (or  other 

ride gel, lidocaine gel, and wax coatings. 

vascular ring anomaly). 

iii)  Feeding- tube  placement  indicated  for  severe 

iii)  Esophageal motility disorder (megaesophagus)— 

inflammation, pain, or prolonged anorexia. 

rare in cats

iv)  Antibiotic  therapy  to  control  secondary 

1)  Congenital (Siamese cats). 

infections (clindamycin 5–11 mg/kg PO q12h); 

2)  Acquired 

secondary— neurologic 

or 

bacteria are rarely primary causes. 

neuromuscular 

disease, 

esophagitis, 

v)  Oral antibacterial agents such as chlorhexidine 

paraneoplastic,  toxins  (lead,  organophos-

gluconate  (0.12%  PO  q8–12h)  can  decrease 

phates, etc.), and botulism. 

bacterial load to aid healing. 

3)  Acquired idiopathic. 

vi)  Immunosuppressive therapy (such as predni-

c)  Diagnostics

solone  1 mg/kg  PO  q12h)  is  indicated  for 

i)  Radiographs  (cervical  and  thoracic)  are 

eosinophilic granulomas and severe stomatitis. 

sufficient for megaesophagus and some foreign 

vii)  Treatment  for  allergic  disease  with  eosino-

bodies;  also  helpful  to  monitor  for  common 

philic granuloma may include hypoallergenic 

associated  conditions  such  as  aspiration 

diet trials and effective flea control. 

pneumonia or neoplasia. 

viii)  Pain  management  is  important  with  severe 

ii)  Videofluoroscopic  barium  swallow  may  be 

stomatitis  or  ulceration.  Buprenorphine 

necessary  to  identify  some  foreign  bodies, 

(0.01–0.02 mg/kg  PO,  SC,  IM  or  IV  q6–12h) 

strictures, neoplasia, hiatal hernia, and vascular 

may be effective. 

ring anomalies. 

ix)  Professional  dental  cleaning  for  periodontal 

iii)  Endoscopy  is  the  definitive  diagnostic  for 

disease; partial or full- mouth extractions may 

causes  of  esophageal  obstruction  and  may  be 

be necessary for treatment of severe stomatitis. 

helpful  in  confirming  esophagitis.  Allows  for 

x)  Surgery,  chemotherapy,  and/or  radiation  ther-

foreign  body  retrieval,  biopsy  of  masses,  and 

apy may be necessary for oral tumors, depending 

balloon dilation of strictures. 

on tumor type, location, and extent of disease. 

d)  Treatment (see Table 20.1 for drug information)

B)  Esophageal disease— regurgitation

i)  Esophagitis

a)  Key points

1)  Omeprazole (1 mg/kg PO q12h) or pantopra-

i)  The feline esophagus contains smooth muscle in 

zole  (1 mg/kg  IV  q12h)  to  decrease  gastric 

the distal one- third, while the canine esophagus 

acidity. 

contains only striated muscle throughout. 

2)  Sucralfate  (250 mg/cat  as  slurry  or  suspen-

ii)  Differentiation of regurgitation from vomiting is 

sion  PO  q6–8h)  to  protect  ulcerated  areas 

of utmost importance to identify the esophagus 

(questionable efficacy). 

as the correct site of disease. 

3)  Cisapride  (0.1–0.5 mg/kg  PO  q8–12h)  to 

1)  Regurgitation is passive; vomiting is active. 

increase  lower  esophageal  sphincter  tone 

2)  Vomiting may involve prodromal signs, active 

and  increase  gastric  emptying.  Other 

abdominal  contraction  during  expulsion  of 

options  include  erythromycin  or  azithro-

material and often bile within vomitus; these 

mycin  (1 mg/kg  PO,  IV  q8h),  ranitidine 

are typically absent with regurgitation. 

(2 mg/kg PO, IV q12h), or metoclopramide 

b)  Differential diagnoses

(1–2 mg/kg/day  CRI  or  0.1–0.5 mg/kg  PO, 

i)  Esophagitis

SC q8–12h). 

1)  Causes  of  esophagitis  include  protracted 

4)  Pain management for severe esophagitis (see 

vomiting,  ingestion  of  caustic  substances, 

Chapter 7— Analgesia in the Critically Ill Cat). 

Table 20.1  Drug table. 

Drug

Mechanism of action

Dose, route, and frequency

Most common side effects

Amoxicillin

Bactericidal; inhibits cell wall synthesis

11 mg/kg PO q12h

GI— anorexia, vomiting, diarrhea

Amoxicillin plus 

Bactericidal; inhibits cell wall synthesis; beta 

13.75 mg/kg PO q12h

GI— anorexia, vomiting, diarrhea

clavulanic acid

lactamase inhibitor extends spectrum

Ampicillin

Bactericidal; inhibits cell wall synthesis

22 mg/kg IV, SC q8h

GI— anorexia, vomiting, diarrhea

Azithromycin

GI prokinetic; motilin agonist

1 mg/kg PO, IV q8h

GI— anorexia, vomiting, diarrhea; not expected at 

prokinetic dose

Budesonide

Locally acting GI glucocorticoid with high 

1 mg/cat PO q24h

Suppresses hypothalamic–pituitary–adrenal axis; 

first- pass metabolism

may cause PU/PD and other steroid effects

Buprenorphine

Analgesic; partial mu agonist and kappa 

0.005–0.02 mg/kg PO, SC, IM, IV 

Behavioral changes (purring, pacing, etc.); rarely 

antagonist

q6–12h

hyperthermia

Cefotaxime

Third- generation cephalosporin; bactericidal; 

50 mg/kg IV q6–8h

Hypersensitivity; GI— diarrhea

inhibits cell wall synthesis

Ceftazidime

Third- generation cephalosporin; bactericidal; 

50 mg/kg IV q6–8h

Hypersensitivity; GI— diarrhea

inhibits cell wall synthesis

Chlorambucil

Immunosuppressive and anti- neoplasitc 

2 mg/cat PO q48h

Myelosuppression; GI— vomiting, diarrhea

alkylating agent

Chlorhexidine 

Topical antiseptic; damages bacterial cytoplasmic 

PO q8–12h

Unpleasant taste; hypersalivation

gluconate 0.12%

membranes

Chlorpromazine

Antiemetic; alpha- 2 adrenergic antagonist

0.2–0.5 mg/kg SC, IM q6–8h

Hypotension; sedation

Cisapride

GI prokinetic; 5- HT4 serotonergic agonist

0.1–0.5 mg/kg PO q8–12h

GI— vomiting, diarrhea, abdominal cramping; QT 

prolongation in humans

Clindamycin

Bactericidal or bacteriostatic; inhibits protein 

5–11 mg/kg PO, IV q12h

GI— vomiting, diarrhea; esophagitis

synthesis by binding to bacterial 50S ribosomal 

subunit

Cyanocobalamin

Vitamin B12 supplement; cofactor for several 

250 mcg/cat SQ weekly × 6 weeks, 

None

carbon transfer reactions

then monthly

Cyclosporine

Immunosuppressant; calcineurin inhibitor

3–5 mg/kg PO q12h

GI— anorexia, vomiting, diarrhea; gingival 

hyperplasia; opportunistic infection

Dioctyl sodium 

Stool softener; increases fecal surface tension 

125–250 mg/cat as enema

Diarrhea

sulfosuccinate

and colonocyte fluid permeability

Enrofloxacin

Bactericidal; inhibits bacterial DNA gyrase

5 mg/kg PO, IV, SC q24h

GI— anorexia, vomiting, diarrhea; retinal 

degeneration and blindness at doses >5 mg/kg/day

( Continued)

Table 20.1  (Continued)

Drug

Mechanism of action

Dose, route, and frequency

Most common side effects

Erythromycin

GI prokinetic; motilin agonist

1 mg/kg PO, IV q8

GI— anorexia, vomiting, diarrhea; not expected at 

prokinetic dose

Fenbendazole

Antiparasitic; inhibits microtubule formation

50 mg/kg PO q24h

Rare; hypersalivation, vomiting, or diarrhea

Folic acid

B vitamin supplement; coenzyme required for 

200 mcg/cat PO q24h

None

DNA synthesis

Iron dextran

Required for normal oxygen transport by 

50 mg/cat IM PRN up to monthly

Pain on injection; anaphylaxis

hemoglobin in RBCs

l- carnitine

Facilitates entry of fatty acids into mitochondria 

250–500 mg/cat PO q24h

Rare; GI— diarrhea, vomiting

for energy production

Lactulose

Stool softener; metabolized to fatty acids in 

0.5–1.5 ml/kg PO q8–12h to effect; 

Diarrhea; unpleasant taste

colon, which acidifies colon and draws water 

1–3 ml/kg (diluted 1:2 with water) 

osmotically

as retention enema up to q4h

Maropitant citrate

Antiemetic; NK- 1 receptor antagonist

1 mg/kg PO, SC, IV q24h

Pain at injection site (SC); lethargy, anorexia

Metoclopramide

Antiemetic due to D2 dopaminergic antagonism; 

1–2 mg/kg/d CRI or 0.1–0.5 mg/kg 

Behavior change (hyperactive, disoriented); 

prokinetic due to 5- HT4 serotonergic agonism

PO or SC q8–12h

constipation (rare)

Metronidazole

Bactericidal with anaerobic spectrum; anti- 

7.5–10 mg/kg PO, IV q12h

GI— vomiting, decreased appetite; hepatotoxicity; 

protozoal; anti- inflammatory by inhibiting 

neurotoxicity at high doses

cell- mediated immunity

Mycophenolate

Immunosuppressant; inhibits inosine 

10 mg/kg PO q12h

GI— diarrhea, vomiting, anorexia; opportunistic 

monophosphate dehydrogenase, which inhibits 

infection

 de novo purine synthesis required by B and T 

lymphocytes

N- acetylcysteine

Glutathione precursor and free radical scavenger

70 mg/kg IV q6h

Rare with IV administration

Neomycin

Bactericidal; binds to 30S ribosomal subunit 

10–20 mg/kg PO q8–12h

GI— diarrhea; rarely ototoxic or nephrotoxic

preventing protein synthesis

Omeprazole

Proton- pump inhibitor; irreversibly binds to 

1 mg/kg PO q12h

GI— diarrhea, anorexia, vomiting

H+- K+ ATPase on gastric parietal cells, inhibiting 

acid production

Ondansetron

Antiemetic; 5- HT3 serotonergic antagonist

0.2–0.5 mg/kg PO, IV q8–12h

GI— diarrhea

Pantoprazole

Proton- pump inhibitor; irreversibly binds to 

1 mg/kg IV q12h

GI— diarrhea

H+- K+ ATPase on gastric parietal cells, inhibiting 

acid production

Polyethylene glycol 

Osmotic laxative

1/8–1/2 tsp./cat q12h to effect

GI— diarrhea, vomiting, cramping

3350 (MiraLAX®)

Prednisolone

Glucocorticoid; anti- inflammatory; 

Antiinflammatory: 0.5–1.0 mg/kg 

Polyuria, polydipsia, polyphagia, insulin resistance

immunosuppressant

PO q12h

Immunosuppressive: 1–2 mg/kg 

PO q12h

Psyllium (Metamucil®)

Bulk- forming laxative containing soluble and 

1–4 tsp./cat per meal

Flatulence

insoluble fiber; increases fecal water content

Ranitidine

GI prokinetic due to anticholinesterase 

2 mg/kg PO, IV q12h

Rare; vomiting and transient hypotension reported 

properties; H2 receptor antagonist

after IV injection

S- adenosylmethionine

Glutathione precursor; methyl donor; 

90 mg/cat PO q12–24h

None

anti- inflammatory

Sucralfate

Binds to necrotic proteins on ulcer surface; 

250 mg/cat as slurry or suspension 

Unpleasant taste; constipation; vomiting

increases local prostaglandin production

PO q6–8h

Thiamine

B vitamin supplement; required for carbohydrate 

50 mg/cat SC, IM q24h

Pain at injection site; hypersensitivity or 

metabolism

anaphylaxis (rare)

Ursodeoxycholic acid

Synthetic bile acid; choleretic; anti- 

10–15 mg/kg PO q24h

Rare; possibly GI— diarrhea, vomiting

inflammatory; antifibrotic

Vitamin K1

Cofactor for activation of coagulation factors II, 

1 mg/kg SC q12–24h

Anaphylactic reactions; IV administration not 

VII, IX, X, and anticoagulants Protein C and 

recommended

Protein S
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adequate fluid support, correction of electrolyte 

1)  Endoscopic retrieval through the oral cavity 

derangements,  and  pain  control.  Many  stable 

is the optimal treatment. 

patients will not require hospitalization for sup-

2)  Foreign bodies may be pushed into the stom-

portive care. 

ach  and  removed  via  gastrotomy  or  left  to 

ii)  Antiemetics and prokinetics may mask the pri-

dissolve (bone). 

mary  cause  and  could  be  dangerous  if  GI 

3)  Surgical removal is the last resort. 

obstruction has not been ruled out. 

4)  Treat  for  esophagitis  as  mentioned  in  the 

iii)  Outpatient therapy may include subcutaneous 

earlier text following removal. 

fluids and antiemetics (maropitant 1 mg/kg PO 

iii)  Esophageal stricture

q24h;  ondansetron  0.2–0.5 mg/kg  PO  q12h) 

1)  Endoscopic balloon dilation or bougienage. 

when  GI  obstruction  has  been  ruled  out. 

2)  Multiple  dilation  procedures  are  typically 

Prophylactic antihelminthic therapy should be 

required for effective treatment. 

considered for all patients (fenbendazole 50 mg/

3)  Treat for esophagitis as mentioned in the ear-

kg PO q24h for 3–5 days; praziquantel/pyrantel 

lier text following dilation to help prevent re- 

according to package directions). 

stricture. Systemic or local anti- inflammatory 

iv)  Diet recommendations

steroid  therapy  may  also  help  prevent 

1)  If the cat will eat, a bland diet such as cottage 

re- stricture. 

cheese and rice, lean cooked hamburger and 

C)  Acute vomiting

rice,  or  lean  chicken  and  rice  can  be  fed 

a)  Key points

within  24–48 hours.  Prescription  diets  that 

i)  Differentiate  vomiting  versus  regurgitation  as 

are low in fat and fiber are an alternate option. 

discussed in the earlier text. 

2)  Force- feeding is not recommended for ano-

ii)  Examine carefully under tongue for evidence of 

rexic cats. 

linear foreign body. 

3)  Enteral or parenteral nutritional support may 

b)  Differential diagnoses

be required if cats will not eat within 3 days. 

i)  Primary GI disease such as obstruction, nonspe-

D)  Gastrointestinal obstruction

cific gastroenteritis, ulceration, dietary indiscre-

a)  Key points

tion, toxin ingestion, and infectious disease. 

i)  Diagnosis  based  on  history,  clinical  signs  and 

ii)  Disease outside the GI tract such as acute kidney 

radiography or ultrasonography. 

injury, hepatobiliary disease, pancreatitis, hyper-

1)  Vomiting  and  anorexia  are  the  most  com-

thyroidism, and neurologic disease. 

mon clinical signs. 

c)  Diagnostics

2)  Gastric  foreign  bodies  can  cause  intermit-

i)  Initial  database  of  packed  cell  volume  (PCV), 

tent vomiting/anorexia until they pass into 

total solids (TS), glucose, and electrolytes may be 

the small intestine; clinical signs with small 

sufficient in the cardiovascularly stable patient 

intestinal obstruction are more persistent. 

who  lacks  concerning  physical  examination 

ii)  Always  check  under  tongue  for  a  string  if 

findings (fever, abdominal pain, etc.). However, a 

obstruction is suspected. 

more thorough evaluation for disease outside the 

iii)  Gastric or proximal small intestinal obstructions 

GI tract would include CBC, chemistry, and uri-

often result in hypochloremic metabolic alkalosis. 

nalysis as the minimum database. 

iv)  Obstruction  may  occur  from  intraluminal 

ii)  Fecal examination for infectious causes should 

(mass, foreign body, etc.), extraluminal (adhe-

be considered in all patients. 

sions,  strangulations,  etc.),  and  intramural 

iii)  Abdominal  radiographs  and/or  ultrasonogra-

causes (feline infectious peritonitis [FIP], pythi-

phy  (full  exam  or  focused  assessment  with 

osis, and neoplasia). 

sonography for trauma [FAST] scan) should be 

b)  Diagnostics

performed in any cat that has fever or abdomi-

i)  Perform blood work (CBC, chemistry, venous or 

nal  pain,  or  is  cardiovascularly  unstable.  The 

arterial  blood  gas,  etc.)  to  identify  metabolic 

primary  rule- outs  on  an  emergency  basis  for 

derangements that can be addressed before or 

acute vomiting are GI obstruction, septic perito-

during surgery. Proximal obstructions are often 

nitis, and GI ischemia or rupture. 

characterized by hypochloremia, hypokalemia, 

d)  Treatment (see Table 20.1 for drug information)

and metabolic alkalosis, although severe vomit-

i)  While  attempting  to  determine  the  diagnosis, 

ing from any cause can result in this constella-

supportive  care  should  focus  on  provision  of 

tion of electrolyte and acid/base changes. 
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ii)  Abdominal  radiographs  with  characteristic 

drugs  (NSAIDs),  uremia,  liver  disease, 

patterns— severely  dilated  bowel  loops  proxi-

hypoadrenocorticism,  gastric  foreign  bodies, 

mal  to  foreign  body  or  obstruction,  bunched 

sepsis,  ischemia/infarction,  severe  inflamma-

intestines seen with linear foreign bodies, loss 

tion, and gastric neoplasia. 

of abdominal detail seen with perforation, etc. 

iii)  Patients may present with hematemesis (coffee 

iii)  Abdominal  ultrasonography  is  useful  for 

grounds or frank blood), melena, anemia, and 

confirming  intestinal  obstruction  when 

oral ulceration (if uremia is the cause). 

radiographs  are  not  definitive;  ultrasonogra-

iv)  Complications  can  include  perforation  and 

phy  is  especially  beneficial  for  visualizing 

peritonitis, anemia, and disseminated intravas-

intussusceptions. 

cular coagulation (DIC). 

iv)  If  plain  radiographs  are  questionable  for  the 

b)  Diagnostics

diagnosis  of  intestinal  obstruction  and  ultra-

i)  Clinical  suspicion  based  on  clinical  signs  as 

sonography  is  not  readily  available,  then  con-

described  in  the  earlier  text,  regenerative  (or 

sider repeating plain abdominal radiographs in 

pre- regenerative)  anemia,  or  cranial  abdomi-

2–3 hours. If intestinal pattern still indicates the 

nal pain. 

same  local  bowel  distention,  then  intestinal 

ii)  Thorough  history  to  determine  exposure  to 

obstruction is more likely. 

ulcerogenic medications or potential for inges-

v)  Positive- contrast upper GI study may be consid-

tion of foreign material. 

ered for confirmation of obstruction when radi-

iii)  CBC  may  reveal  pre- regenerative  anemia 

ographs are questionable and ultrasonography 

(with  acute  blood  loss),  regenerative  anemia 

is not available. 

(with  blood  loss  >3–5  days),  or  microcytic 

c)  Treatment (see Table 20.1 for drug information)

hypochromic  anemia  and  thrombocytosis 

i)  Initiate IV fluid therapy to correct dehydration 

(with chronic low- grade blood loss). Chemistry 

and any acid–base or electrolyte disturbances. 

may  reveal  panhypoproteinemia  and  hypo-

ii)  Endoscopic removal is the treatment of choice 

cholesterolemia (with acute blood loss) or evi-

for gastric foreign bodies. 

dence of underlying disease (such as renal or 

iii)  For intestinal obstruction, or for gastric foreign 

hepatic). 

bodies that cannot be removed endoscopically, 

iv)  Abdominal ultrasonography may show focal gas-

surgical  exploratory  laparotomy  is  required. 

tric wall thickening with mucosal surface defect 

Gastrotomy, enterotomy, or intestinal resection 

or intramural gas, but is very insensitive for iden-

and  anastomosis  may  be  necessary  to  relieve 

tifying  gastric  ulceration.  Ultrasonography  is 

the obstruction. 

more  useful  for  identifying  underlying  causes 

iv)  Feeding can be initiated as soon as the patient 

such as neoplasia, and for identifying abdominal 

has recovered sufficiently from anesthesia and 

effusion in cases of perforation. 

is alert enough to eat voluntarily (ideally within 

v)  Endoscopy  is  the  definitive  diagnostic  and 

12 hours  of  surgery).  A  bland  diet  is  recom-

allows for biopsy of gastric mass lesions. 

mended initially, typically with small frequent 

vi)  In  some  cases,  advanced  diagnostics  are  not 

feedings. 

performed and diagnosis is suspected based on 

1)  Resting energy requirement (RER) is calcu-

response to appropriate therapy. 

lated at 70 × BW(kg)0.75. Initial daily feeding 

c)  Treatment (see Table 20.1 for drug information)

should  be  at  25–50%  RER,  divided  over 

i)  Discontinue  ulcerogenic  medications  and/or 

four meals. 

treat underlying disease processes. 

2)  Cats that have been anorexic for prolonged 

ii)  Symptomatic  and  supportive  therapy  may 

periods  (>3 days)  should  be  monitored  for 

include  fluid  therapy,  antiemetics,  and  pain 

refeeding  syndrome  after  reinstitution  of 

management. 

feeding. Refeeding syndrome may result in 

iii)  Specific treatment for gastric ulceration includes 

hypoglycemia, hypophosphatemia, hypoka-

proton- pump inhibitor (omeprazole 1 mg/kg PO 

lemia, and/or hypomagnesemia. 

q12h  or  pantoprazole  1 mg/kg  IV  q12h)  and 

E)  Gastric ulceration

sucralfate (250 mg/cat as slurry PO q6–8h). 

a)  Key points

iv)  Transfusion of packed RBCs may be required in 

i)  Gastric ulceration is uncommon in cats. 

severely anemic cats. All cats should be blood- 

ii)  Potential causes include shock, mast cell tumor, 

typed  and  ideally  crossmatched  prior  to 

gastrinoma,  non- steroidal  anti- inflammatory 

transfusion. 

202  Management of Specific Gastrointestinal Conditions v)  Iron supplementation with iron dextran (50 mg/

and  disease  outside  the  GI  tract  (pancreatitis, 

cat IM PRN up to monthly) may be necessary 

hepatobiliary disease, etc.). 

with  microcytic  hypochromic  anemia  due  to 

d)  Treatment (see Table 20.1 for drug information)

chronic  blood  loss  (iron  deficiency),  although 

i)  While  attempting  to  determine  the  diagnosis, 

blood transfusion is an excellent source of iron. 

supportive  care  should  focus  on  provision  of 

vi)  Surgery is necessary if there is gastric perfora-

adequate fluid support and correction of elec-

tion,  intractable  blood  loss  requiring  frequent 

trolyte  derangements  if  needed.  Many  stable 

transfusion,  or  failure  to  respond  to  medical 

patients will not require hospitalization for sup-

management within 5–7 days. 

portive care. 

F)  Acute diarrhea

ii)  Outpatient therapy may include subcutaneous 

a)  Key points

fluids for mildly dehydrated patients with mild 

i)  Historical  findings  can  help  differentiate 

clinical signs. Prophylactic antihelminthic ther-

between diseases of small intestinal and large 

apy should be considered for all patients (fen-

intestinal origin. 

bendazole  50 mg/kg  PO  q24h  for  3- 5  days; 

1)  Small intestinal disease tends to cause diar-

praziquantel/pyrantel  according  to  package 

rhea  with  normal  to  increased  frequency 

directions). 

and  volume;  blood  will  appear  as  melena; 

iii)  Metronidazole (10 mg/kg PO q12h) may be con-

weight loss is common. 

sidered for symptomatic therapy, as it has anti- 

2)  Large intestinal disease tends to cause diar-

inflammatory  effects  in  the  GI  tract. This  has 

rhea with increased frequency and decreased 

been shown to speed resolution of acute diar-

volume,  often  associated  with  tenesmus; 

rhea in dogs, but has not been evaluated in cats. 

mucus  in  the  stool  is  common;  blood  will 

iv)  Probiotics  may  be  considered  as  adjunctive 

appear as frank blood (hematochezia); weight 

symptomatic  therapy,  but  the  optimal  patient 

loss is not present. 

profile and probiotic to use are unknown. 

b)  Differential diagnoses

v)  Diet recommendations

i)  Primary GI disease such as nonspecific gastro-

1)  The  benefits  of  withholding  food  for 

enteritis/colitis, dietary indiscretion, food sen-

12–24 hours are unproven. 

sitivity, toxin ingestion, medication side effects, 

2)  If the cat will eat, a bland diet such as cot-

and infectious disease (parasitic, fungal, bacte-

tage cheese and rice, lean cooked hamburger 

rial, viral, protozoal, etc.). 

and rice, or lean chicken and rice can be fed 

ii)  Disease outside the GI tract such as hepatobil-

for several days. Prescription diets that are 

iary disease, pancreatitis, and hyperthyroidism. 

low in fat and fiber are an alternative option. 

c)  Diagnostics

G)  Chronic enteropathy

i)  PCV, TS, blood glucose, and electrolytes com-

a)  Key points

prise a suitable minimum database for the sta-

i)  A common cause of chronic (>3 weeks) and/or 

ble  patient  with  mild  clinical  signs.  More 

intermittent  GI  clinical  signs  (vomiting,  diar-

extensive  laboratory  testing  (CBC,  chemistry, 

rhea,  weight  loss,  decreased  appetite,  etc.)  in 

T4, etc.) may be considered for more severe or 

cats, chronic enteropathy refers to a collection 

refractory disease. 

of clinical disease processes resulting in abnor-

ii)  Fecal testing should be attempted for all patients 

mal intestinal function. 

and may include zinc sulfate flotation (for hel-

ii)  The most common causes of chronic enteropa-

minth eggs and Giardia cysts), wet mount (for 

thy in cats are food sensitivity, IBD, and small 

trophozoites of  Giardia spp. or  Tritrichomonas 

cell GI lymphoma (SCLSA). 

 foetus),  direct  smear  stained  with  Diff- Quick 

iii)  A  tentative  diagnosis  of  chronic  enteropathy 

(for  Campylobacter spp. or  Clostridium spp.), or 

can be made when cats have chronic GI signs 

PCR for infectious agents. 

and non- GI causes (kidney disease, hepatobil-

iii)  Viral testing for FeLV, FIV, and/or panleukope-

iary  disease,  exocrine  pancreatic  insufficiency 

nia (Canine Parvo Cite ELISA can be used) may 

[EPI],  pancreatitis,  hyperthyroidism,  etc.)  and 

be considered if clinically indicated. 

parasitism has been ruled out. 

iv)  Abdominal ultrasonography may be considered 

b)  Diagnostics

for severe or refractory cases to evaluate for intes-

i)  CBC  typically  unremarkable;  mild  normocytic, 

tinal wall abnormalities (mass, thickening, etc.) 

normochromic, non- regenerative anemia may be 
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associated with chronic inflammation. Chemistry 

ii)  Constipation  commonly  occurs  secondary  to 

may be normal, though hypocholesterolemia is a 

dehydration. Common causes of dehydration in 

common finding. Urinalysis, total T4, and feline 

middle aged to older cats include chronic kid-

trypsin- like immunoreactivity to rule out kidney 

ney  disease,  diabetes  mellitus,  hyperthyroid-

disease, hyperthyroidism, and EPI, respectively. 

ism, and chronic enteropathy. 

ii)  Abdominal  ultrasonography  is  useful  to  rule 

iii)  Nearly  2/3  of  cases  of  obstipation  in  cats  are 

out non- GI causes and more aggressive forms 

caused by idiopathic megacolon. 

of  neoplasia  (such  as  large  cell  lymphoma). 

iv)  Other differential diagnoses include mechani-

May  see  thickened  small  intestine  (especially 

cal obstruction (intraluminal mass or stricture, 

muscularis layer) and mild–moderate lymphad-

extraluminal  compression  such  as  pelvic 

enopathy with IBD and SCLSA. 

fracture, etc.), neurologic disease, hypothyroid-

iii)  Food sensitivity is diagnosed by a positive clini-

ism, obesity, electrolyte derangements (hypoka-

cal response to a strict hypoallergenic diet trial; 

lemia, hypercalcemia, etc.), drugs (e.g., opioids), 

response is typically seen within 2 weeks. 

litter box aversion (stress, not cleaned, etc.), and 

iv)  IBD  and  SCLSA  are  diagnosed  via  intestinal 

painful defecation (perianal disease, orthopedic 

biopsy which can be obtained endoscopically or 

disease, etc.). 

via  laparotomy.  Endoscopic  biopsies  should 

b)  Diagnostics

include duodenum and ileum if possible. 

i)  A  full  physical  examination  including  neuro-

v)  Serum  cobalamin  (vitamin  B12)  and  folate 

logic, orthopedic, perineal, and rectal examina-

(vitamin B9) should be measured, as deficien-

tion is essential. 

cies  are  common  and  supplementation  may 

ii)  CBC, chemistry, urinalysis, and total T4 are the 

provide clinical benefit. 

minimum database in an adult cat for identify-

c)  Treatment (see Table 20.1 for drug information)

ing  underlying  disease  that  may  be  causing 

i)  For food sensitivity, a hypoallergenic diet (novel 

dehydration. 

or  hydrolyzed  protein)  is  sufficient  to  control 

iii)  Abdominal  palpation  and  radiographs  (abdo-

clinical signs. 

men/pelvis) are useful for identifying the primary 

ii)  For IBD, a combination of hypoallergenic diet 

cause if mechanical obstruction and for assessing 

and immunosuppressive therapy is the treat-

the degree of fecal impaction. Abdominal ultra-

ment  of  choice.  Initial  immunosuppression 

sonography may be useful for identifying intralu-

should  be  attempted  with  prednisolone 

minal  or  extraluminal  obstructive  processes  if 

(1 mg/kg PO q12h × 3–4 weeks, then taper to 

they are not within the pelvic canal. 

lowest  effective  dose).  Alternate  choices  for 

c)  Treatment (see Table 20.1 for drug information)

immunosuppression could include budesonide, 

i)  Administration of fluid support and electrolyte 

chlorambucil, cyclosporine, or mycophenolate, 

replacement as needed is essential. 

but studies to determine optimal protocols are 

ii)  In the rehydrated constipated patient, enemas 

lacking in cats. 

may be successful at removing impacted feces. 

iii)  For  SCLSA,  a  combination  of  prednisolone 

Options include warm water with K- Y jelly at 

(1 mg/kg PO q12h) and chlorambucil (2 mg/cat 

5–10 ml/kg,  or  dioctyl  sodium  sulfosuccinate 

PO q48h) is recommended. 

(DSS) at 125–250 mg per cat. 

iv)  If cobalamin- deficient, supplement with cyano-

1)  Fleet sodium phosphate enemas should never 

cobalamin (250 mcg/cat SQ weekly × 6 weeks, 

be used in cats, as life- threatening hyperphos-

then  monthly);  if  folate- deficient,  supplement 

phatemia and hypocalcemia will result. 

with folic acid (200 mcg/cat PO q24h × 4 weeks). 

iii)  In  the  obstipated  patient,  manual  removal  of 

v)  Probiotics may provide some benefit, but have 

feces  under  general  anesthesia  is  typically 

not  been  well  evaluated  in  cats  with  chronic 

required  after  rehydration.  An  alternate 

enteropathy. 

approach has been described in which polyeth-

H)  Constipation/obstipation/megacolon

ylene glycol (PEG) 3350 in oral solution (60 mg/

a)  Key points

ml)  is  given  continuously  via  nasoesophageal 

i)  Constipation is infrequent, difficult, or incom-

tube at a rate of 6–10 ml/kg/h. 

plete defecation of dry, hard feces; obstipation is 

iv)  Once impacted feces are removed, maintenance 

intractable constipation resulting in an inability 

therapy  for  chronic  constipation  may  include 

to defecate. 

diet, laxatives, and/or colonic prokinetics. 

204  Management of Specific Gastrointestinal Conditions 1)  Increasing dietary fiber may be helpful and 

nonabsorbable suture, and place patient on 

can  be  accomplished  by  adding  psyllium 

stool softeners and a low- residue diet. Purse- 

(1–4 tsp. per cat per meal) to the current diet 

string suture can be removed in 10–14 days. 

or by feeding a prescription diet that is high in 

2)  Tilting the body such that the anus is higher 

soluble fiber. Some cats with idiopathic mega-

than the head may facilitate reduction of the 

colon and severe recurrent obstipation will do 

prolapsed  tissue.  Use  caution  and  watch 

better with a low- fiber, low- residue diet. 

ventilation and blood pressure when putting 

2)  Oral laxative options include MiraLAX (PEG 

the cat in this position. 

3350) at 1/8–1/2 tsp per cat q12h or lactulose 

3)  Occasionally  ice  packs  placed  on  the  pro-

(0.5–1.5 ml/kg PO q8–12h); both should be 

lapsed  tissue  may  reduce  swelling  and 

adjusted  to  achieve  2–3  soft  formed  stools 

inflammation and facilitate reduction of the 

per day. 

prolapsed tissue. 

3)  The most effective colonic prokinetic in cats 

iv)  If the tissue is not reducible or viable, then sur-

is  cisapride  (0.1–0.5 mg/kg  PO  q8–12h); 

gical correction is indicated. 

other  options  include  ranitidine  and  mis-

v)  Colopexy  is  recommended  for  recurrent  pro-

oprostol.  Note:  erythromycin  and  metoclo-

lapses;  when  prolapse  cannot  be  reduced  or 

pramide are not effective in the feline colon. 

tissue is not viable, colonic resection and anas-

v)  For cats with idiopathic megacolon who are not 

tomosis are necessary. 

responsive  to  medical  management,  surgical 

vi)  Surgical  complications  include  recurrence, 

subtotal colectomy is an effective option. 

infection, dehiscence, or stricture. 

I)  Rectal prolapse

J)  Pancreatitis

a)  Key points

a)  Key points

i)  May be complete or incomplete, depending on 

i)  Pancreatitis in cats may present as acute necrotiz-

how many layers of the rectal wall are everted. 

ing pancreatitis, acute suppurative pancreatitis, 

ii)  Owners may report tenesmus, diarrhea, or other 

or  chronic  nonsuppurative  pancreatitis.  These 

signs  of  intestinal  disease.  It  is  also  seen  with 

likely represent a continuum of disease and the 

stranguria, chronic lower urinary tract disease, 

different types have significant clinical overlap. 

and in reproductive diseases such as dystocia. 

ii)  Concurrent  disease  is  common  in  cats  with 

iii)  Manx cats are predisposed. 

pancreatitis. Concurrent IBD, cholangitis, and 

iv)  Prolapsed  intussusception  (with  obstructive 

pancreatitis have been referred to as “triaditis.” 

pattern associated) must be ruled out and dif-

iii)  Clinical signs of pancreatitis can be vague, with 

ferentiated from true rectal prolapse. Perform a 

anorexia  and  lethargy  being  most  common. 

careful rectal exam to determine extent and lay-

Vomiting  and  abdominal  pain  are  present  in 

ers involved in prolapse. 

fewer than 40% of cats with pancreatitis. 

1)  A lubricated blunt probe will not pass lateral 

iv)  Pancreatitis,  especially  acute  necrotizing  pan-

to rectal prolapse, but will if colonic or ile-

creatitis,  can  lead  to  systemic  inflammatory 

ocecocolic intussusception and prolapse. 

response  syndrome  and  multiple  organ  dys-

b)  Treatment (see Table 20.1 for drug information)

function syndrome. 

i)  Identify and treat the predisposing cause, GI or 

v)  Low  plasma  ionized  calcium  and  serum 

genitourinary tract disease. 

feline  pancreatic  lipase  immunoreactivity 

ii)  Assess  the  prolapse:  is  the  tissue  viable  or 

(fPLI) > 20 μg/l are poor prognostic indicators. 

necrotic? 

b)  Diagnostics

1)  Black or purple rectal tissue suggests necro-

i)  CBC, chemistry, total T4, and urinalysis as base-

sis and may have to be resected. 

line  blood  work  to  rule  out  other  differential 

iii)  Conservative  therapy  for  viable  prolapse 

diagnoses. Findings for pancreatitis are nonspe-

includes anesthesia and analgesics, and warm 

cific, but may include an inflammatory leuko-

saline  with  dextrose  or  hypertonic  fluids  that 

gram and/or increased liver enzyme activities. 

will clean, warm, and moisten the tissues and 

Results  may  be  useful  for  identifying  concur-

allow for reduction of edema. 

rent disease. 

1)  Gently reduce the tissues and place a loose 

ii)  Serum fPLI may provide useful information. The 

purse- string  suture  in  anus  (a  3- cc- size 

test appears to be more specific (few false posi-

syringe case will allow for proper sizing) with 

tives)  than  sensitive.  Data  suggest  sensitivity 
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of  60–100%  and  specificity  of  67–91%  using 

3)  Partial or total parenteral nutrition may be 

various study designs. 

indicated when oral feeding is not an option 

iii)  Serum  amylase  and  lipase  are  not  useful  for 

(consider  restricted  lipid  content;  see 

diagnosis. 

Chapter  9— Nutritional  Support  for  the 

iv)  Abdominal  radiographs  may  reveal  decreased 

Critically Ill Feline Patient). 

detail in the right cranial abdomen associated 

v)  Antiemetic therapy is often necessary. Options 

with pancreatic edema and local effusion, but 

include  maropitant  (1 mg/kg  SC  or  IV  q24h) 

they are often normal. 

and ondansetron (0.2–0.5 mg/kg IV q8–12h). 

v)  Abdominal  ultrasonography  is  the  imaging 

vi)  Exploratory surgery may be indicated for pan-

modality of choice. Acute necrotizing pancrea-

creatic abscesses, severe peritonitis, and extra-

titis has hallmark findings of a hypoechoic pan-

hepatic  bile  duct  obstruction  if  these  are  not 

creas with surrounding hyperechoic mesentery 

responding to medical management. 

and localized effusion. However, changes seen 

d)  The prognosis depends on the severity of pancreati-

with  acute  pancreatitis  lacking  necrosis  and 

tis  and  concurrent  disease,  and  on  possible  long- 

with  chronic  nonsuppurative  pancreatitis  are 

term  sequelae  such  as  chronic  pancreatitis,  HL, 

less clearly defined. 

EPI, and, rarely, diabetes mellitus. 

vi)  Abdominal ultrasonography is useful for identi-

K)  Hepatic lipidosis

fying evidence of concurrent disease which is 

a)  Key points

common in cats with pancreatitis. 

i)  HL occurs when lipid mobilization to the liver 

vii)  Abdominocentesis  if  indicated;  cytology  usu-

exceeds the rate of lipid exportation by the liver, 

ally reveals an exudative effusion that is aseptic. 

resulting in hepatocyte lipid accumulation and 

c)  Treatment (see Table 20.1 for drug information)

subsequent  hepatic  failure.  This  imbalance 

i)  Primarily supportive care and fluid and electro-

occurs during periods of starvation, but is more 

lyte  deficit  correction.  Begin  crystalloid  fluid 

rapid in some cats, especially in obese cats. 

therapy with KCl supplementation. 

ii)  Typically there is an underlying disease which 

1)  If  rapid  resuscitation  is  required  to  treat 

precipitates  anorexia  and  leads  to  HL. 

shock or poor perfusion, KCl supplementa-

Identification and treatment of this underlying 

tion should be delayed until after the initial 

disease  are  essential  to  effective  manage-

fluid bolus has been administered. 

ment of HL. 

ii)  Analgesia  such  as  buprenorphine  (0.005–0.02 

iii)  Cats with HL may be critically ill, have coagu-

mg/kg IV q6–8h). 

lopathy, and be intolerant of anesthesia. These 

iii)  Antibiotic therapy is not clearly beneficial for 

patients are fragile and the diagnostic approach 

pancreatitis  in  cats.  However,  pancreatitis  is 

should  be  tailored  accordingly.  Liver  biopsy, 

associated  with  cholangitis  which  may  be 

while  the  optimal  diagnostic  test,  may  not  be 

bacteria- mediated;  also  bacterial  translocation 

safe at the outset of treatment in many cats. 

is possible in severely affected cats with hemor-

b)  Diagnosis

rhagic  vomiting  and/or  diarrhea.  If  indicated, 

i)  Evidence  of  hepatic  failure  (icterus,  hepatic 

antibiotic  therapy  should  include  broad- 

encephalopathy, etc.) after a period of anorexia 

spectrum  coverage  for  aerobic  and  anaerobic 

in an obese cat should raise the clinical index of 

bacteria.  Ampicillin  (22 mg/kg  IV  q8h)  com-

suspicion for HL. 

bined with enrofloxacin (do not exceed 5 mg/kg 

ii)  CBC  results  are  nonspecific,  but  may  include 

IV  q24h)  or  cefotaxime  (50 mg/kg  IV  q6–8h) 

normocytic  normochromic  non- regenerative 

provides some reasonable first options. 

anemia.  CBC  is  most  useful  for  identifying 

iv)  Provision  of  adequate  nutrition  is  essential  to 

underlying disease. 

recovery,  and  should  be  accomplished  using 

iii)  Chemistry  reveals  increased  liver  enzyme 

enteral feeding if possible. 

activity,  often  with  alkaline  phosphatase 

1)  Force- feeding is not recommended for ano-

(ALP)  the  most  severely  affected.  Markedly 

rexic cats, as this may result in food aversion. 

increased  ALP  with  normal  or  mildly 

2)  Nasoesophageal  or  esophagostomy  tube 

increased gamma- glutamyl transferase (GGT) 

feeding  is  the  preferred  method.  Optimal 

is  an  often  reported  pattern  in  HL.  Variable 

diet  type  is  unknown,  but  high- fat  diets 

manifestations of hepatic failure may include 

should be avoided. 

hyperbilirubinemia  and  decreases  of  serum 

206  Management of Specific Gastrointestinal Conditions blood urea nitrogen (BUN), glucose, albumin, 

2)  Antiemetic  therapy  is  typically  required. 

and cholesterol. 

Options  include  maropitant  (1 mg/kg  IV 

iv)  Supplemental testing may include coagulation 

q24h),  ondansetron  (0.2–0.5 mg/kg  IV 

profile  (prothrombin time  [PT],  activated  par-

q8–12h),  and  chlorpromazine  (0.2–0.5 mg/

tial  thromboplastin  time  [aPTT])  to  identify 

kg SC, IM q6–8h). 

coagulopathy or blood ammonia as an indicator 

3)  GI prokinetic therapy may also be required. 

of hepatic encephalopathy. 

This  can  be  assessed  by  evaluating  gastric 

v)  Abdominal ultrasonography will show hypere-

residual  volume  prior  to  feeding,  either  by 

choic  hepatomegaly,  but  this  is  not  a  specific 

aspirating gastric feeding tubes or by using 

finding  for  HL.  Ultrasonography  is  useful  for 

ultrasonography. Prokinetic options include 

identifying underlying disease. 

metoclopramide  (1–2 mg/kg/day  CRI),  ran-

vi)  Liver biopsy is the definitive diagnostic test, but 

itidine (2 mg/kg IV q12h), erythromycin or 

may not be safe in severely affected cats, as they 

azithromycin (1 mg/kg IV q8h), or cisapride 

represent  significant  anesthetic  and  bleeding 

(0.1–0.5 mg/kg PO q8–12h). 

risks.  In  these  cases,  fine- needle  aspiration 

4)  Vitamin supplementation may be beneficial, 

using light or no sedation can confirm the cyto-

especially cobalamin (250 μg/cat SQ weekly) 

logic presence of lipid vacuoles within hepato-

and  thiamine  (50 mg/cat  SC,  IM  q24h). 

cytes.  However,  fine- needle  aspirates  are 

B  vitamins  may  also  be  supplemented  by 

insensitive  for  identifying  concurrent  hepatic 

adding 1–2 ml of B complex per liter of IV 

diseases such as cholangitis or lymphoma. 

fluids  (though  this  typically  provides  less 

c)  Treatment (see Table 20.1 for drug information)

supplementation  than  specific  dosing). 

i)  Nutrition is the mainstay of therapy, with provi-

Vitamin  K  (1 mg/kg  SC  q12–24h)  should 

sion  of  adequate  calories  having  the  utmost 

also be supplemented in coagulopathic cats. 

importance. 

5)  l- carnitine  (250–500 mg/cat  PO  q24h)  may 

1)  Ideally,  enteral  nutrition  is  provided.  In 

be beneficial. 

severely affected cats, placement of a nasoe-

6)  Glutathione precursors may be considered, as 

sophageal feeding tube with little or no seda-

cats with HL have hepatocellular glutathione 

tion is a safe approach to initiate nutritional 

deficiency. N- acetylcysteine (70 mg/kg IV q6h) 

support. Once cats are stable for anesthesia, 

can be used for hospitalized patients. 

an  esophagostomy  tube  can  be  placed  for 

iii)  Treat hepatic encephalopathy if indicated (see 

long- term management. 

in the following text). 

2)  Total or partial parenteral nutrition may be 

iv)  Treat underlying disease. 

necessary in cats that cannot tolerate enteral 

v)  Owners  should  be  prepared  for  a  prolonged 

feeding during the initial stages of treatment. 

recovery.  Many  cats  with  HL  require  several 

3)  As cats are obligate carnivores, dietary pro-

weeks  to  months  of  at- home  nursing  care  and 

tein  restriction  should  be  avoided  unless 

feeding- tube management to make a full recovery. 

cats  have  hepatic  encephalopathy  and/or 

L)  Cholangitis/cholangiohepatitis

hyperammonemia. 

a)  Key points

4)  RER can be calculated as 70 × BW(kg)0.75, but 

i)  Spectrum of diseases resulting in inflammation 

can be approximated as 40 × BW(kg). Initial 

which is likely to begin in the bile ducts (chol-

feeding  should  begin  at  25–50%  RER  and 

angitis) and may extend to involve the hepatic 

gradually  increased  to  100%  RER  over 

parenchyma (cholangiohepatitis). 

2–3 days. 

ii)  Most common forms are neutrophilic cholangi-

5)  Monitor  closely  for  refeeding  syndrome 

tis (NC, has acute and chronic forms) and lym-

which  may  manifest  as  hypoglycemia, 

phocytic cholangitis (LC). NC is thought to be 

hypokalemia,  hypophosphatemia,  and/or 

initiated by bacterial infection, either ascending 

hypomagnesemia. 

from the GI tract via the common bile duct or 

ii)  Aggressive  supportive  care  is  typically  neces-

via  translocation  from  the  portal  vasculature. 

sary, especially in the early stages of treatment. 

LC is thought to represent an immune- mediated 

1)  Fluid  therapy  to  correct  dehydration  and 

disease, possibly a sequelae to untreated NC. 

provide for maintenance and ongoing losses. 

iii)  Significant overlap exists between NC and LC in 

Electrolyte supplementation as needed. 

regard  to  patient  signalment,  clinical  signs, 
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physical examination findings, clinicopathologic 

be  a  good  choice.  For  outpatient  therapy, 

data, and imaging results. 

amoxicillin  plus  clavulanic  acid  (13.75 mg/kg 

iv)  Chronic cholangitis can also be caused by liver 

PO q12h) is a good choice. Optimal duration of 

fluke  ( Platynosomum  spp.,  Amphimerus  pseu-

antibiotic  therapy  is  unknown,  but  typically 

 dofelineus,  etc.)  infestation  in  endemic  areas 

4–6 weeks is recommended. 

(e.g., Southeastern US). 

ii)  For  LC  not  associated  with  bacterial  infection, 

b)  Diagnostics

immunosuppressive  therapy  should  be  consid-

i)  CBC is nonspecific, but may include mild normo-

ered.  The  first- choice  immunosuppressant  is 

cytic  normochromic  non- regenerative  anemia 

prednisolone (1 mg/kg PO q12h). Alternate/addi-

(especially with chronic NC or LC) or an inflam-

tional options include chlorambucil (2 mg/cat PO 

matory leukogram (especially with acute NC). 

q48h) and cyclosporine (3–5 mg/kg PO q12h). 

ii)  Chemistry often reveals increased liver enzyme 

iii)  Ursodeoxycholic  acid  (10–15 mg/kg  PO  q24h) 

activity  in  all  forms  of  cholangitis.  However, 

may be useful, as it has anti- inflammatory and 

liver enzyme activity may be normal (ALT and 

choleretic properties. 

ALP normal in nearly 50% of cats with cholan-

iv)  S- adenosylmethionine  (SAMe)  (90 mg/kg  cat 

gitis in a necropsy study). 

PO  q12–24h)  may  provide  benefit  as  a  glu-

iii)  Abdominal ultrasonographic findings are non-

tathione  precursor,  membrane  stabilizer,  and 

specific and may include hypoechogenicity or 

anti- oxidant. 

hyperechogenicity of the liver, dilation of intra-

v)  Supportive care including fluid therapy, electro-

hepatic  and/or  extrahepatic  bile  ducts,  and 

lyte  replacement,  antiemetics,  and  nutritional 

thickening  of  bile  duct  and  gallbladder  walls. 

support should be utilized as indicated in indi-

Ultrasonography  is  useful  for  identifying  con-

vidual patients. 

current  disease,  such  as  pancreatitis  and/or 

M) Hepatic encephalopathy

IBD, which is common in cats with cholangitis. 

a)  Key points

iv)  Fine- needle  aspirate  cytology  of  the  liver  is 

i)  Portosystemic  shunts  (usually  extrahepatic  in 

insensitive for identifying inflammation associ-

cats;  many  cats  have  copper  eyes),  end- stage 

ated  with  cholangitis  and  cholangiohepatitis. 

liver disease, and severe acute liver disease are 

However, cholecystocentesis may be performed 

all possible causes of HE. 

with  ultrasonographic  guidance  under  heavy 

ii)  The mechanisms of HE are complex and multi-

sedation  or  general  anesthesia  for  cytologic 

ple; they include hyperammonemia (produced 

examination  and  bacterial  culture  of  bile. 

by bacteria in the GI tract during metabolism of 

Presence  of  bacteria  in  the  bile  is  commonly 

nitrogenous waste from protein), increased aro-

associated with NC. 

matic amino acids (preferentially converted to 

v)  Definitive  diagnosis  can  only  be  made  by 

inhibitory neurotransmitters such as serotonin), 

hepatic biopsy, which should be considered in 

alterations of inhibitory (GABA) and excitatory 

cats with unremarkable hepatic and bile cytol-

(glutamate) neurotransmitters, endogenous ben-

ogy  and/or  those  that  fail  antibiotic  therapy. 

zodiazepines, mercaptans, altered cerebral metab-

Samples  of  bile  and/or  hepatic  tissue  should 

olism, and disturbed Na+/K+ ATPase activity. 

always be submitted for aerobic and anaerobic 

iii)  Complicating  factors  include  high- protein 

bacterial culture any time a biopsy is performed. 

meals/GI  bleeding,  neoplasia,  corticosteroids, 

c)  Treatment (see Table 20.1 for drug information)

and  infections  with  concurrent  tissue  catabo-

i)  For NC associated with bacterial infection, anti-

lism,  as  these  provide  a  source  for  bacterial 

biotic  therapy  based  on  bile  or  hepatic  culture 

ammonia production. 

and susceptibility results is optimal. If NC is sus-

iv)  Clinical  signs  typically  indicate  bilateral  cere-

pected but culture samples cannot be obtained, 

bral  cortical  dysfunction  and  may  range  from 

or while pending culture results, broad- spectrum 

ptyalism to seizures and coma. 

antibiotics  targeting  GI  flora  should  be  used. 

v)  Benzodiazepines,  barbiturates,  acepromazine, 

 Escherichia  coli  and   Enterococcus  spp.  are  the and  transfusion  of  older  stored  packed  red 

most  common  bacteria  associated  with  NC  in 

blood cells should be avoided. 

cats. A combination of ampicillin (22 mg/kg IV 

b)  Diagnostics

q8h) and enrofloxacin (no more than 5 mg/kg IV 

i)  Most diagnostics will reveal the underlying liver 

q24h) or cefotaxime (50 mg/kg IV q6–8h) would 

disease  and  evidence  of  hepatic  dysfunction. 
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peritonitis.  Other  nonspecific  findings  may 

abdominal radiographs and/or ultrasonography, 

include a non- regenerative anemia with chronic 

bile acids, and liver biopsy. 


inflammatory  disease  and  an  inflammatory 

ii)  Neurologic  examination  may  reveal  signs  of 

leukogram. 

bilateral cerebrocortical dysfunction. 

ii)  When abdominal effusion is present, the fluid 

iii)  High plasma ammonia levels support a clinical 

should  be  sampled  using  blind,  ultrasound- 

suspicion  of  HE.  Other  mediators  cannot  be 

guided, and four- quadrant techniques. 

measured in blood, so a normal plasma ammo-

iii)  Cytology and biochemical analysis of abdomi-

nia does not rule out HE. 

nal fluid sample will allow for differentiation of 

c)  Treatment (see Table 20.1 for drug information)

the types of peritonitis. 

i)  Initially  directed  toward  supportive  care  and 

1)  Bile peritonitis— bile crystals (gold to green) 

treatment of the underlying cause. 

on  cytology;  fluid  bilirubin  concentration 

ii)  Hyperammonemia, if present, should be treated 

greater than 2 times that of serum. 

aggressively. 

2)  Septic  peritonitis— suppurative  effusion 

1)  Dietary protein restriction, ideally with pro-

with intracellular bacteria, degenerate neu-

teins of dairy or vegetable source. 

trophils;  decreased  glucose  and  increased 

2)  Investigation  and  treatment  for  causes  of 

lactate in effusion compared to serum also 

potential  GI  bleeding  such  as  parasitism, 

support septic effusion. 

coagulopathy, and gastric ulceration. Avoid 

–  A  blood- to- abdominal- fluid- glucose  dif-

potentially ulcerogenic medications. 

ference  of  >20 mg/dl  was  86% sensitive 

3)  Cleansing enemas should be considered in 

and 100% specific for a diagnosis of sep-

severely  affected  patients  to  remove  the 

tic peritonitis in cats. The blood- to- fluid- 

source of bacterial ammonia production. 

glucose difference was more accurate for 

4)  Lactulose speeds intestinal transit (decreas-

a  diagnosis  of  septic  peritonitis  than 

ing the time for bacterial ammonia produc-

peritoneal  fluid  glucose  concentration 

tion) and prevents ammonia absorption by 

alone. Further studies will be required to 

acidifying colonic contents. It can be given 

determine  the  ability  of  this  diagnostic 

as  a  retention  enema  (1–3 ml/kg  diluted 

tool to differentiate a sterile but severely 

1:2 with warm water as needed, up to q4h) 

inflammatory peritonitis versus a septic 

or orally (0.5–1.5 ml/kg q6–12h, adjusted to 

peritonitis. 

achieve 2–3 soft formed stools per day). 

3)  Aseptic neutrophilic peritonitis may be seen 

5)  Antibiotics  can  kill  bacteria  that  produce 

with  severe  intra- abdominal  inflammation, 

ammonia.  Options  include  neomycin 

such  as  acute  pancreatitis.  Fluid  cytology 

(10–20 mg/kg  PO  q8–12h),  metronidazole 

will  reveal  a  neutrophilic  exudate  without 

(7.5 mg/kg  PO  q12h— note  decrease  dose 

intracellular  bacteria;  neutrophils  may  be 

with liver disease), or amoxicillin (11 mg/kg 

degenerate or non- degenerate. 

PO q12h). 

4)  FIP–pyogranulomatous  inflammatory  exu-

iii)  Maintenance of hydration, acid–base, and elec-

date with disproportionately high total pro-

trolytes is important, as dehydration (and sub-

tein compared to cellularity (which is often 

sequent  prerenal  azotemia),  alkalosis,  and 

only mildly to moderately increased); gross 

hypokalemia  may  all  contribute  to  increased 

appearance  of  fluid  may  be  thick,  yellow, 

central  nervous  system  ammonia  concentra-

with fibrin strands visible. 

tions and worsen HE. 

iv)  Exploratory  surgery  is  indicated  in  all  cases 

N)  Peritonitis— septic, aseptic, FIP, bile

with intracellular bacteria or bile peritonitis. 

a)  Key points

1)  Exploratory surgery may also be indicated in 

i)  There are several possible causes for peritonitis. 

cases  with  degenerate  neutrophils  with  no 

ii)  Cytology and fluid analysis will help differenti-

intracellular bacteria or in a decompensating 

ate underlying etiology. 

patient  where  peritonitis  is  suspected  but 

b)  Diagnosis

abdominocentesis is negative. This will allow 

i)  CBC and chemistry may reveal clues regarding 

for diagnostics as well as therapeutics such as 

underlying etiology such as hyperglobulinemia 

identifying  an  underlying  cause,  obtaining 

with  FIP  or  hyperbilirubinemia  with  bile 

biopsy samples, flushing abdomen, correcting 
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any abnormalities, and removing any necrotic 

enrofloxacin  (no  greater  than  5 mg/kg  IV 

tissue or blood clots. 

q24h) or ceftazidime (50 mg/kg IV q6–8h) ± 

2)  Rarely,  no  obvious  surgically  correctable 

intravenous 

metronidazole 

(10 mg/kg 

underlying  cause  for  septic  peritonitis  can 

IV q12h). 

be found. 

ii)  Monitor hydration status, blood pressure, and 

c)  Treatment (see Table 20.1 for drug information)

urine output to assess perfusion. 

i)  Initiate IV fluids and broad- spectrum antibiotic 

iii)  Pain  medication  is  warranted  and  necessary 

therapy pending culture and sensitivity results. 

in  cats  with  septic  peritonitis.  Choose 

1)  An effective empiric combination in cats is 

cardiovascular- sparing pain medications (see 

ampicillin  (22 mg/kg  IV  q8h)  with 

Chapter 7— Analgesia in the Critically Ill Cat). 
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Urologic Emergencies— General Approach: Diagnostic Evaluation, Monitoring, and Therapeutic Techniques for the Urological System

 Simon W. Tappin

UNIQUE FEATURES



● The most common cause of acute kidney injury in cats is urethral obstruction. 



● Feline urine is normally very well concentrated; specific gravity values below 1.035 represent suboptimal concentration. 



● Struvite crystals are a normal finding in feline urine, but numbers increase with storage and infection. 



● Stress can elevate serum glucose levels above the renal threshold leading to glucosuria. 



● Bilirubin is not normally found in feline urine and represents icterus. 

A)  Clinical signs and diagnosis

is useful to guide further diagnostics, therapy, and 

a)  Uremia  refers  to  the  clinical  and  clinicopathologic 

prognosis. 

abnormalities that occur secondary to renal failure. 

i)  Prerenal

b)  Clinical  signs  are  nonspecific  and  vary  between 

1)  Secondary to decreased renal perfusion

patients. Signs result from the accumulation of solutes 

–  Hypovolemic shock (decreased circulat-

within the blood that would normally be excreted by 

ing volume). 

the kidneys. Cats may be presented for vomiting, nau-

–  Cardiogenic shock (ineffective circulat-

sea, anorexia, hypersalivation (due to either uremia or 

ing volume). 

oral  ulceration),  diarrhea,  weight  loss,  changes  in 

–  Distributive  shock  (inappropriate  dila-

drinking habits, hiding, lethargy, or straining. 

tation  or  constriction  of  the  afferent 

c)  Physical examination findings may include depres-

and/or efferent arterioles). 

sion,  pale  mucous  membranes,  dehydration,  poor 

2)  Clinical  signs  usually  result  from  inade-

pulses,  tachycardia,  bradycardia,  hypothermia, 

quate  systemic  perfusion  rather  than  the 

cachexia,  oral  ulceration,  abnormal  kidney  size, 

subsequent uremia

painful abdomen and/or kidneys, and an absent or 

3)  Urine specific gravity (prefluids) should be 

large firm bladder. 

maximally  concentrated  (>1.050)  unless 

d)  Clinicopathologic  abnormalities  include  azotemia 

concentrating ability is impaired (e.g., glu-

(accumulation  of  nitrogenous  compounds  in  the 

cosuria, diuretic administration, etc.). 

blood), hyperkalemia or hypokalemia, hyperphos-

4)  Blood  urea  nitrogen  (BUN)  will  increase 

phatemia, nonregenerative anemia, and metabolic 

prior to, and to a greater degree than, serum 

acidosis. 

creatinine. 

e)  Diagnosis is made using the abovementioned clini-

5)  Unless primary renal damage has occurred, 

cal  and  clinicopathologic  findings.  Classification 

prerenal azotemia is reversible with resto-

into primary renal, prerenal, and postrenal azotemia 

ration of renal perfusion. 
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5)  To act as a urethral stent and allow healing 

(when >25% of tubules are still functioning 

after trauma. 

normally), azotemia may occur with just a 

6)  To perform retrograde contrast radiography 

mild decrease in renal perfusion. 

of the lower urinary tract. 

ii)  Primary renal (see Chapter 23—Acute Kidney 

ii)  Considerations

Injury)

1)  The cat must be sedated or anesthetized for 

1)  With  normal  renal  perfusion,  azotemia 

catheterization. 

occurs when less than 25% of renal tubules 

2)  The catheter should be placed as aseptically as 

are functioning. 

possible (sterile gloves, hair clipped as needed, 

2)  Can be classified to guide prognosis:

and  the  area  surgically  scrubbed).  The  pre-

–  Acute kidney injury. 

puce  or  vestibule  should  be  flushed  with 

–  Chronic renal disease. 

dilute povidone- iodine solution or similar. 

–  Acute on chronic. 

3)  Catheters should be long, soft, and sterile. 

3)  Clinical  signs  will  result  from  azotemia, 

Red  rubber  catheters  are  commonly  used 

electrolyte abnormalities, anemia, and met-

for  indwelling  catheters.  Polypropylene 

abolic acidosis. 

“tom cat” catheters are more rigid and use-

4)  Symmetric  dimethylarginine  (SDMA) 

ful  to  relieve  urethral  obstruction.  They 

maybe  a  more  sensitive  marker  of  renal 

should NOT be used as an indwelling cath-

dysfunction than creatinine in early chronic 

eter, as their rigid construction can lead to 

renal disease, as it is less affected by reduced 

bladder- wall  irritation.  Diameter  depends 

body condition. 

on patient size (3.5–5 French). A wire stylet 

iii)  Postrenal  (see  Chapter  22—Urologic 

may aid placement of a red rubber catheter 

Emergencies:  Ureters,  Bladder,  Urethra,  GN, 

in a female, but caution should be used to 

and CKD)

avoid iatrogenic urethral injury. 

1)  Impaired renal excretion secondary to rup-

4)  A closed collection system should always be 

ture of or obstruction to:

used for indwelling catheters. The bladder 

–  Ureters. 

should be allowed to empty under gravity. 

–  Bladder. 

The collecting system should have enough 

–  Urethra. 

slack to prevent it interfering with the cat’s 

2)  Leakage  from  the  urinary  tract  leads  to 

movement. It should be attached to the tail 

resorption of urinary solutes and azotemia. 

to  prevent  trauma  to  the  anchor  sutures. 

3)  Obstruction  of  the  urinary  tract  leads  to 

Sterile collection systems are commercially 

reduced  glomerular  filtration  rate  (GFR) 

available;  however,  sterile  tubing  and  an 

and azotemia. 

empty intravenous fluid bag works well. 

4)  Physical examination findings will depend 

5)  After  placement,  an  Elizabethan  collar 

on site of obstruction or rupture. 

should be fitted to prevent the cat removing 

5)  Patient  stabilization  (e.g.,  correction  of 

the catheter. 

hypovolemia and hyperkalemia) important 

iii)  Technique

before invasive diagnostic and therapeutic 

1)  Male

procedures is performed. 

–  The tom is positioned in lateral or dorsal 

6)  Azotemia  typically  reversible  unless  pro-

recumbency. 

longed obstruction which can lead to irre-

–  For  the  right- handed  operator,  the  left 

versible tubular damage. 

thumb  and  forefinger  are  used  to 

7)  The  most  common  cause  of  acute  kidney 

extrude  the  penis  by  pushing  the  pre-

injury in cats is urethral obstruction. 

puce cranially. 

B)  Diagnostic and monitoring procedures

–  The  catheter  is  well  lubricated  (with 

a)  Urethral catheterization

sterile  water- soluble  lubricant)  and 

i)  Indications

inserted into the penile urethra

1)  To collect a urine sample. 

–  The  penis  is  then  extended  caudally  to 

2)  To monitor urine output. 

align the penile and membranous urethra, 

3)  To relieve urethral obstruction. 

while the catheter is gently advanced. 

4)  To  keep  the  bladder  empty  and  facilitate 

–  Once in the bladder urine will appear at 

healing. 

the  hub  and  advancement  ceased,  the 
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catheter is sutured to the prepuce using 

3)  Therapeutic bladder decompression due to 

holes  in  the  catheter  hub  or  using  a 

urethral obstruction, when urethral cathe-

Butterfly tape. 

terization is not possible. Repeated decom-

–  If  resistance  is  felt,  the  catheter  should 

pression via cystocentesis in the obstructed 

not be forced, as this may lead to urethral 

cat is not recommended and placement of a 

trauma. Instillation of sterile saline will 

cystostomy  tube  for  continuous  bladder 

allow dislodgment of urethral material. 

evacuation should be considered until ure-

2)  Female

thral patency is obtained. 

–  The urethral opening lies in a depression 

ii)  Considerations

in the ventral vaginal wall approximately 

1)  Ultrasound  guidance  may  be  useful  in 

1 cm  from  the  vulva.  This  depression 

obese cats or when the bladder is small

helps guide the catheter allowing “blind” 

iii)  Technique

catheterization. 

1)  The cat is restrained in lateral recumbency 

–  The queen is usually placed in lateral 

by  an  assistant.  Sedation  or  anesthesia  is 

or sternal recumbency; however, in dif-

not normally needed, but should be consid-

ficult cases, dorsal recumbency may aid 

ered in the fractious patient. 

placement. 

2)  For diagnostic sample collection, a 1–1.5- in. 

–  For  the  right- handed  operator,  the  left 

22- gauge  needle  and  2–10- ml  syringe  will 

hand is used to grasp and gently extend 

allow adequate sample collection. 

the vulva. 

3)  The skin on the caudal ventral abdomen is 

–  The  catheter  is  well  lubricated  (with 

clipped and aseptically prepared. 

sterile water- soluble lubricant) and gen-

4)  With one hand the bladder is immobilized 

tly  guided  along  the  ventral  vestibule 

and with the other the needle (with syringe 

floor,  which  commonly  results  in 

attached)  inserted  through  the  abdominal 

placement. 

wall into the bladder. 

–  A  small  speculum  or  sterile  otoscope 

5)  The most common site for cystocentesis is 

can help identify the urethral orifice. 

ventrally;  however,  ventrolateral  or  dorsal 

–  Once in the bladder urine will appear 

approaches  may  be  considered.  The  ideal 

at  the  catheter  hub.  Advancement  is 

site for bladder compression is just cranial 

ceased  and  the  catheter  secured  as 

to the urethral junction, as this will allow 

mentioned in the earlier text. 

drainage without multiple insertions as the 

iv)  Concerns

bladder empties. 

3)  Iatrogenic urinary tract infection

6)  Where possible the needle should enter the 

–  Avoid by aseptic catheter placement and 

bladder wall at a 45° angle. This reduces the 

management of the collection system. 

possibility  of  leakage  post  procedure  by 

–  Prophylactic  systemic  antibiotics  and 

passing through different bladder layers at 

flushing  the  catheter  with  antibiotic/

slightly different points. 

antiseptic solutions are not advised, as 

7)  Once in the bladder urine will appear in the 

these can increase the risk of resistant 

syringe hub and gentle aspiration will yield 

urinary tract infections. 

a sample. The needle and syringe can then 

–  Urine culture and sensitivity can be per-

be gently withdrawn. 

formed  24–48 hours  following  catheter 

8)  For  therapeutic  bladder  decompression, 

removal. Culture of the catheter tip may 

the needle is connected via an intravenous 

be  useful  if  suspected  as  a  nidus  for 

extension set to a 20- ml syringe and a three- 

infection. 

way tap. As the syringe fills, the three- way 

b)  Cystocentesis

tap allows the syringe to be repeatedly emp-

i)  Indications

tied into a collection bowl until the bladder 

1)  To collect a urine sample without contami-

is empty. 

nation from the lower urinary tract. 

iv)  Concerns

2)  To  help  localize  the  source  of  hematuria, 

1)  A severely distended bladder wall may be 

bacteriuria, or pyuria to the upper or lower 

compromised,  leading  to  rupture  on 

urinary tract. 

cystocentesis. 
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●

Ketones are not normally present in 

to cystocentesis. 

feline  urine  and  reflect  changes  in 

3)  Tracking of neoplastic cells along the nee-

fatty acid metabolism. 

dle paths is reported. 



●

Acetone and acetoacetate react with 

c)  Routine urinalysis

the nitroprusside agent on dipsticks; 

i)  Routine urinalysis involves the measurement 

however, beta- hydroxybutyrate does 

of specific gravity, dipstick evaluation, and sed-

not.  Beta- hydroxybutyrate  can  be 

iment analysis. 

oxidized  to  acetoacetate  using  1–2 

1)  Specific gravity

drops of hydrogen peroxide. 

–  Specific gravity reflects the solute con-

–  Occult blood

centration  of  urine  and  should  be 



●

Hemoglobin,  myoglobin,  and  eryth-

measured using a refractometer before 

rocytes  all  cross- react  with  dipstick 

therapy begins. 

reagents.  Results  must  therefore  be 

–  Glucosuria and proteinuria will elevate 

interpreted  in  conjunction  with  a 

specific  gravity  by approximately  0.005 

spun  down  urine  sample.  Sediment 

per gram of glucose or protein. 

analysis  will  reveal  intact  red  cells 

–  Urine with a specific gravity 1.008–1.012 

when  hematuria  is  present,  whereas 

is  regarded  isosthenuric,  as  it  has  the 

examination  of  the  supernatant  will 

same  solute  concentration  as  the  glo-

confirm pigmenturia (e.g., hematuria). 

merular filtrate. 

–  Bilirubin

–  Urine  with  a  specific  gravity  <1.008  is 



●

Bilirubin  is  not  normally  found  in 

regarded as hyposthenuric and has been 

feline urine and when present reflects 

actively diluted. 

elevated serum bilirubin. 

–  Urine  specific  gravity  >1.012  is 



●

Bilirubinuria  occurs  prior  to 

regarded as hypersthenuric; however, 

hyperbilirubinemia. 

feline  urine  is  usually  concentrated 

3)  Urine sediment

(S.G.  >1.035);  values  below  this  may 

–  Urinalysis  should  be  performed  as 

reflect poor renal concreting ability or 

promptly  after  collection  as  possible. 

polydipsia. 

Cells and casts will degenerate, bacteria 

2)  Dipstick analysis

may  grow,  and  crystals  may  form  or 

–  Urine pH

dissolve. 

● 

Normal pH for feline urine is 5–7.5. 

–  The sample should be evaluated with its 

● 

Acidic urine may reflect a high pro-

collection  method  in  mind.  For  exam-

tein  diet,  catabolic  state,  proximal 

ple, a catheterized sample may contain 

renal tubular acidosis, and metabolic 

epithelial  cells  as  a  result  of  urethral 

or respiratory acidosis. 

trauma and a cystocentesis sample may 

● 

Alkaline urine may reflect the pres-

contain  red  blood  cells  as  a  result 

ence of urease- positive bacteria, res-

of trauma. 

piratory or metabolic alkalosis, distal 



●

White blood cells

tubular  acidosis,  postprandial  alka-

■ 

Occasional  white  blood  cells 

line  tide,  or  prolonged  exposure  to 

are  normal  (0–8/hpf  in  voided 

room air. 

samples,  0–5/hpf  in  catheterized 

–  Glucose

samples, 0–3/hpf in cystocentesis 

● 

Glucose  appears  in  the  urine  if 

samples). 

the  renal  threshold  is  exceeded 



■

Increased white blood cells (pyuria) 

(250–350 mg/dl). This can occur with 

indicate urinary tract inflammation. 

diabetes mellitus and stress. 



●

Red blood cells

● 

Primary glucosuria occurs secondary 

■ 

Occasional  red  blood  cells  are 

to  tubular  dysfunction  and  glucosu-

normal  (0–8/hpf  in  voided  sam-

ria  will  be  seen  with  normal  blood 

ples,  0–5/hpf  in  catheterized 

glucose concentrations. 

samples, 0–3/hpf in cystocentesis 

–  Ketones

samples). 
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■ 

Increased red blood cells (hematu-



■

Fatty  casts  contain  lipid  granules 

ria) indicate urinary tract inflam-

and  can  be  seen  with  nephrotic 

mation or hemorrhage. 

syndrome or diabetes mellitus. 

● 

Bacteria



■

White 

cell 

casts 

suggest 

■ 

The  bladder  is  normally  sterile, 

pyelonephritis. 

but  increasing  numbers  of  com-



■

Waxy  casts  are  uncommon  and 

mensals  will  be  found  along  the 

reflect  degeneration  of  granular 

lower urinary tract. 

casts.  They  are  seen  mainly  with 

■ 

If visual numbers are present, then 

chronic renal disease. 

they  are  usually  significant  and 



■

Hemoglobin  and  myoglobin  casts 

should  be  accompanied  by  an 

suggest  hemoglobinuria  and 

active sediment. 

myoglobinuria. 

■ 

Care  needs  to  be  taken  to  dif-

d)  Urine culture and sensitivity

ferentiate  stain  precipitate  and 

i)  Although  urinalysis  and  clinical  signs  may 

contaminants. 

suggest  a  urinary  tract  infection,  a  positive 

● 

Crystals

urine culture is needed to confirm the diagno-

■ 

Struvite crystals (“coffin lids”) are 

sis and differentiate the condition from other 

normal in feline urine, but increase 

causes of feline lower urinary tract disease. 

in number with infection and pre-

ii)  Urinary  tract  infections  occur  when  sterile 

cipitate if urine is stored. 

areas of the urinary tract are colonized by bac-

■ 

Oxalate crystals:

teria.  This  is  more  common  in  females,  ani-

⚪  Monohydrate  crystals  (“picket 

mals with poor concentrating ability, or when 

fence” or “dumbbell”) are rarely 

glucosuria is present. 

seen  except  in  animals  that 

iii)   Escherichia coli is the most commonly isolated 

have ingested  ethylene glycol. 

organism.  Staphylococcus,  Streptococcus, 

⚪  Dihydrate  crystals  (“Maltese 

 Klebsiella,  Proteus,  and   Pseudomonas  species cross”  or  “envelope”)  can  be 

are also reported. 

seen  in  normal  cats,  but  large 

iv)  Urine should be collected for culture by cysto-

numbers can be associated with 

centesis  to  avoid  contaminants.  Culture  of 

ethylene glycol intoxication. 

catheterized  and  voided  samples  frequently 

■ 

Urate  stones  (thorn  apples)  are 

results in false positive results. 

suggestive of liver dysfunction. 

v)  Urine should be cultured as quickly as possible, 

● 

Casts also need images

as bacterial numbers change rapidly once the 

■ 

Casts  are  cylindrical  concretions 

sample  had  been  collected.  If  immediate  cul-

formed in the renal tubules. 

ture is not possible, transport in boric acid tubes 

■ 

They consist of cells, proteins, and 

is recommended and the sample refrigerated. 

cellular debris. 

vi)  Bacterial  concentrations  above  1000  colony- 

■ 

Hyaline casts may be seen due to 

forming units per milliliter of urine are consid-

normal  sloughing  of  tubular  epi-

ered significant growths. 

thelial  cells  (<2  per  low  power 

vii)  Treatment  should  be  based  on  sensitivity 

field).  This  may  increase  after 

results and determining the minimum inhibi-

exercise.  Hyaline  casts  consist 

tory concentration (MIC) may help in resistant 

partly of protein; hence, numbers 

or recurring cases. 

may  increase  with  glomerular 

e)  Urine protein/creatinine ratio

nephritis and amyloidosis. 

i)  The urine protein/creatinine ratio (UPC) allows 

■ 

Granular casts reflect precipitation 

quantification of urine protein loss and is indi-

of  filtered  proteins  or  cellular 

cated in the investigation of renal failure (acute 

degeneration. Occasional granular 

and chronic) as well as hypoalbuminemia. 

casts may be seen in normal cats 

ii)  Protein loss is corrected for urine concentration 

(<2 per low power field); however, 

by correlating it to the urine creatinine concen-

large  numbers  suggest  tubular 

tration. The results of UPC ratios correlate well 

degeneration or necrosis. 

with 24- hour urine protein excretion. 
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–  A  decreased  fractional  excretion  of 

high protein diets can have higher values, so 

sodium  indicates  that  the  kidneys  are 

fasted samples are desirable). 

attempting to conserve sodium (through 

iv)  Inflammation  and  blood  contamination  can 

the actions of aldosterone and angioten-

increase urine protein content; thus, the UPC 

sin II) and suggests an extra renal cause 

ratio should be interpreted in conjunction with 

(e.g., gastrointestinal tract loss through 

a  sediment  examination.  The  true  extent  of 

vomiting or diarrhea). 

blood contamination on the feline UPC ratio is 

3)  Renal insufficiency and loop diuretics may 

unknown; however, studies using canine urine 

cause potassium wasting (fractional excre-

revealed that urinary albumin concentrations 

tion  >10%).  Supplementation  should  be 

do  not  change  until  urine  becomes  grossly 

considered  to  prevent  clinical  signs  of 

hematuric  and  the  maximal  change  in  UPC 

hypokalemia. 

seen was an increase of 0.4. 

g)  Abdominal ultrasound

f)  Fractional clearance/excretion of electrolytes

i)  Abdominal  ultrasound  allows  noninvasive 

i)  The renal tubules are responsible for the secre-

imaging of the urinary tract, revealing shape, 

tion  and  resorption  of  filtered  electrolytes. 

size,  and  structure  of  the  kidneys  and  lower 

Fractional clearance of electrolytes can there-

urinary tract. 

fore be used to investigate tubular function by 

ii)  This  can  usually  be  achieved  conscious,  but 

comparing them to the excretion of creatinine, 

sedation should be considered in fractious cats. 

which is excreted at a constant rate. 

iii)  Hair needs to be clipped from the viewing area, 

ii)  Fractional 

clearance 

of 

electrolyte 

and alcohol followed by ultrasound gel applied. 

x = (UxV/Px)/(UcrV/Pcr) = (UxPcr)/(UcrPx)

1)  Kidney

1)  Ux = Urine concentration of x. 

–  The feline kidneys can usually be imaged 

Px = Plasma concentration of x. 

with the transducer placed on the ven-

2)  Ucr = Urine concentration of creatinine. 

tral abdominal wall with the cat in lat-

3)  Pcr = Plasma concentration of creatinine. 

eral  recumbency.  In  some  instances, 

V = Urine volume over time period of test. 

moving  the  cat  to  dorsal  recumbency 

iii)  Normal values for feline fractional clearance of 

may  help  or  placing  the  transducer 

electrolytes

directly over the area of the kidney (just 

1)  Sodium = <1%. 

caudal to the last rib on the left and level 

2)  Potassium = <6%. 

with the last 2 ribs on the right). 

3)  Chloride = <1.3%. 

–  The normal kidney has a smooth, well- 

4)  Phosphate = <73%. 

defined  outline  and  measures  approxi-

iv)  Fractional excretion of sodium

mately 3–4.3 cm in length. 

1)  Renal failure

–  Ultrasound allows the differentiation of 

–  Fractional excretion of sodium increases 

the  cortex,  medulla,  and  renal  pelvis. 

with renal failure (>1%) due to decreased 

The  normal  feline  kidney  is  less  echo-

tubular function. 

genic than liver or spleen, with the renal 

–  Fractional excretion of sodium decreases 

medulla appearing less echogenic than 

with  pre- renal  azotemia  (<1%)  to  con-

the cortex due to its higher water con-

serve  sodium  and  prevent  further  vol-

tent. In normal cats, the relative differ-

ume depletion. 

ence in echotexture between the cortex 

2)  Hyponatremia

and medulla can vary due to differences 

–  An  increased  fractional  excretion  of 

in the fat content of the proximal tubu-

sodium  indicates  that  renal  loss  of 

lar cells. 

sodium  is  contributing  to  the  hypo-

–  Hydronephrosis and marked dilation of 

natremia  (e.g.,  reduced  aldosterone 

the  renal  pelvis  are  seen  with  ureteral 

secondary  to  angiotensin- converting 

obstruction,  whereas  mild  pelvic  dila-

enzyme (ACE) inhibitor administration, 

tion can be seen with pyelonephritis or 

loop diuretics increasing sodium excre-

intravenous fluid therapy. 

tion,  increased  atrial  natriuretic  pep-

–  Renal calculi (of all types) appear echo-

tide (ANP), or tubular disease). 

genic and cast acoustic shadows. 
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–  Renal cysts appear as discrete rounded 

h)  Plain radiography

anechoic areas. Infarcts, abscesses, and 

i)  Abdominal  radiography  allows  noninvasive 

neoplastic  lesions  have  variable 

imaging of the urinary tract, revealing shape, 

appearances. 

size, and structure of the kidneys and the bladder. 

–  Diffuse  parenchymal  diseases  do  not 

ii)  Radiographs  may  be  achieved  conscious,  but 

usually  change  ultrasound  appearance 

sedation should be considered in fractious cats. 

until the disease is relatively advanced; 

iii)  Conventionally,  projections  are  right  lateral 

a normal ultrasound therefore does not 

and ventrodorsal (VD). 

rule out renal disease. 

1)  Kidneys

–  Ethylene glycol toxicity leads to the dep-

–  Both kidneys are normally visible ven-

osition  of  calcium  oxalate  crystals 

tral  to  L3,  with  the  right  silhouette 

within the kidney, which appears more 

slightly cranial to the left. 

hyperechoic than the liver or spleen. 

–  Normal  kidneys  should  be  2.4–3  times 

–  The medullary rim sign (a hyperechoic 

the length of L2. 

band at the corticomedullary junction) 

–  Enlarged  kidneys  may  displace  other 

is  not  specific  for  renal  disease  in  the 

abdominal structures (e.g., in the lateral 

cat,  as  mineralization  of  the  basement 

projection,  right  renomegaly  may 

membrane  causes  the  same  effect  in 

depress  the  duodenum,  whereas  left 

normal cats. 

renomegaly may depress the descending 

2)  Ureters

colon. In VD, the colon may be deviated 

–  Ureters are not normally seen on ultra-

medially by renal enlargement). 

sound evaluation due to their small size. 

–  Renal enlargement may be due to neo-

–  Periodic jets of urine may be seen enter-

plasia, acute nephritis, hydronephrosis, 

ing  the  bladder  (especially  using  color 

FIP, portovascular abnormalities, poly-

flow Doppler) and can be useful when 

cystic kidney disease, or a hematoma. 

searching for ectopic ureters. 

–  Reduced renal size usually results from 

–  Ureteral dilation (hydroureter) is caused 

end- stage chronic renal disease, although 

by  ureteral  obstruction  and  is  usually 

can occur due to renal hypoplasia. 

accompanied  by  dilation  of  the  renal 

2)  Ureters

pelvis.  The  ureter  can  then  be  traced 

–  Ureters are not normally seen on plain 

medially  and  caudally  from  the  renal 

radiographs. 

pelvis toward the  trigone of the bladder. 

–  Ureteroliths may be seen on lateral and 

–  Doppler  examination  can  help  distin-

VD projections. 

guish  dilated  ureters  from  vascular 

3)  Bladder

structures. 

–  Bladder varies with the volume of urine 

–  Ureteral  calculi  may  be  identified  as 

it contains. 

focal  areas  of  echogenicity,  which 

–  Bladder  wall  thickness  cannot  be 

are  usually  associated  with  acoustic 

assessed  on  plain  radiographs  (ultra-

shadowing. 

sound or contrast studies are needed). 

3)  Bladder

–  Gas  bubbles  may  be  seen  in  the 

–  The  bladder  is  imaged  via  a  ventral 

dependent portion of the bladder; these 

abdominal approach and gives informa-

may be secondary to catheterization or 

tion  about  size,  shape,   integrity,  wall 

cystocentesis. 

thickness, and luminal content. 

–  Gas in the bladder wall is called emphy-

–  The  normal  bladder  wall  is  smooth, 

sematous cystitis and is often secondary 

with  well- defined  layers.  A  full  colon 

to diabetes mellitus. 

may indent the dorsal bladder wall. 

–  Radiodense  mineralized  calculi  may  be 

–  Inflammation may increase wall thick-

seen in the dependent portion of the blad-

ness,  and  neoplasia  may  form  focal 

der. The type of calculi present cannot be 

masses. 

determined by radiography. Radiolucent 

–  Calculi may be seen as echogenic masses 

calculi  may  not  be  visualized  without 

that cast acoustic shadows. 

ultrasound or contrast studies. 
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●

Positive  contrast  cystography  gives 

i)  Indications

good mucosal detail; however, calculi 

1)  Identification  and  evaluation  of  bladder 

and  small  intraluminal  lesions  may 

shape, size, position, and integrity. 

be masked by the contrast. 

2)  Identification  and  evaluation  of  urethral 

–  Double contrast cystogram

position and integrity. 



●

5–10 ml  of  20%  water- soluble  iodi-

3)  Investigation of persistent feline lower uri-

nated  contrast  medium  is  instilled 

nary tract disease. 

into  the  bladder  followed  immedi-

ii)  Technique

ately  with  air  (the  bladder  is  dis-

1)  If  possible,  the  cat  should  be  fasted  for 

tended as described in the earlier text). 

12–24 hours. 



●

Contrast  media  highlights  the 

2)  A cleansing enema should be administered 

mucosal surface, and the small pool 

2–3 hours prior to the procedure, although 

of contrast that forms in the depend-

may  not  be  required  for  primary  assess-

ent part of the bladder will highlight 

ment of bladder integrity. 

calculi or small masses in that area. 

3)  Ideally,  general  anesthesia  should  be 

–  Positive contrast urethrogram

considered  (as  a  urethral  catheterization 



●

The urinary catheter is withdrawn to 

is required). 

the  proximal  part  of  the  penile 

4)  Plain  survey  radiographs  (orthogonal 

urethra. 

views, lateral and ventrodorsal) should be 



●

5 ml  of  20%  water- soluble  iodinated 

taken to evaluate the urinary tract prior to 

contrast medium is injected. 

urethral  catheterization  and  the  adminis-



●

A  lateral  radiograph  is  taken  at  the 

tration of contrast

end  of  the  injection  centered  at  the 

5)  A sterile urethral catheter should be placed 

bladder neck. 

(as  described  in  the  earlier  text)  and  the 



●

This  allows  evaluation  of  urethral 

bladder emptied of urine. 

integrity and diameter. 

6)  Several  contrast  techniques  are  available 

iii)  Concerns

and the technique chosen will depend on 

1)  Care needs to be taken not to rupture the 

the information required. For example, to 

bladder due to overdistension. 

check  bladder  integrity,  instilling  a  small 

2)  Air embolism as a result of a pneumocyst-

volume of water- soluble iodine media may 

ography is rare, but has been reported as a 

be sufficient, whereas, for diagnostic evalu-

fatal complication. The use of nitrous oxide 

ation  of  feline  lower  urinary  tract  disease 

or carbon dioxide reduces the risk of fatal 

(FLUTD), a combination of techniques will 

embolization, as they are rapidly dissipated 

be required for thorough evaluation of the 

due  to  higher  solubility  when  compared 

lower urinary tract. 

with room air. 

–  Pneumocystogram

j)  Intravenous urography (Figure 21.1)

● 

Air is injected to fill the bladder until 

i)  Indications

moderate  resistance  is  felt  or  the 

1)  Identification  and  evaluation  of  renal 

bladder  is  moderately  distended  on 

shape, size, and position. 

abdominal palpation (approximately 

2)  Identification  and  evaluation  of  ureter 

50 ml air). 

integrity and course (e.g., to evaluate poten-

● 

A lateral radiograph is taken centered 

tial obstruction or avulsion). 

at the bladder neck and a ventrodor-

3)  Investigation  of  urinary  incontinence  or 

sal view taken if needed. 

upper urinary tract hematuria or pyuria. 

–  Positive contrast cystogram

ii)  Technique

● 

Dilute  5–10%  water- soluble  iodi-

1)  If  possible,  the  cat  should  be  starved  for 

nated  contrast  medium  is  instilled 

12–24 hours. 

into the bladder until it is moderately 

2)  A cleansing enema should be administered 

distended  on  abdominal  palpation 

2–3 hours prior to the procedure. 

or  resistance  is  felt  (approximately 

3)  Ideally,  general  anesthesia  should  be 

50 ml). 

performed. 

[image: Image 85]
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k)  Antegrade pyelography image

i)  Indications

1)  Allows  identification  and  evaluation  of 

ureteral size and position. 

2)  Allows  diagnosis  and  localization  of  ure-

teral obstruction. 

ii)  Considerations

1)  Requires a skilled ultrasonographer. 

2)  Plain  radiographs  and  ultrasound  evalua-

tion should be performed prior to antegrade 

pyelography. 

3)  Antegrade  pyelography  allows  ureteral 

evaluation  in  patients  with  compromised 

GFR and avoids the potential nephrotoxic-

ity  associated  with  systemic  contrast 

administration. 

iii)  Technique

1)  If  possible,  the  cat  should  be  fasted  for 

12–24 hours. 

Figure 21.1  Fluoroscopic image of a left- sided antegrade 

2)  A cleansing enema should be administered 

pyelogram, documenting a ureterolith causing a partial 

2–3 hours prior to the procedure. 

obstruction in the distal ureter. 

3)  General anesthesia should be performed. 

4)  Plain  survey  radiographs  (orthogonal 

4)  The kidney of interest is immobilized, so it 

views, lateral and ventrodorsal) should be 

lies  directly  under  the  skin  and  the  area 

taken to evaluate the urinary tract prior to 

over  the  kidney  to  be  aspirated  is  clipped 

the administration of contrast. 

and aseptically prepared. 

5)  A rapid bolus of 600–800 mg/kg of iodinated 

5)  Under  ultrasound  guidance,  a  2.5- in. 

contrast  medium  should  be  given  intrave-

25- gauge spinal needle is inserted into the 

nously and a ventrodorsal radiograph taken 

renal pelvis. 

immediately. Further, films should be taken 

6)  An  extension  set  is  attached  and  urine  is 

at 1, 5, 10, 15, and 20 minutes. 

aspirated for culture and cytology. 

6)  Initial films should be taken in the ventro-

7)  An  equivalent  volume  of  ionic  iodinated 

dorsal position, progressing to lateral views 

contrast media is then instilled slowly into 

once  adequate  opacification  is  achieved. 

the renal pelvis. 

Oblique views may also be helpful. 

8)  The  contrast  is  then  followed  using 

iii)  Concerns

fluoroscopy  or  multiple  radiographs,  with 

1)  Intravenous  urography  is  contraindicated 

filling defects revealing obstruction. 

in  dehydration,  decreased  GFR,  hypov-

iv)  Concerns

olemia, and hyperosmolar states because a 

1)  Hemorrhage or trauma to the renal pelvis. 

diagnostic study requires adequate GFR. 

2)  Nondiagnostic study due to leakage of con-

2)  Renal failure is reported as a consequence 

trast media. 

of  intravenous  urography  in  people  with 

l)  Computer tomography

renal insufficiency. Fluid diuresis after the 

i)  Computer  tomography  (CT)  is  used  as  an 

procedure is therefore suggested. 

adjunct to other imaging modalities. 

3)  Adverse  reactions  include  retching  and 

ii)  CT contrast studies are especially useful in the 

vomiting.  Hypotension  is  also  reported  in 

diagnosis  of  ureteral  obstruction  and  ectopic 

some patients. 

ureters. 

4)  Contrast  media  increases  urine  specific 

iii)  General anesthesia is required. 

gravity measurements. 

m)  Renal biopsy

5)  Contrast media may inhibit the growth of 

i)  Indications

bacteria,  therefore,  interfering  with  urine 

1)  Allows a definitive histopathological diag-

culture and sensitivity. 

nosis and should be considered when this 
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–  Tru- cut biopsy will yield tissue for histo-

management (e.g., diagnose neoplasia, dif-

pathology and culture. It is more inva-

ferentiate differentiate acute kidney injury 

sive than an FNA, but yields information 

from  chronic  renal  disease,  guide  likely 

about tissue structure. 

outcome of continued therapy, etc.). 

–  Good sedation or general anesthesia is 

2)  Definitive  diagnosis  allows  an  accurate 

required. 

prognosis to be given. 

–  The area is clipped and aseptically pre-

3)  Repeated  biopsies  may  yield  information 

pared as for FNAs. 

about the response to treatment. 

–  With  the  kidney  immobilized,  the  tru- 

ii)  Considerations

cut needle (18 g) is then advanced into 

1)  A  renal  biopsy  should  not  be  performed 

the renal cortex. 

until  a  thorough  less- invasive  diagnostic 

–  Biopsies  should  be  taken  at  parallel  to 

investigation has been performed. 

renal pelvis in order to avoid the ureter 

2)  Platelet numbers, buccal mucosal bleeding 

and renal vessels. 

time,  and  a  coagulation  profile  should  be 

–  Once  collected,  the  sample  should  be 

checked before biopsy, as uremia can cause 

fixed  in  formalin  and  sent  for 

thrombocytopathia and an increased risk of 

histopathology. 

hemorrhage. 

–  Coagulopathies,  pyelonephritis,  and 

iii)  Technique

hydronephrosis are considered contrain-

1)  Fine- needle aspiration (FNA)

dications to tru- cut biopsy. 

–  The  cat  is  sedated  and  percutaneous 

3)  Surgical biopsy

aspirates  are  taken  for  cytological 

–  Surgical  biopsies  yield  the  largest  vol-

evaluation. 

ume  of  tissue  for  histopathology  and 

–  Ultrasound  guidance  is  advantageous, 

therefore allow the most accurate diag-

as  it  allows  accurate  needle  placement 

nosis to be made. 

and  monitoring  of  any  postaspiration 

–  Obtaining  surgical  biopsies  requires 

complications such as hemorrhage. 

general anesthesia and exploratory lapa-

–  FNAs are useful for the diagnosis of dis-

rotomy or laparoscopy. 

eases  where  cells  aspirate  easily,  for 

iv)  Concerns

example, renal lymphoma or inflamma-

1)  Complications are rare, but include

tory conditions, but can give inconclu-

–  Leakage  of  urine,  for  example, 

sive results. 

uroperitoneum. 

–  The  kidney  of  interest  is  immobilized, 

–  Hemorrhage (gross or microscopic). 

so it lies directly under the skin (if using 

–  Spread of infection, for example, leakage 

ultrasound  guidance,  this  is  best  done 

of infected urine from pyelonephritis or 

by an assistant). 

rupture of a renal abscess. 

–  The area over the kidney to be aspirated 

–  Possible  seeding  of  neoplastic  cells 

is clipped and aseptically prepared. 

along the biopsy path. 

–  A 1- in. 22- gauge needle is inserted grad-

v)  Histopathological interpretation

ually  into  the  kidney  and  sequentially 

1)  Good  prognostic  signs  include  tubular 

moved  back  and  forth  through  the 

regeneration  and  an  intact  basement 

renal cortex. 

membrane. 

–  Using an air- filled syringe, the contents 

2)  Poor  prognostic  signs  include  tubular 

of  the  needle  can  be  deposited  onto  a 

necrosis,  basement  membrane  disruption, 

slide  and  smears  made  for  cytological 

and interstitial mineralization. 

evaluation. 

n)  Interpretation of urine output

–  Repeat  sampling  with  aspiration  of 

i)  Normal urine output is 1–2 ml/kg/h. 

the  syringe  can  be  performed  if  the 

ii)  Oliguria is urine output <0.5 ml/kg/h. 

cell  harvest  is  poor  or  for  FNAs  of 

iii)  Anuria  is  the  complete  absence  of  urine 

more  solid  tissue,  for  example,  a 

production. 

focal mass. 

iv)  Urine production must be interpreted in con-

2)  Tru- cut biopsy

junction with intravascular volume status. 
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v)  Urine output is a function of renal perfusion 

–  Sedation  or  general  anesthesia 

and renal function

necessary. 

1)  If renal perfusion falls, then glomerular fil-

–  Patient in dorsal recumbency and abdo-

tration  will  decrease  leading  to  reduced 

men shaved. 

urine output. 

–  Patient  draped  and  strict  aseptic  tech-

2)  Mean  arterial  blood  pressure  needs  to  be 

nique maintained. 

above  60 mmHg  to  maintain  renal  perfu-

–  Percutaneous trocar technique

sion. Mean pressures <60 mmHg or systolic 



●

Stab  incision  3–5 cm  lateral  to  the 

pressure <80 mmHg  will  therefore  lead  to 

umbilicus. 

progressive oliguria. 



●

Catheter tunneled caudally from stab 

3)  Reduced glomerular or tubular flow (acute 

incision  before  entering  abdomi-

kidney injury) will reduce urine production. 

nal cavity. 

vi)  Placing a urinary catheter will allow accurate 



●

Catheter threaded off trochar. 

measurement of urine production. 

–  Surgically placed

vii)  Weighing  diapers,  monitoring  bladder  size 



●

Omentectomy via midline celiotomy. 

with ultrasound, and weighing the cat are non-



●

End  of  catheter  placed  in  inguinal 

invasive but less accurate methods of monitor-

region. 

ing urine production. 



●

Catheter to exit abdomen via tunnel 

o)  Peritoneal dialysis

3–5 cm lateral to the umbilicus. 

i)  Indications

–  Catheter secured with purse string and 

1)  Anuric renal failure. 

Chinese finger trap. 

2)  Oliguric renal failure with hyperkalemia. 

–  Catheters with Dacron cuffs should be 

3)  Oliguric renal failure and fluid overload. 

used  in  long- term  dialysis  patients  to 

4)  Severe clinical uremia (polyuric or olig-

avoid  the  use  of  suture  which  may 

uric renal failure) unresponsive to fluid 

increase infection rate. 

therapy. 

3)  Dialysate

5)  Postrenal uremia resulting from obstruction. 

–  Products containing various concentrations 

6)  Dialyzable toxicities, for example, barbitu-

of dextrose are commercially available. 

rates, ethylene glycol, etc. 

–  “Homemade”  using  lactated  Ringer’s 

ii)  Considerations

solution (LRS). 

1)  Requires sedation or anesthesia for place-

–  Solutions  contain  1.5–4.25%  dextrose. 

ment of peritoneal dialysis catheter. 

Variations in dextrose alter the osmolal-

2)  Dialysis  catheters  can  rapidly  become 

ity of the solution, with the higher con-

occluded. Prior omentectomy recommended 

centration  being  used  to  remove  fluid 

to  avoid  this  (requires  general  anesthesia 

from the overhydrated patient. 

and midline celiotomy). 

–  Some  authors  recommend  the  use  of 

3)  Contraindications

heparin (250–1000 IU/l) in the dialysate 

–  Peritoneal adhesions. 

for  the  first  few  days  to  help  prevent 

–  Compromised peritoneum

occlusion of the catheter. 

● 

Diaphragmatic hernia. 

–  Dialysate  should  be  warmed  to  38 °C 

● 

Recent abdominal surgery (relative). 

to  help  improve  permeability  of  the 

● 

Inguinal  or  abdominal  hernias 

peritoneum. 

(relative). 

–  Volume of dialysate instilled should be 

–  Any  condition  that  may  result  in 

approximately  10 ml/kg  for  the  initial 

increased intra- abdominal pressure. 

24 hours,  and  gradually  increase  to 

4)  Labor- intensive. 

30 ml/kg following this. 

iii)  Technique

4)  Dialysis

1)  Dialysis catheters

–  Ensure aseptic technique. 

–  Percutaneous (short term). 

–  One- third of the calculated dialysate vol-

–  Surgically implantable. 

ume  should  be  instilled  in  the  initial 

–  Laparoscopic. 

24 hours to prevent high intra- abdominal 

2)  Placement

pressures and dialysate leakage. 
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–  Use a closed Y system to reduce poten-

4)  Visceral damage. 

tial for contamination. 

5)  Electrolyte imbalances. 

–  Use “drain first, infuse later” principle 

6)  Overhydration. 

to reduce potential for infection. 

7)  Hypoalbuminemia. 

–  Instill 10 ml/kg over 10 minutes for the 

p)  Hemodialysis

initial 24 hours. 

i)  Indications

–  Gradually increase to 30 ml/kg after the 

1)  Anuric renal failure. 

initial 24 hours. 

2)  Oliguric renal failure with hyperkalemia. 

–  In the acute setting, dialysate remains in 

3)  Oliguric renal failure and fluid overload. 

abdomen for approximately 30 minutes 

4)  Severe clinical uremia (polyuric or oliguric 

(dwell time). 

renal failure) unresponsive to fluid therapy. 

–  Dialysate removed under gravity during 

5)  Postrenal uremia resulting from obstruc-

over 20 minutes. 

tion  or  rupture  to  the  urinary  collecting 

–  Process  repeated  every  hour  until 

system. 

patient  clinically  improved  and  serum 

6)  Dialyzable toxicities, for example, barbitu-

creatinine and BUN have decreased by 

rates, ethylene glycol, etc. 

one third. 

ii)  Considerations

–  Do  not  attempt  to  reduce  the  BUN  by 

1)  Limited availability. 

more  than  one- third  over  the  initial 

2)  Expensive. 

24 hours or dialysis disequilibrium syn-

3)  Requires sedation for placement of tempo-

drome may develop. 

rary dialysis catheter or general anesthesia 

–  Continue with acute dialysis until BUN 

for  placement  of  permanent  (tunneled 

has reached 60–100 mg/dl. 

long- term) dialysis catheter. 

–  Chronic  dialysis  with  a  dwell  time  of 

iii)  Complications

3–6 hours should then be implemented, 

1)  Hemorrhage. 

and rates adjusted accordingly to main-

2)  Catheter- related bloodstream infection. 

tain a BUN of approximately 70 mg/dl. 

3)  Thrombosis. 

iv)  Concerns

4)  Dialysis  disequilibrium  syndrome  (too 

1)  Septic peritonitis. 

rapid a drop in BUN). 

2)  Catheter occlusion. 

5)  Hypotension while receiving dialysis (due to 

3)  Dialysate leakage. 

volume of blood in extracorporeal circuit). 
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Urologic Emergencies: Ureters, Bladder, Urethra, GN, and CKD

 Andréanne Cléroux

UNIQUE FEATURES



● In cats with urethral obstruction, bradycardia and circulatory collapse might support the presence of severe azotemia, hyperkalemia, and decreased ionized calcium. 



● Urinalysis and culture with antimicrobial sensitivity should be performed in the preliminary diagnostic workup of azotemic patients. 



● In critically ill cats with renal dysfunction, urine output should be monitored hourly. 

22.1   Definitions

C)  Urine specific gravity (USG): measure of the solute con-

centration in urine to assess renal tubular function. 

A)  Azotemia is defined as an increase in blood urea nitrogen 

D) Pollakiuria: abnormal frequent passage of urine. 

(BUN) and/or creatinine. Uremia is used to describe the 

E)  Stranguria: difficult, slow, spasmodic passage of urine, 

clinical syndrome where adverse clinical manifestations 

often associated with pain. 

develop in a patient secondary to more severe azotemia 

F)  Dysuria: painful passage of urine. 

and its associated biochemical abnormalities (alterations 

G) Periuria: urination in inappropriate locations. 

in  electrolytes,  acid–base  status,  water  balance,  meta-

H) Polyuria: increased urine output (>2 ml/kg/h). 

bolic and hormonal abnormalities, etc.). 

I)  Oliguria: reduced urine output (<1 ml/kg/h). 

B)  Azotemia  develops  secondary  to  pre- renal,  renal,  or 

J)  Anuria:  lack  of  urine  production  over  a  period  of 

post- renal causes, or a combination of thereof. 

6 hours. 

a)  Pre- renal azotemia, also termed volume- responsive 

azotemia,  is  due  to  decreased  renal  perfusion. 

Causes  include  dehydration,  hypovolemia,  hypo-

22.2   Disease  Conditions

tension, and decreased cardiac output. Correction 

of  the  underlying  cause  results  in  resolution  of 

Feline idiopathic cystitis (FIC)

azotemia unless secondary intrinsic kidney injury 

A) Definitions

has occurred. 

a)  Most  common  lower  urinary  tract  disorder  in 

b)  Renal azotemia is due to the loss of intrinsic renal 

domestic  cats.  It  is  a  syndrome  characterized  by 

function, secondary to primary intrinsic renal dis-

various combinations of lower urinary tract signs. 

eases or ischemia, various toxins and medications, 

FIC  can  be  complicated  by  urethral  obstruction 

and systemic diseases. 

(UO) in 15–57% male cats. 

c)  Post- renal  azotemia  is  caused  by  urinary  obstruc-

b)  The pathophysiology is not completely understood, 

tion (at the level of the renal pelvis, ureter[s], blad-

but genetic factors and epigenetic and environmen-

der, or urethra) or urine leakage. Correction of the 

tal  influences  have  been  identified.  Damage  to  or 

obstruction/leakage  results  in  resolution  of 

malfunction of the glycosaminoglycan layer of the 

azotemia unless secondary intrinsic kidney injury 

urothelium  and  abnormalities  in  local  sensory 

has occurred. 

neurons, sympathetic nervous system, and central 
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nervous  system  are  known  to  occur  in  these 

ii)  FIC being a diagnosis of exclusion, abdominal 

patients. 

radiographs,  including  the  entire  urinary  sys-

c)  FIC is a diagnosis of exclusion after other causes of 

tem, and a urinalysis, should be considered in 

feline  lower  urinary  tract  disease  (FLUTD)  have 

all patients. 

been  excluded,  such  as  urolithiasis,  urinary  tract 

iii)  In patients with recurrent or chronic persistent 

infection, neoplasia, and anatomical defects. 

episodes or in older patients, additional diag-

B)  Diagnosis

nostic  tests  should  be  considered,  including 

a)  Clinical presentation

complete  blood  count  and  chemistry  panel, 

i)  Historical  findings  might  include  acute  onset 

urine culture, urinary ultrasound, and contrast 

of hematuria, dysuria, stranguria, pollakiuria, 

cystourethrography  to  differentiate  behavioral 

and periuria. Vocalization in the litter box and 

disorders from FLUTD and FIC. 

excessive grooming of the genital area may also 

iv)  Which tests will yield the most benefit for each 

be noted. 

individual  patient  must  be  decided  based  on 

ii)  Stranguria and dysuria may be confounded for 

the cat’s signalment and clinical signs. 

constipation by pet owners. 

v)  Urinalysis

iii)  In cases of obstructive FIC, inability to urinate 

1)  Hematuria  and  proteinuria  are  common 

may be accompanied by symptoms of varying 

findings in cats with FIC. 

severity, including lethargy/weakness to stupor 

2)  If  USG  is  decreased  (<1.035),  bloodwork 

and  coma,  hyporexia/anorexia,  nausea,  and 

should be obtained to evaluate kidney func-

vomiting. 

tion and for the presence of systemic disease 

iv)  Patient  may  have  a  previous  history  of  acute 

impacting the kidneys’ concentrating ability. 

self- limiting,  frequently  recurring,  or  chronic 

vi)  Urine culture

persistent episodes of FIC. 

1)  In cats <10 years of age, urine culture is neg-

v)  Uncommon in cats under 1 year of age, with 

ative 98% of the time. 

peak occurrence between 2 and 7 years of age. 

2)  Should be performed in cats:

No  difference  in  risk  for  FIC  between  males 

–  With 

recurrent 

(>2 

episodes) 

and females. 

FLUTD signs. 

vi)  Overweight  body  condition,  stress,  and  an 

–  Older than 10 years with FLUTD signs. 

indoor- restricted environment are risk factors. 

–  With  a  USG  <1.030  or  pyuria/

The  exact  nature  of  these  predispositions 

bacteriuria. 

remains to be determined. 

–  That underwent perineal urethrostomy. 

b)  Physical examination

vii)  Abdominal radiographs

i)  May be unremarkable in cases of nonobstruc-

1)  Must  include  the  entire  urinary  tract 

tive FIC or may reveal the following findings:

(including urethra). 

1)  Thickened and painful bladder wall or non-

2)  Assess for the presence of radiopaque cystic 

specific abdominal pain. 

calculi. 

2)  Erythematous/bruised perineal area due to 

viii)  Abdominal ultrasound

excessive grooming. 

1)  Allows for evaluation of bladder wall thick-

ii)  In cases of obstructive FIC, the bladder is large 

ness, and to look for stones, blood clots, pol-

and  firm  and  nonexpressible.  These  patients 

yps, and mass lesions. 

require immediate care. Refer to the next sec-

2)  Wall  thickening  somewhat  depends  on  the 

tion (urethral obstruction) for information per-

volume of urine in the bladder. In a nondis-

taining to this condition. 

tended bladder, evaluation of the wall thick-

c)  Diagnostic tests

ness is subjective according to the amount of 

i)  In cats under the age of 10 years, FIC accounts 

distension. In a fully distended bladder, nor-

for 60–70% of the cats presenting for FLUTD, 

mal wall thickness is approximately 1–2 mm. 

whereas it accounts for 5% in older cats. Clinical 

3)  Evaluation  of  the  urethra  is  limited  to  its 

signs  resolve  within  1–7 days  in  85%  patients 

most proximal aspect. 

with  nonobstructive  FIC  without  treatment. 

ix)  Contrast cystourethrogram

Thus,  it  is  debatable  whether  any  diagnostics 

1)  Usually  unremarkable,  but  diffuse  or  asym-

should be performed for a young cat presenting 

metrical  thickening  of  the  bladder  wall  may 

for the first time for FLUTD. 

be seen. 
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2)  Indicated in elderly cats (>10 years of age) 

d)  Second- tier  treatments  are  recommended  for  cats 

where FLUTD and FIC are not as likely and 

suffering multiple FIC episodes or for cats experi-

the clinical signs persist or keep reoccurring. 

encing chronic signs of FIC— introduction to multi-

3)  Can be useful to diagnose radiolucent cal-

modal environmental modification (MEMO):

culi and other lesions such as mass lesions, 

i)  Changes in the cat’s environment to reduce the 

blood clots, and strictures in cats with recur-

likelihood of activation of the stress response 

rent episodes. 

system,  which  may  include  client  education, 

x)  Cystoscopy

encourage  increased  water  intake,  ensure 

1)  Can  be  performed  in  female  cats  when 

access  to  fresh  water  at  all  times,  progressive 

FLUTD  signs  fail  to  resolve  after  standard 

transition to a canned food diet, change to an 

therapy  and  after  initial  diagnostics  have 

unscented clumping litter, improved litter box 

been performed. 

management, provision of climbing structures, 

2)  Allows for complete evaluation of the lower 

perches, and scratching posts, increased client 

urinary tract and can help rule out less com-

interaction with the cat, and resolution of con-

mon diseases. 

flict in multiple- cat households. 

3)  Allows for biopsies of the bladder mucosa to 

ii)  Anxiolytics may be considered

be obtained. 

1)  Amitriptyline

C)  Treatments

–  Tricyclic antidepressant. 

a)  Many cats improve within 1–7 days with or without 

–  Stabilizes  mast  cells  that  may  infiltrate 

therapy. 

the bladder in cats with FIC and reduces 

b)  Tiers of treatment are recommended based on the 

inflammatory changes. 

cat’s history, clinical presentation, and response to 

–  2.5–12.5 mg/cat PO SID at night. 

treatment. 

–  Taper off the drug when discontinuing. 

c)  First- tier treatments are recommended for cats suf-

e)  Paucity  of  randomized  controlled  studies  evaluat-

fering their first FIC episode or for those with infre-

ing different treatment options. 

quent flares of FIC. 

f)  Male cats should be watched closely for signs of UO. 

i)  Analgesia should be provided for 5–7 days

D) Prognosis

1)  Buprenorphine

a)  Recurrence  of  FIC  in  up  to  65%  of  cats  within 

–  0.005–0.02 mg/kg 

sublingual 

every 

1–2 years. 

8–12 hours. 

2)  Non- steroidal  anti- inflammatory  drugs 

(NSAIDs)

22.3   Urethral  Obstruction

–  Inhibit  the  activity  of  cyclooxygenases 

(COX)  and  decrease  the  synthesis  of 

A) Definitions

prostaglandins. 

a)  UO can be caused by idiopathic obstructions (54%), 

–  Should be used judiciously given the risk 

urethral plugs (20%), urethral calculi (20%), and less 

for dehydration- associated reduced renal 

commonly strictures or neoplasia (collectively, <5% 

blood flow in these patients and potential 

of cases). 

for  acute  kidney  injury  with  the  use  of 

i)  Idiopathic  obstructions  are  often  caused  by 

this medication. 

urethral spasm and edema, as seen in cases of 

3)  Gabapentin

obstructive FIC. 

–  5–10 mg/kg PO every 8–12 hours. 

b)  Urethral plugs may be composed primarily of crys-

4)  Unknown  effect  of  these  medications  on 

talline material, of cellular/proteinaceous material, 

future recurrence of signs. 

or composed of an admixed population of crystal-

ii)  Sedation may be indicated for cats that are anx-

line and cellular/proteinaceous material. 

ious during an acute episode or flare- up. 

i)  Struvite  is  the  most  common  mineral  in  ure-

iii)  Antibiotics are usually not indicated unless in 

thral plugs. 

the presence of pyuria/bacteriuria or a positive 

c)  Strictures can be caused by trauma or be associated 

urine culture. 

with congenital anatomical abnormalities. 

iv)  If  urethral  spasm  is  believed  to  contribute  to 

d)  Predisposing factors include increased body weight, 

the patient’s clinical signs, phenoxybenzamine 

inactivity, and experiencing stressful situations. 

or prazosin may be used. 

B)  Diagnosis
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a)  Clinical presentation

ii)  An  electrocardiogram  (ECG)  should  be 

i)  Most commonly seen in male cats— male cats 

obtained if a fast, slow, or irregular heart rate is 

have a long and narrow urethral lumen and are 

auscultated.  Abnormalities  caused  by  hyper-

more at risk to develop a UO than females. 

kalemia may include:

ii)  Historical  findings  might  include  acute  onset 

1)  Mild  hyperkalemia:  increased  amplitude 

of hematuria, dysuria, stranguria, pollakiuria, 

and narrowing of the T wave, shortening of 

and periuria. Excessive vocalization and exces-

the QT interval. 

sive  grooming  of  the  genital  area  may  also 

2)  Moderate  hyperkalemia:  prolonged  PR 

be noted. 

interval  and  widening  of  QRS  complex, 

iii)  Stranguria and dysuria may be confounded for 

decreased P- wave amplitude. 

constipation  by  pet  owners  due  to  increased 

3)  Severe  hyperkalemia:  disappearance  of  P 

time and effort spent in the litter box. 

wave,  pronounced  bradycardia.  May  pro-

iv)  Inability  to  urinate  may  be  accompanied  by 

gress  to  merging  of  QRS  complex  with  T 

symptoms  of  varying  severity,  including  leth-

wave, ventricular fibrillation, and ventricu-

argy/weakness to stupor and coma, hyporexia/

lar asystole. 

anorexia, nausea, and vomiting. 

iii)  Complete blood count (CBC), serum biochem-

v)  Patient  may  have  a  previous  history  of  acute 

istry, and urinalysis should be obtained, though 

self- limiting,  frequently  recurring,  or  chronic 

it is not necessary to evaluate such results prior 

persistent episodes of FIC. 

to obstruction relief in unstable cats. 

vi)  Bacterial involvement is rarely reported in UO 

iv)  Urinalysis  may  show  hematuria,  pyuria,  pro-

in cats. 

teinuria,  struvite  crystalluria,  and  granu-

b)  Physical examination

lar casts. 

i)  Distended,  firm,  and  nonexpressible  bladder 

v)  Survey abdominal radiographs should be per-

with gentle palpation. Abdominal palpation is 

formed to rule out the presence of radiopaque 

often painful. 

cystoliths and urethroliths. 

1)  Absence of a palpable bladder does not rule 

1)  Pericystic  effusion  resulting  in  a  loss  of 

out  UO.  Seldom,  the  bladder  can  rupture 

abdominal  detail  may  be  seen  in  some 

because of the severe inflammation and the 

cats. 

increased pressure. 

vi)  Uroliths  and  urethral  plugs  removed  should 

ii)  Perineal  area  or  penis  may  be  reddened  and 

always  be  submitted  for  quantitative  urolith 

traumatized from excessive grooming. 

analysis. 

iii)  A  urethral  plug  may  be  seen  at  the  tip  of 

1)  The  quantitative  analysis  report  will  list 

the penis. 

approximate  percentages  of  mineral(s) 

iv)  Signs of dehydration may be noted. 

found in the layers of the sample submitted. 

v)  Some cats may present with severe cardiovas-

2)  Mineral  content  is  important  to  know  to 

cular  compromise,  while  others  may  be 

implement  stone  dissolution/prevention 

very stable. 

strategies. 

vi)  Cats that are more severely affected may pre-

vii)  Urinary ultrasound may be considered in cases 

sent with tachypnea, bradycardia, arrhythmia, 

of  re- obstruction,  chronic  lower  urinary  tract 

hypothermia, and circulatory collapse. 

signs,  in  cases  where  the  azotemia  fails  to 

c)  Diagnostic tests

improve as expected post decompression, and 

i)  An  extended  database  (packed  cell  volume 

in older cats. 

[PCV]/total solids [TS], electrolytes, acid–base 

1)  Common  ultrasound  findings  within 

status, glucose, Azo stick, etc.) should be per-

24 hours  of  diagnosis  include  a  large  dis-

formed  to  look  for  evidence  of  metabolic 

tended  bladder,  echogenic  urine  sediment, 

derangements, particularly in ill cats. 

and bladder- wall thickening. Pericystic effu-

1)  Severity  of  abnormalities  will  depend  on 

sion, hyperechoic pericystic fat, pyelectasia, 

duration  and  degree  (partial  or  complete 

renomegaly, perirenal effusion, hyperechoic 

UO) of obstruction. 

perirenal fat, and ureteral dilation may also 

2)  In  patients  with  metabolic  derangements, 

be seen. 

hyperkalemia, acidemia, ionized hypocalce-

2)  Small cystic calculi as well as proximal ure-

mia, and azotemia are common. 

thral calculi can be identified. 

[image: Image 86]
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viii)  Contrast  fluoroscopic/radiographic  studies 

may be considered in cats with recurrent UO to 

rule out urethral stricture or in suspected cases 

of urethral tear. 

C)  Treatments

a)  Regardless  of  the  underlying  cause,  relief  of 

obstruction, reestablishment of urine flow, and cor-

rection  of  fluid,  electrolyte,  and  acid–base  imbal-

ances  associated  with  obstruction  and  post- renal 

azotemia are the first steps in proper management. 

b)  The  severity  of  clinical  signs,  ECG  findings,  and 

severity of bladder distension dictate how quickly 

and in what order treatments must be performed. 

c)  Critically ill cats with UO and severe azotemia often 

have  hypotension  and  decreased  tissue  perfusion 

due  to  hypovolemia  and  metabolic  disturbances 

Figure 22.1  Male urethral catheterization setup: (1) Sterile scrub. (2) Sterile gloves. (3) Sterile lubricant. (4) Sterile drape. 

and associated venous dilation and decreased car-

(5) 3.5 Fr flushable tomcat catheter. (6) Urine collection bag. 

diac output. 

(7) 1 in. roll of tape. (8) 3–5 10 ml sterile saline flushes. 

d)  An  intravenous  catheter  should  be  placed  and 

(9) 3/0 Nylon on straight needle. (10) Red top samples for 

an  emergency  extended  database  should  be 

urinalysis and urine culture. (11) Urine collection bowl. 

obtained. 

e)  The  patient  must  be  stabilized  and  metabolic 

of  hyperkalemia  on  the  myocardium,  and  its 

derangements (hypovolemia, hyperkalemia, hypoc-

effect will last for 10–15 minutes. 

alcemia, metabolic acidosis, etc.) treated first. 

1)  Monitor  with  ECG.  Too- rapid  infusion  of 

f)  If poor tissue perfusion is present (and no obvious 

calcium may manifest on the ECG as pro-

physical examination evidence of cardiac disease is 

longed PR intervals, widened QRS complex, 

present,  such  as  loud  heart  murmur  or  gallop 

shortened QT interval, shortened or absent 

rhythm), a fluid bolus of a balanced electrolyte solu-

ST  segment,  and  widened  T  wave. 

tion should be administered. 

Bradycardia may progress to complete heart 

i)  After cardiovascular status is improved, paren-

block, asystole, and cardiac arrest. If any of 

teral administration of fluid should be contin-

these abnormalities are noted, the calcium 

ued  and  relief  of  the  urinary  obstruction 

infusion should be stopped. 

attempted. 

iv)  Sodium bicarbonate, 1 mEq/kg IV slowly, will 

g)  If severe hyperkalemia is present and causing brad-

shift  potassium  to  the  intracellular  compart-

ycardia  and  cardiac  electrical  conduction  distur-

ment, and its effect lasts for up to 2 hours. 

bances, it should be treated immediately. 

1)  Caution:  it  may  decrease  the  ionized  cal-

i)  Regular  insulin,  0.1–0.25 U/kg  IV  with  a 

cium concentration further, leading to clini-

0.25–0.5 g/kg dextrose IV bolus. 

cal  signs  of  hypocalcemia  (tetany, 

1)  IV  dextrose  should  be  diluted  1:2  prior 

seizures, etc.). 

administration in a peripheral vein. 

v)  Monitor blood gas regularly

2)  Dextrose  should  be  added  to  IV  mainte-

1)  Reestablishment  of  urine  flow  after  unob-

nance fluids (2.5–5% concentration) to pre-

structing the cat will result in kaliuresis and 

vent hypoglycemia. 

a 

rapid 

decrease 

in 

potassium 

3)  Insulin will shift potassium to the intracel-

concentration. 

lular  compartment  and  its  effect  lasts 

h)  Plugs usually occur at the tip of the penis where the 

4–6 hours. 

urethra is very narrow, but they can occur anywhere 

ii)  A dextrose bolus alone (0.5 g/kg IV) will induce 

in the urethra. The tip of the penis should be exam-

endogenous insulin release in the nondiabetic 

ined, and if a plug is present, it should be dislodged. 

patient,  which  translocates  potassium 

i)  All items needed to relieve the obstruction should 

intracellularly. 

be gathered and ready (Figure 22.1). 

iii)  Calcium gluconate 10%, 0.5–1 ml/kg IV slowly 

i)  An open- end tomcat catheter should primarily 

over 10 minutes, will rapidly oppose the effect 

be used to relieve the obstruction. 

[image: Image 87]
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j)  Heavy  sedation  or  anesthesia  is  needed  to  allow 

ii)  Catheter  advancement  should  be  attempted 

proper manipulation of the cat’s penis and passage 

again until it can be introduced in the bladder. 

of the urinary catheter (for more in- depth detail, see 

Using saline flushing can ease the passage of 

Chapter  5—Anesthesia  for  Critically  Ill  Feline 

the catheter into the bladder in some cases. 

Patient  &  Chapter  6—Anesthetic  Protocols  for 

iii)  Once  the  catheter  is  in  the  bladder,  urine 

Systemically Healthy Cats). 

should flow into the catheter. 

i)  In  critically  ill  cats,  this  procedure  might  be 

iv)  The bladder can be emptied by aspirating the 

well tolerated with analgesia only. 

urine with a syringe attached to the end of the 

ii)  Analgesia  should  be  provided:  methadone 

catheter. Samples should be saved for urinalysis 

(0.05–0.2 mg/kg), hydromorphone (0.05–0.1 mg/

and urine culture. 

kg), buprenorphine (0.01–0.02 mg/kg), or butor-

v)  Once  the  bladder  is  emptied,  it  should  be 

phanol (0.2–0.4 mg/kg). 

flushed  with  sterile  saline  until  no  improve-

iii)  Then  the  combination  of  midazolam  and 

ment in urine color or clarity is seen. 

propofol  or  alfaxalone  to  effect  provides  ade-

vi)  Depending on the type of tomcat catheter used, 

quate sedation. 

the  catheter  may  be  directly  sutured  to  the 

iv)  Flow- by  oxygen  should  be  provided  if  the 

patient’s prepuce (e.g., Mila tomcat catheter) or 

patient is not intubated. 

may  need  to  be  exchanged  for  an  indwelling 

v)  A caudal epidural (also referred to as a sacro-

urinary catheter (e.g., red rubber catheter). 

coccygeal  or  coccygeal  epidural)  can  be  per-

m) Ultrasound  or  abdominal  radiographs  are  used  to 

formed  to  provide  analgesia  to  the  penis  and 

check urinary catheter placement in the bladder. 

urethra and to reduce the amount of intrave-

n)  The urinary catheter is attached to a closed- drainage 

nous anesthesia needed. 

system (Figure 22.2). 

k)  The catheterization technique should be atraumatic 

o)  If  the  obstruction  cannot  be  relieved  via  urethral 

and as gentle as possible. 

catheterization,  decompressive  cystocentesis  is 

i)  The severely inflamed urethra and bladder are 

recommended. 

fragile and can easily rupture. 

i)  Complications are rare, but include extravasa-

ii)  It is important to follow sterility principles:

tion of urine into the peritoneal cavity, urinary 

1)  Clip  the  hair  from  the  perineum  and 

bladder rupture, or damage to the urinary blad-

prepuce. 

der wall. 

2)  Aseptically prepare the skin. 

p)  Urethral catheterization should be attempted again 

3)  Place  the  sterile  drape  with  the  prepuce 

after the cystocentesis. 

exposed. 

q)  If  still  unsuccessful  at  relieving  the  obstruction, 

4)  Use sterile gloves when placing the catheter. 

percutaneous  antegrade  urethral  catheterization 

iii)  Small  amount  of  sterile  lubricant  gel  should 

can  be  performed  under  fluoroscopic  guidance. 

be placed at the tip of the tomcat catheter for 

lubrication. 

iv)  The penis is extruded from the prepuce and 

the  tip  of  the  catheter  is  placed  in  the 

urethra. 

v)  Once the catheter is inserted, the penis is pulled 

within  the  prepuce  dorsally  and  caudally  to 

straighten the urethra. 

l)  Once the catheter has been inserted into the ure-

thra, it should be advanced gently until urine flow is 

obtained. 

i)  If  the  catheter  does  not  advance  easily  and 

resistance  is  met,  a  syringe  filled  with  sterile 

saline is used to perform retrograde urohydro-

propulsion to push the obstructive debris back 

into  the  bladder. The  catheter  may  be  moved 

backward and forward during this process. 

Figure 22.2  Closed- drainage system for urinary catheter. 
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Alternatively, a percutaneous cystostomy tube can 

i)  Clinical signs depend on the underlying cause 

be placed. 

of  urethral  tear  and  may  include  dysuria, 

r)  Following  unobstruction,  urine  output  should  be 

hematuria, pain, bruising of the perineal/pel-

monitored hourly. 

vic  region,  and  edematous  and  swollen 

i)  Postobstructive  diuresis  is  a  frequent  finding 

hind legs. 

following  unobstruction  and  can  be  very 

b)  Physical examination

pronounced. 

i)  Findings will depend on underlying cause of 

ii)  Special attention should be given to match the 

urethral tear. 

“ins–outs” (see Chapter 8— Fluid Therapy). 

ii)  As needed, the hair around the perineum may 

s)  Monitor  body  temperature  and  provide  heat  sup-

be clipped to allow better examination of the 

port if needed. 

area; skin discoloration, edema, cellulitis, and 

t)  When traditional care is declined, a low- cost proto-

bruising may be present. 

col  including  sedation,  one- time  catheterization, 

c)  Diagnostic tests

and outpatient care may allow for resolution of UO 

i)  AFAST  (abdominal  focused  assessment  with 

in some patients. 

sonography for trauma) may be used to look for 

u)  Dietary  and  environmental  changes  should  be 

presence of abdominal effusion. 

made as needed. 

ii)  Laboratory  findings  (CBC,  chemistry  panel)

i)  The Minnesota Urolith Center website (http://

may  indicate  dehydration,  azotemia,  hyper-

ve t m e d . u m n . e d u / c e n te r s -  p ro g ra m s /

phosphatemia, anemia, and leukocytosis. 

Minnesota- urolith- center/urolith- analysis/

iii)  Pelvic radiographs may be considered to look 

treatment- recommendations)  may  be  confor evidence of pelvic fracture. 

sulted  for  treatment  and  prevention  recom-

iv)  Definitive diagnosis is obtained via retrograde 

mendations for various stone types in cats. 

contrast  cystourethrogram.  This  study  should 

v)  Refer to the previous section (feline idiopathic cysti-

be  performed  under  fluoroscopic  guidance  to 

tis) for treatment recommendations in cats with UO 

better  assess  location  of  leakage  and  severity 

secondary to FIC. 

of tear. 

D) Prognosis

C)  Treatment

a)  Survival  to  discharge  is  high  (91–94%),  but  pro-

a)  A balanced crystalloid solution should be adminis-

longed UO usually carries more severe morbidity. 

tered intravenously to correct electrolyte, acid–base, 

i)  Death can occur due to consequences of severe 

and perfusion abnormalities. 

dehydration, hyperkalemia, metabolic acidosis, 

b)  Analgesia  should  be  provided  (buprenorphine, 

and hypocalcemia. 

methadone, or fentanyl CRI) and adjusted based on 

b)  Recurrence rates range from 15 to 40%. 

patient’s pain score. 

c)  Perineal urethrostomy is indicated in cats refractory 

c)  A urinary catheter should be placed and connected 

to medical management. 

to a closed- drainage system. The catheter should be 

i)  Complications include urethral stricture, recur-

kept in place for a few days and up to a few weeks. 

rent  bacterial  urinary  tract  infection,  wound 

A retrograde contrast cystourethrogram should be 

dehiscence, extravasation of urine, and stricture. 

performed prior to catheter removal. If the leak is 

ii)  Recurrent  uroliths  and  FIC  episodes  can 

still present, the urinary catheter may need to be left 

still occur. 

in place longer. 

i)  If a urinary catheter cannot be easily advanced 

into  the  bladder  due  to  the  tear,  a  0.035- in. 

22.4   Urethral  Tear

hydrophilic  angled  guidewire  may  be  used 

under fluoroscopic guidance to access the blad-

A) Definitions

der.  An  appropriately  sized  over- the- wire  uri-

a)  Urethral tears are most often secondary to trauma 

nary  drainage  catheter  or  5  Fr  red  rubber 

(pelvic  fracture,  hit  by  car  (HBC),  penetrating 

catheter  (with  the  tip  cut  off)  can  then  be 

wound such as gunshot wound, etc.) or iatrogenic 

advanced  over  the  wire  and  into  the  urinary 

damage during traumatic catheterization. 

bladder. 

B)  Diagnosis

ii)  If the urethra cannot be catheterized in a retro-

a)  Clinical presentation

grade fashion, percutaneous antegrade urethral 
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catheterization can be performed under fluoro-

3)  Bacteria may not be seen, particularly when 

scopic  guidance.  Placement  of  a  cystostomy 

the USG is low and urine is dilute. 

tube may also be considered. 

ii)  Urine  culture  and  sensitivity  should  be  per-

d)  Surgical  correction  (primary  closure)  may  be 

formed in all cases. 

required in cases of complete or extensive urethral 

1)  Gold  standard  for  diagnosis  of  bacterial 

tear or lack of resolution following placement of an 

cystitis. 

indwelling urinary catheter. 

2)  Urine  sample  should  be  collected  prior  to 

initiation of antibiotic therapy. 

–  Cystocentesis should be performed unless 

contraindicated for the patient. 

22.5   Bacterial  Cystitis

iii)  Diagnosis is based on the presence of lower uri-

nary  tract  signs  and  supportive  urine  culture 

A) Definitions

results. 

a)  Uncommon condition in cats. 

iv)  In  cases  of  recurrent  bacterial  cystitis,  addi-

b)  Most bacterial cystitis develop as a consequence of 

tional  diagnostics  may  be  considered  such  as 

an  ascending  infection  of  pathogens  through  the 

bloodwork (CBC, chemistry panel), abdominal 

genital tract and urethra to the bladder. 

ultrasonography,  abdominal  radiographs,  and 

c)  Sporadic bacterial cystitis: bacterial infection of the 

cystoscopy  to  look  for  underlying  causes  and 

lower  urinary  tract  with  associated  lower  urinary 

predisposing factors. 

tract signs. 

C)  Treatment

d)  Recurrent  bacterial  cystitis:  bacterial  infection  of 

a)  Antimicrobials  should  be  administered  based  on 

the  lower  urinary  tract  with  associated  lower  uri-

results of urine culture and sensitivity. 

nary tract signs in a patient that has experienced 3 

i)  If  culture  and  sensitivity  are  not  performed, 

or more episodes of bacterial cystitis within the pre-

amoxicillin is a good empirical choice. 

ceding 12 months or 2 or more episodes in the pre-

b)  Sporadic bacterial cystitis

ceding 6 months. 

i)  Duration of therapy is 3–5 days. 

e)  Subclinical bacteriuria: presence of bacteria in the 

ii)  Post- treatment urinalysis or urine culture is not 

urine  in  the  absence  of  associated  lower  urinary 

recommended  unless  clinical  signs  have  not 

tract signs. 

resolved. 

f)  A single pathogen is isolated in majority of cases. 

c)  Recurrent bacterial cystitis

i)   Escherichia coli is the most common isolate, but 

i)  A 3–5- day course of antibiotics can be consid-

gram- positive cocci such as  Staphylococcus and 

ered,  but  a  longer  course  (7–14 days)  may  be 

 Streptococcus  account  for  the  next  most  com-

necessary. 

mon isolates. 

ii)  Predisposing  factors  should  be  identified  and 

g)  Risk factors include immunosuppression, previ-

controlled if possible. 

ous  indwelling  catheterization,  perineal  ure-

iii)  Repeat  urine  culture  and  sensitivity  may  be 

throstomy,  cystostomy  tube,  congenital  or 

considered  5–7  days  after  completion  of 

acquired anomalies of the lower urinary tract, 

treatment. 

urinary incontinence, etc. 

B)  Diagnosis

a)  Clinical presentation

22.6   Ureteral  Obstruction

i)  Clinical signs are indistinguishable from other 

cases of FLUTD. 

A) Definitions

ii)  Pollakiuria,  stranguria,  dysuria,  hematuria, 

a)  Benign ureteral obstructions are caused by uretero-

and periuria may be noted. 

lithiasis,  solidified  blood  clots,  ureteral  strictures, 

b)  Diagnostic tests

ureteritis, trauma, and iatrogenic ligation. 

i)  Urinalysis should be performed in all cases. 

b)  Malignant ureteral obstructions are uncommon. 

1)  Hematuria, pyuria, and bacteriuria are typi-

c)  Ureteral obstruction leads to decreased renal blood 

cally present. 

flow and glomerular filtration rate due to increased 

2)  Urine  sediment  should  be  stained  with  a 

pressure within the renal pelvis and ureter. These 

modified  Wright  stain  for  microscopic 

changes  result  in  renal  tubular  injury  and  acute 

examination of the sediment. 

kidney injury. 
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d)  The  damage  caused  by  a  ureteral  obstruction 

–  Pyelectasia/hydronephrosis  and  ureteral 

depends on the degree of obstruction (unilateral vs 

dilation caused by an obstructive calculus 

bilateral; partial vs complete), duration, and on the 

is diagnostic for a ureteral obstruction. 

presence of underlying kidney disease. 

–  In cases of ureteral obstruction second-

B)  Diagnosis

ary  to  stenosis  or  solidified  blood  clots, 

a)  Clinical presentation

the cause of the obstruction may not be 

i)  Clinical signs of obstruction may not be appar-

seen on ultrasound. 

ent  unless  bilateral  obstruction,  unilateral 

–  In one study, the median greatest pelvic 

obstruction with underlying kidney disease, or 

height was 10.4 mm (range 3.1–19.3 mm) 

concomitant  infection  of  the  urinary  tract  is 

and associated ureteral dilation was pre-

present. 

sent in 82% cases. 

ii)  Symptoms are usually nonspecific and include 

–  It is important to note that minimal pel-

inappetence,  vomiting,  lethargy,  polyuria/

vic dilation and ureteral dilation may be 

polydipsia (PU/PD), lumbar pain, weight loss, 

present in cats with ureteral obstruction. 

etc. In severe cases, oliguria or anuria may be 

–  Pyelectasia and ureteral dilation may be 

seen  with  its  associated  metabolic 

caused by other conditions such as pyelo-

disturbances. 

nephritis,  chronic  kidney  disease,  and 

b)  Physical examination

ectopic ureters, and are important condi-

i)  Physical  examination  findings  may  be 

tions to distinguish from ureteral obstruc-

non- specific. 

tion, as the treatment recommendations 

ii)  Hypersalivation,  uremic  ulcers,  dehydration, 

will vary widely. 

abdominal  discomfort,  and  renomegaly  may 

2)  Abdominal radiographs

be noted. 

–  Combination  of  survey  radiographs  and 

c)  Diagnostic tests

abdominal  ultrasonography  may  be 

i)  Laboratory  findings  may  be  unremarkable  or 

required to identify the presence of ure-

may reveal variable elevation of serum creati-

teral  stones  that  may  have  been  missed 

nine, BUN, and phosphorus. 

on ultrasound. 

1)  Factors  affecting  the  degree  of  azotemia 

–  The  limit  of  radiographic  detection  of 

include:

stones is 2 mm. Many ureteral stones are 

–  Unilateral 

or 

bilateral 

ureteral 

smaller  than  2 mm,  but  big  enough  to 

obstruction. 

cause  a  ureteral  obstruction  due  to  the 

–  Degree  (partial  or  complete)  of  ureteral 

small luminal diameter of ureters in cats 

obstruction. 

(0.4 mm). 

–  Underlying  chronic  kidney  dis-

–  Most ureteral stones are composed of cal-

ease (CKD). 

cium oxalate and are radiopaque. 

–  Degree of prerenal azotemia. 

iv)  Additional  imaging  modality,  such  as  ante-

2)  Other findings such as hyperkalemia, meta-

grade pyelography, may be considered in cases 

bolic acidosis, and anemia may be noted. 

where abdominal ultrasonography +/− abdom-

ii)  A urine sample should be collected and submit-

inal radiograph is inconclusive. 

ted for urinalysis and urine culture and sensi-

1)  This  technique  allows  visualization  of  the 

tivity prior to administration of IV fluids and 

pelvis and ureter. 

antibiotics. 

2)  Allows for collection of a urine sample from 

1)  Abnormalities  noted  may  include  isos-

the renal pelvis. 

thenuria,  hematuria,  pyuria,  bacteriuria, 

3)  Potential complications include renal hem-

and crystalluria. 

orrhage,  perirenal  hemorrhage,  pelvic  lac-

2)  Concurrent  urinary  tract  infections  are 

eration,  renal  pelvic  clot  formation,  and 

noted in up to 32% of cats. 

fluid/contrast leakage in the capsule or ret-

iii)  Diagnostic  imaging  is  essential  in  patients 

roperitoneal space. 

with  ureteral  obstruction.  Abdominal  ultra-

v)  Excretory  urography  is  not  recommended,  as 

sonography  and  radiography  are  most  com-

this imaging modality relies on glomerular fil-

monly used. 

tration rate (GFR) for excretion of the iodinated 

1)  Abdominal ultrasonography

contrast  agent  from  the  kidney.  In  cases  of 
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ureteral obstruction, opacification of the pelvis 

2)  Fluid  overload  and  overzealous  fluid  ther-

and ureter with the contrast medium may be 

apy must be avoided. 

minimal to absent, making it a non- diagnostic 

3)  Interstitial  and  intravascular  fluid  status 

study. Moreover, IV administration of iodinated 

should  be  monitored  regularly  (every  2–4 

contrast agent should be avoided in azotemic 

hours) in patients with acute kidney injury 

patients  due  to  the  risks  of  vasoconstriction 

to prevent development of fluid overload or 

and cytotoxicity to renal tubular cells and asso-

dehydration. 

ciated  radiographic  contrast- media- induced 

ii)  Antibiotics

acute kidney injury. 

1)  Concurrent  urinary  tract  infections  are 

C)  Treatment

noted in up to 32% of cats. 

a)  Rapid  surgical  intervention  is  indicated  once  the 

2)  Antibiotic  therapy  should  be  considered, 

diagnosis has been made because recovery of renal 

especially  if  urinalysis  results  and  ultra-

function  is  inversely  related  to  the  duration  of 

sonographic  changes  are  suggestive  of  an 

obstruction. 

infection. 

i)  The patient should be treated medically until it 

3)  In azotemic patients, dose reduction should 

is stable for definitive surgical correction of the 

be considered if antibiotics with renal excre-

ureteral obstruction. 

tion are utilized. 

ii)  Fluid,  electrolyte,  and  acid–base  balance 

iii)  Analgesia  should  be  administered  for  pain 

should be restored prior to surgery. 

control. 

b)  Critically ill cats with ureteral obstruction and acute 

iv)  In  cases  of  obstruction  caused  by  ureteral 

kidney injury often have decreased tissue perfusion 

stones  or  debris,  attempt  to  promote  the  pas-

due  to  hypovolemia  and  cardiac  dysfunction  sec-

sage of this material may be considered. 

ondary to hyperkalemia, acidosis, and dehydration. 

1)  Success  rate  is  generally  low  (13%  in  one 

c)  An  intravenous  catheter  should  be  placed  and  an 

study), but should be considered for 24 hours 

emergency database (PCV, TS, blood glucose (BG), 

unless otherwise contraindicated. 

blood gas, etc.) should be obtained. 

2)  Osmotic diuretics

d)  Balanced isotonic crystalloid fluid therapy is used to 

–  Mannitol administered as an initial bolus 

restore intravascular volume and correct dehydra-

(0.25–1 g/kg  over  20–30 minutes)  fol-

tion,  and  is  based  on  physical  examination  and 

lowed by a 24- hour constant rate infusion 

diagnostic findings. 

(60 mg/kg/h)

i)  Fluid  overload  and  overzealous  fluid  therapy 



●

Acts as an osmotic diuretic to increase 

must be avoided. 

urine  production  and  in  some  cases 

ii)  Interstitial and intravascular fluid status should 

may  help  the  passage  of  stones  or 

be  monitored  regularly  (every  2–4  hours)  in 

debris down the ureter into the bladder. 

patients  with  acute  kidney  injury  to  prevent 



●

Contraindicated  in  patients  with  sig-

development of fluid overload or dehydration. 

nificant underlying heart disease or in 

e)  An electrocardiogram should be obtained if a fast, 

anuric patients. 

slow, or irregular heart rate is auscultated. 

–  Furosemide  may  be  used  if  mannitol  is 

i)  Hyperkalemia can cause severe cardiac rhythm 

contraindicated for a given patient. 

abnormalities  (see  the  section  “Urethral 

3)  Alpha- receptor antagonists

Obstruction”  in  the  earlier  text  for  a  detailed 

–  Prazosin 0.25–0.5 mg/cat PO q12–24h. 

description). 

–  Tamsulosin 

0.004–0.006 mg/kg 

PO 

f)  If severe hyperkalemia is present and causing brad-

q12–24h (extra- label dose). 

ycardia  and  cardiac  electrical  conduction  distur-

–  May  promote  ureteral  smooth  muscle 

bances,  it  should  be  treated  immediately  (see  the 

relaxation. 

section “Urethral Obstruction” in the earlier text for 

–  Limited  veterinary  data  regarding 

its treatment). 

efficacy. 

g)  Medical management

4)  Amitriptyline HCl

i)  Fluid therapy

–  1 mg/kg  PO  SID  (extra- label  use 

1)  Once  rehydrated,  maintenance  fluid  ther-

and dose). 

apy  using  balanced  isotonic  crystalloids 

–  Tricyclic  antidepressant  that  may  pro-

should be administered to promote diuresis. 

mote  ureteral  smooth  relaxation  by 
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depolarization of the membrane by open-

obstruction,  progressive  azotemia,  anemia, 

ing the potassium channels. 

ureteral stricture, etc. 

–  Limited  veterinary  data  regarding 

j)  Ureteral stenting

efficacy. 

i)  Consists of a double pigtail ureteral stent which 

5)  Repeat  imaging  should  be  performed 

allows for relief of the obstruction, passive ure-

24 hours after initiation of medical manage-

teral dilation,  flow  of  urine  within  and  along 

ment to evaluate for improvement/progres-

the  stent,  and  in  some  cases  subsequent  pas-

sion of the changes initially noted. If a lack 

sages of ureteral stones. 

of  improvement  or  progression  of  the 

ii)  Technically  challenging  in  cats  due  to  small 

changes  is  noted,  medical  management 

ureteral size. 

should be  discontinued and surgical  inter-

iii)  Short-  and  long- term  complications:  ureteral 

vention performed. 

tear, urine leakage (from the pyelocentesis, ure-

v)  If medical management fails or if the patient is 

terotomy,  or  cystostomy  incisions),  stent- 

unstable  (severely  azotemic,  hyperkalemic, 

associated lower urinary tract signs, recurrent 

fluid  overloaded,  becoming  oliguric/anuric, 

ureteral obstruction, stent migration, ureteritis, 

etc.),  immediate  surgical  intervention  should 

infection,  encrustation,  need  for  stent 

be considered. 

exchange/removal,  or  conversion  to  SUB 

vi)  In severely azotemic and hyperkalemic patients 

placement. 

that are refractory to medical management or in 



■

Renal function should be preserved and ureterone-

anuric  patients,  extracorporeal  renal  replace-

phrectomy considered a last resort option only. 

ment therapy may be offered pending relief of 

D) Prognosis

the ureteral obstruction. If this treatment modal-

a)  Prognosis is variable and depends on the duration 

ity  is  not  available,  surgical  or  percutaneous 

and  severity  of  the  obstruction,  the  presence  of 

placement of a nephrostomy tube may be consid-

underlying 

renal 

disease, 

and 

other 

ered to relieve the obstructive nephropathy. 

comorbidities. 

h)  Surgical interventions

i)  The  type  of  intervention  recommended  will 

depend on the cause and site of obstruction, the 

22.7   Ureteral  Tear

number of stones (if present), concurrent pres-

ence of nephroliths, the severity of patient ill-

A) Definitions

ness, the surgeon’s preference, and equipment 

a)  Injury to the ureters can occur from:

available. 

i)  Blunt or penetrating abdominal injury. 

ii)  Subcutaneous ureteral bypass device

ii)  Iatrogenically  during  abdominal  surgery 

1)  Consists  of  a  locking- loop  nephrostomy 

(occurs most commonly as a complication dur-

catheter, cystostomy catheter, and a subcu-

ing ovariohysterectomy and resection of a cau-

taneous port. 

dal  abdominal  or  pelvic  neoplasm)  or 

2)  Short- and long- term complications: device 

laparoscopy. 

occlusion  with  blood  clots,  urine  leakage, 

iii)  Secondary to ureteral obstruction. 

kinking  of  the  tubing,  renal/subcapsular 

B)  Diagnosis

bleeding,  anemia,  catheter  mineralization 

a)  Clinical presentation

and  subsequent  obstruction,  subcutaneous 

i)  Patients  may  present  with  nonspecific  signs 

ureteral bypass (SUB)- associated lower uri-

such as anorexia, vomiting, and lethargy. 

nary tract signs, infection, etc. 

ii)  Clinical signs associated with blunt trauma or 

i)  Ureterotomy or ureteral resection and anastomosis 

penetrating abdominal injury may be present. 

or ureteral reimplantation (neoureterocystostomy) 

b)  Physical examination

+/− renal descensus and cystopexy. 

i)  May reveal lethargy, and abnormal cardiopul-

i)  Magnification is often needed for surgery due 

monary  auscultation  including  tachycardia, 

to the small ureteral size in cats in addition to 

bradycardia, or other arrhythmias. 

microsurgery  instrumentation  and  small 

ii)  Abdominal pain may be noted. 

suture sizes. 

iii)  Findings associated with blunt trauma or pen-

ii)  Short-  and  long- term  complications:  urine 

etrating abdominal injury may be present. 

leakage/uroabdomen,  persistent  ureteral 

c)  Diagnostic tests
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i)  Laboratory findings may reveal variable eleva-

iii)  Uroabdomen leads to direct tissue injury, blood 

tion of serum creatinine, BUN, and phosphorus. 

loss,  electrolyte  and  metabolic  derangements, 

1)  Other findings such as hyperkalemia, meta-

and chemical peritonitis. 

bolic acidosis, and anemia may be noted. 

iv)  May present with unspecific signs such as ano-

ii)  A urine sample should be collected and submit-

rexia, vomiting, and lethargy. 

ted  for  urinalysis  and  urine  culture  and 

v)  Abdominal pain may be present. 

sensitivity. 

vi)  Other signs of trauma, such as fracture, trau-

iii)  Abdominal radiographs

matic brain injury, and shock, may be present 

1)  Loss of retroperitoneal detail may be noted. 

depending  on  the  underlying  cause  of 

iv)  An AFAST or abdominal ultrasound should be 

uroabdomen. 

performed to evaluate for the presence of peri-

b)  Physical examination

toneal and/or retroperitoneal effusion. If pre-

i)  May reveal lethargy, and abnormal cardiopul-

sent,  the  effusion  should  be  sampled  and 

monary  auscultation  including  tachycardia, 

analyzed 

(cytology 

and 

biochemical 

bradycardia, or other arrhythmias. 

characteristics). 

ii)  Severe  abdominal  pain  and  a  palpable  fluid 

v)  Iatrogenic  ureteral  injuries  are  rarely  recog-

wave may be noted. 

nized at the time of surgery, and are often diag-

iii)  Bruising  of  the  inguinal  or  perineal  regions 

nosed a few days after surgery when the patient 

may be noted. 

becomes clinical. 

iv)  Urinary signs may be present such as hematu-

1)  If  ureteral  injury  is  suspected  during  sur-

ria,  stranguria,  dysuria,  and  anuria.  The  uri-

gery  and  cannot  be  confirmed  by  visual 

nary bladder may or may not be palpable. 

examination,  retrograde  ureteral  catheteri-

c)  Diagnostic tests

zation (via cystostomy) can be attempted as 

i)  An  extended  database  (PCV/TS,  electrolytes, 

well  as  a  retrograde  contrast  ureteropyelo-

acid–base  status,  glucose,  Azo  stick,  etc.) 

gram if fluoroscopy is available. 

should  be  performed  to  look  for  evidence  of 

vi)  Refer to the next section (uroperitoneum) for 

metabolic  derangements,  particularly  in 

additional  diagnostic  tests  that  may  be 

ill cats. 

considered. 

ii)  Severity of abnormalities will depend on dura-

C)  Treatment

tion of uroabdomen. 

a)  Several  surgical  procedures  may  be  considered 

iii)  An electrocardiogram should be obtained if a 

including  ureteral  stenting,  ureteral  anastomosis, 

fast, slow, or irregular heart rate is auscultated. 

ureteral  reimplantation  (neoureterocystostomy), 

Refer to the section “Urethral Obstruction” in 

SUB placement, etc. Nephroureterectomy should be 

the earlier text for a description of the abnor-

considered as a last resort option, as it is not renal 

malities caused by hyperkalemia. 

sparing. 

iv)  CBC,  serum  biochemistry,  and  urinalysis 

should be obtained, though it is not necessary 

to evaluate such results prior to stabilization of 

22.8   Uroperitoneum

unstable cats. 

1)  The most common findings in patients with 

A) Definitions

uroabdomen are post- renal azotemia, meta-

a)  Accumulation of urine in the peritoneal cavity, ret-

bolic 

acidosis, 

hyperkalemia, 

and 

roperitoneal  cavity,  or  both  due  to  rupture  of  the 

hyperphosphatemia. 

urinary  tract  (kidney,  pelvis,  ureter,  bladder,  ure-

2)  Urinalysis may show hematuria and pyuria. 

thra, etc.). 

v)  An AFAST should be performed to evaluate for 

B)  Diagnosis

the presence of peritoneal and/or retroperito-

a)  Clinical presentation

neal effusion. If present, the effusion should be 

i)  May be caused by blunt trauma or penetrating 

sampled and analyzed (cytology and biochemi-

injury, iatrogenic injury, may be secondary to 

cal characteristics). 

an obstruction or neoplasia, or be spontaneous 

1)  Abdominal  effusion  may  be  identified  as 

(rupture of a large intrarenal cyst). 

urine by:

ii)  Urinary  bladder  is  the  most  common  site  of 

–  Comparison of the abdominal fluid cre-

rupture. 

atinine  and  potassium  concentration  to 
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their concentration in a peripheral blood 

the  presence  of  a  tear  proximal  to  the 

sample collected at the same time. 

bladder. 

● 

Large  creatinine  molecules  do  not 

4)  Excretory  urography  may  be  considered  if 

diffuse  readily  across  the  peritoneal 

no leakage is noted from the bladder or ure-

membrane into the blood, leading to 

thra or if a tear proximal to the bladder is 

a  gradient  between  creatinine  con-

suspected. 

centration  in  serum  and  abdomi-

–  IV  administration  of  iodinated  contrast 

nal fluid. 

agent  should  be  avoided  in  dehydrated 

● 

A 2:1 ratio of creatinine concentration 

patients due to the risks of vasoconstric-

in  the  abdominal  fluid  compared  to 

tion and cytotoxicity to renal tubular cells 

that  in  the  serum  is  predictive  for 

and  associated  radiographic  contrast- 

uroabdomen. 

media- induced acute kidney injury. 

● 

A  potassium  concentration  in  the 

C)  Treatment

abdominal  fluid  higher  than  in  the 

a)  Initial stabilization of patients with severe trauma 

serum with a ratio of >1.9:1 is predic-

or  evidence  of  hypovolemic  shock  should  be  per-

tive for uroabdomen. 

formed immediately upon presentation. 

–  Cytologic evaluation of the effusion may 

b)  Urinary  diversion  may  be  considered  in  patients 

reveal the presence of a transudate, modi-

that are not stable for advanced diagnostic tests or 

fied transudate, or exudate. 

surgery. This may include placement of a urinary 

–  Bacteriologic  culture  of  the  peritoneal 

catheter, placement of a cystostomy tube, or perito-

effusion should be performed and broad- 

neal drainage via placement of a peritoneal catheter. 

spectrum  antibiotic  therapy  should  be 

c)  Renal replacement therapy should be considered in 

initiated pending culture and sensitivity 

patients  with  severe  azotemia  and  hyperkalemia 

results. 

until metabolic, fluid, and electrolyte disturbances 

vi)  Survey  radiographs  may  be  suggestive  of  uri-

have been corrected. 

nary  tract  injury,  but  are  of  limited  diag-

d)  The decision between surgical or conservative man-

nostic use. 

agement is based on the site and the extent of the 

1)  They  may  reveal  a  decrease  in  abdominal 

lesion as well as associated injuries. 

detail due to the presence of peritoneal or 

i)  Once  the  patient  is  stable,  surgery  should  be 

retroperitoneal effusion. 

performed to repair the defect. 

2)  The margins of the bladder may or may not 

e)  A small tear in the bladder and/or urethra may not 

be visible. 

require surgery. 

vii)  Abdominal ultrasonography

i)  A urinary catheter and closed- drainage system 

1)  Allows for evaluation of the kidneys, renal 

can be left in place for a few days to weeks. 

pelvises,  ureters,  bladder,  and  proximal 

f)  Conservative therapy

urethra. 

i)  Fluid therapy and drainage of urine from the 

2)  It  may  be  difficult  to  identify  the  site  of 

peritoneal cavity are important to stabilize the 

leakage. 

patient. 

viii)  Retrograde  positive  contrast  cystography  can 

ii)  Placement  of  a  urinary  catheter  may  be  suc-

be  performed  to  evaluate  the  integrity  of  the 

cessful in patients with partial urethral tear and 

bladder and urethra. 

small bladder rupture. 

1)  This study should be performed under fluor-

1)  The urinary catheter should be kept in place 

oscopic guidance to better assess location of 

for a few days to weeks. A retrograde con-

leakage  and  severity  of  tear.  Alternatively, 

trast cystourethrogram should be performed 

radio graphic  positive  contrast  cystography 

prior to catheter removal. If the leak is still 

can also be performed. 

present, the urinary catheter may need to be 

2)  This method is very accurate for the diagno-

left in place longer. 

sis of urinary tract injuries. 

2)  If  a  urinary  catheter  cannot  be  easily 

3)  Accuracy depends largely on the amount of 

advanced into the bladder due to the tear, a 

contrast  medium  injected,  and  false  nega-

0.035- in. hydrophilic angled guidewire may 

tive results may be from inadequate disten-

be  used  under  fluoroscopic  guidance  to 

sion of the bladder with contrast medium or 

access  the  bladder.  An  appropriately  sized 
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over- the- wire urinary drainage catheter or 5 

aminoglycoside,  sulfonamides,  etc.),  urolithiasis, 

Fr red rubber catheter (with the tip cut off) 

and acute kidney injury. CKD may also be idiopathic. 

can then be advanced over the wire and into 

d)  By the time of diagnosis, the cause of chronic kid-

the urinary bladder. 

ney disease is often not identifiable. 

3)  If the urethra cannot be catheterized in a 

e)  Differentiation  between  acute- on- chronic  kidney 

retrograde  fashion,  percutaneous  ante-

disease  and  chronic  kidney  disease  may  be  chal-

grade urethral catheterization can be per-

lenging, as the markers used to diagnose these con-

formed  under  fluoroscopic  guidance. 

ditions are the same and indicate decreased renal 

Placement  of  a  cystostomy  tube  may  also 

function  (creatinine,  symmetric  dimethylarginine 

be considered. 

[SDMA], etc.). The differentiation is therefore based 

4)  Pain management should be instituted and 

on a number of factors, including the history, physi-

administered as intermittent injections or as 

cal  examination  findings,  bloodwork,  and  ultra-

a  constant  rate  infusion  based  on  the 

sonographic findings. 

patient’s pain score. 

f)  Chronic  kidney  disease  is  staged  using  the  IRIS 

g)  Surgical repair

(International  Renal  Interest  Society)  guidelines 

i)  Exploratory surgery should be performed once 

based  on  blood  creatinine  and  SDMA  concentra-

the patient is stable. 

tions.  It  is  substaged  by  proteinuria  and  blood 

ii)  The type of procedure performed will depend 

pressure. 

on the site of urinary leakage, extent of lesions, 

i)  IRIS  stage  I  (non- azotemic):  creatinine 

health  of  tissue,  surgeon’s  preference,  and 

<1.6 mg/dl, SDMA <18 μg/dl, but concomitant 

equipment available. 

presence of other renal abnormalities such as 

iii)  Urine  is  irritating  to  the  tissues  and  causes 

decreased USG, renal changes noted on ultra-

chemical peritonitis. 

sonography,  proteinuria,  abnormal  renal 

iv)  The degree of peritonitis may differ depending 

biopsy, or progressive elevations in creatinine/

on duration, amount of urine leakage, and bac-

SDMA in serial blood samples. 

terial contamination. 

ii)  IRIS stage II: creatinine 1.6–2.8 mg/dl, SDMA 

v)  A septic peritonitis may also develop if urinary 

18–25 μg/dl. 

tract infection was present before urinary tract 

iii)  IRIS stage III: creatinine 2.9–5.0 mg/dl, SDMA 

rupture. 

26–38 μg/dl. 

D) Prognosis

iv)  IRIS  stage  IV:  creatinine  >5.0 mg/dl,  SDMA 

a)  The  site  and  severity  of  the  urinary  tract  injury, 

>38 μg/dl. 

presence  of  concomitant  injuries,  as  well  as  the 

g)  Acute  worsening  of  the  renal  function  (acute- on- 

severity of the metabolic derangements will affect 

chronic kidney disease) is often associated with a 

outcome. 

condition that leads to dehydration or hypotension 

b)  A delay in diagnostics and treatment may increase 

and subsequent renal hypoperfusion. However, this 

the mortality rate. 

may also happen without the presence of an identi-

fiable cause. 

h)  Anorexia  and  vomiting  may  result  from  central 

22.9   Acute- on- Chronic 

(uremic toxins affect the appetite centers and stimu-

Kidney Disease

late the chemoreceptor trigger zone) and peripheral 

(uremic gastritis caused by an increased production 

A) Definitions

of gastrin and the effects of an elevated BUN on the 

a)  Chronic kidney disease is an irreversible and pro-

gastrointestinal (GI) tract mucosa) mechanisms. 

gressive  deterioration  of  renal  function  resulting 

i)  Systemic hypertension is common in cats (20–65%) 

from decreased number of functional nephrons. 

with chronic kidney disease and will develop dur-

b)  The  prevalence  of  chronic  kidney  disease  in  cats 

ing the course of the disease in approximately 10% 

increases with age. 

of patients. 

c)  Various  risk  factors  have  been  identified  for  the 

i)  Hypertension  is  defined  as  a  systolic  blood 

development  of  chronic  kidney  disease  including 

pressure of 160 mmHg or higher. 

certain  breeds  (Persian,  Abyssinian,  Siamese, 

ii)  Fundic  examination  should  be  performed  to 

Ragdoll,  Burmese,  Russian  Blue,  Maine  Coon, 

look for evidence of target organ damage (pin-

etc.),  comorbidities,  diets,  drugs  (NSAID, 

point retinal hemorrhage, retinal detachment, 
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subretinal hemorrhage, subretinal edema, and 

hyperechogenicity  with  decreased  corti-

vision loss). 

comedullary distinction, parenchymal min-

B)  Diagnosis

eralization  foci,  nephrolithiasis,  infarcts, 

a)  Clinical presentation

and cortical cysts. 

i)  Clinical signs may include polyuria/polydipsia, 

2)  In  addition  to  the  aforementioned  signs, 

anorexia,  vomiting,  diarrhea,  constipation, 

additional  findings  in  cases  of  acute- on- 

dehydration,  oral  ulcerations,  weakness,  and 

chronic kidney injury may include progres-

weight loss. 

sive  hyperechogenicity  of  the  cortex  and 

b)  Physical examination

medulla  and  decreased  corticomedullary 

i)  Physical examination may be unremarkable. 

distinction,  mild  pyelectasia,  hilar  fat  and 

ii)  Hypersalivation,  uremic  ulcers,  pale  mucous 

perirenal fat hyperechogenicity, retroperito-

membranes,  dehydration,  systolic  heart  mur-

neal effusion, and relative renomegaly com-

mur,  and  abdominal/renal  discomfort  may 

pared to baseline. 

be noted. 

vii)  Electrolytes  and  acid–base  status  should  be 

c)  Diagnostic tests

monitored closely, particularly in oliguric, anu-

i)  Initial  database  should  include  a  complete 

ric, or severely polyuric patients. 

blood  count,  chemistry  panel,  venous  blood 

C)  Treatments

gas, urinalysis, and urine culture. 

a)  Adequate extracellular fluid volume must be main-

ii)  Indirect blood pressure should be obtained and 

tained  to  maximize  renal  perfusion  and  assist  in 

a fundic exam performed. 

excretory function. 

iii)  Bloodwork findings may reveal azotemia, met-

b)  Parenteral fluid therapy is important in the initial 

abolic  acidosis,  hyperphosphatemia,  hypoka-

treatment of the uremic cat, and its goals include 

lemia  or  hyperkalemia,  evidence  of 

extracellular fluid volume expansion, correction of 

dehydration, and a non- regenerative anemia. 

electrolyte and acid–base disturbances, and reduc-

1)  Hypokalemia  can  lead  to  muscular  weak-

tion of the magnitude of azotemia (see Chapter 8— 

ness, 

often 

recognized 

as 

neck 

Fluid Therapy). 

ventroflexion. 

i)  Fluid  overload  and  overzealous  fluid  therapy 

2)  Plasma  phosphorus  concentration  is 

must be avoided. 

inversely  proportional  to  GFR.  The 

ii)  Interstitial and intravascular fluid status should 

decreased  functional  renal  mass  seen  in 

be  monitored  regularly  (every  2–4  hours)  to 

patients  with  CKD  leads  to  phosphorus 

prevent  development  of  fluid  overload  or 

retention and decreased calcitriol synthesis, 

dehydration. 

which  leads  to  renal  secondary 

iii)  The ins and outs should be carefully monitored. 

hyperparathyroidism. 

Urine  output  can  be  monitored  accurately  by 

3)  Non- regenerative anemia is due to decreased 

weighing diapers, using Nosorb litter, etc. 

erythropoietin production by the kidney. In 

iv)  Assessment  of  body  weight,  serial  measure-

some  patients,  gastrointestinal  loss  due  to 

ments  of  PCV/TS,  looking  for  evidence  of 

hemorrhage  and  shortened  RBC  life  span 

development  of  chemosis,  serous  nasal  dis-

may also be contributing to the anemia. 

charge, interstitial edema, and changes in res-

iv)  Urinalysis

piratory  rate  and  pulmonary  auscultation  are 

1)  Urinalysis may reveal isosthenuria, protein-

parameters that can be used to evaluate fluid 

uria, tubular casts, hematuria, and pyuria. 

balance. 

2)  Urine  protein:creatinine  ratio  (UPCR) 

c)  Uremia

should be performed concomitantly. 

i)  Nutritional therapy is a cornerstone to manage-

v)  Urine culture

ment  of  kidney  disease,  and  renal  diets  have 

1)  Urine culture should be performed to rule 

been shown to reduce the risk of uremic crisis 

out the presence of a urinary tract infection/

and to prolong survival. 

pyelonephritis. 

ii)  Canned  prescription  renal  diets  promote 

vi)  Abdominal ultrasound

increased fluid intake. 

1)  Changes associated with chronic kidney dis-

iii)  In  some  cases,  temporary  (nasoesophageal  or 

ease may include decreased renal size, irreg-

nasogastric  tube)  or  permanent  (esophagos-

ular  margins,  cortical  and  medullary 

tomy  tube)  feeding  tubes  may  be  needed  to 
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achieve adequate nutrition and provide enteral 

ii)  A pRBC transfusion should be given in patients 

water supplementation. 

with severe anemia. 

iv)  Antacids, antiemetics, and appetite stimulants 

iii)  In  patients  with  moderate  to  severe  anemia 

are useful in the management of GI signs asso-

(PCV  20%  or  below),  hormone  supplementa-

ciated with uremia. 

tion should be considered. 

1)  Antacids

1)  Darbepoetin

–  Proton- pump  inhibitors  are  more  effec-

–  Biosynthetic erythropoietic agent. 

tive  than  histamine  antagonists  and  do 

–  1 mcg/kg  SQ  weekly  until  target  PCV  is 

not require dose adjustment in azotemic 

attained and then frequency of adminis-

patients. 

tration can be decreased. 



●

Pantoprazole: 1 mg/kg IV SID–BID. 

–  May  lead  to  formation  of  antibodies 



●

Omeprazole: 1 mg/kg BID. 

against  recombinant  human  erythropoi-

2)  Antiemetics

etin (rHuEPO) leading to pure red blood 

–  Maropitant

cell aplasia. 



●

Has  been  demonstrated  to  palliate 

iv)  Functional iron deficiency is seen in cats with 

vomiting associated with CKD in cats. 

anemia due to CKD and iron supplementation 



●

1 mg/kg IV q24h or 2 mg/kg PO q24h. 

may be needed. 

–  Ondansetron 0.2–1 mg/kg IV/PO q8–12h. 

1)  Iron dextran. 

–  Metoclopramide given as a constant rate 

2)  Patients that receive a red blood cell transfu-

infusion at 1–2 mg/kg/day. 

sion  do  not  require  concurrent  iron 

3)  Appetite stimulants

supplementation. 

–  Mirtazapine

f)  Potassium



●

Effective  appetite  stimulant  and 

i)  Hyperkalemia

antiemetic in cats with CKD. 

1)  Severe hyperkalemia may present and asso-



●

1.88 mg per cat PO q48h. 

ciated  with  oliguric  or  anuric  acute- on- 

–  Capromorelin

chronic kidney disease, and may be causing 



●

Off- label use in cats. 

bradycardia  and  cardiac  electrical  conduc-



●

1–3 mg/kg PO q24h. 

tion  disturbances;  it  should  be  treated 

d)  Hyperphosphatemia

immediately.  Refer  to  the  “Urethral 

i)  Phosphorus  level  should  be  tightly  regulated  to 

Obstruction”  section  for  treatment  recom-

avoid hyperphosphatemia, renal secondary hyper-

mendations for severe hyperkalemia. 

parathyroidism, and progression of renal disease. 

2)  In cases of mild hyperkalemia, a prescrip-

ii)  Feed  a  renal  prescription  diet  (phosphorus 

tion  renal  diet  with  the  lowest  potassium 

restricted). 

content should be fed. 

iii)  If  diet  alone  is  not  sufficient  to  correct  mild 

–  Oral potassium binders (sodium polysty-

hyperphosphatemia  or  if  moderate  to  severe 

rene) may also be considered. 

hyperphosphatemia  is  present,  phosphate 

ii)  Hypokalemia

binders should be used. 

1)  Oral  supplementation  is  preferred,  but 

1)  Aluminum  hydroxide  60–90 mg/kg/day 

parenteral  supplementation  is  often 

divided and given with meals. 

needed  during  initial  stabilization  of  the 

–  Do  not  exceed  daily  dose  to  avoid  alu-

patient. 

minum toxicity. 

2)  Potassium  should  not  be  infused  intrave-

2)  Lanthanum carbonate may be used in com-

nously  at  a  rate  greater  than  0.5 mEq/kg 

bination  with  aluminum  hydroxide  if  the 

body weight per hour. 

phosphorus level remains above the desired 

3)  These patients may have a greater require-

range  despite  aluminum  hydroxide 

ment of potassium supplementation due to 

administration. 

increased renal loss of potassium. 

–  60–90 mg/kg/day  divided  and  given 

4)  Potassium  gluconate  is  the  preferred  oral 

with meals. 

potassium  supplement  (2–10 mEq/cat/day 

e)  Anemia

divided with meals). 

i)  Iatrogenic  blood  loss  and  blood  sampling 

g)  Metabolic acidosis

should be minimized. 

i)  See Chapter 23—Acute Kidney Injury. 
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ii)  Prescription renal diets are formulated to pro-

stabilized  with  medical  management  or  renal 

duce a neutral pH. 

replacement therapy. 

iii)  Alkali  therapy  may  be  considered  in  patients 

l)  The  kidneys  are  responsible  for  elimination  of 

that have persistent acidemia despite being fed 

many drugs from the body. Renal drug clearance is 

a renal diet. 

reduced as renal function declines. Excessive drug 

1)  Sodium  bicarbonate  30–60 mg/kg/day 

accumulation can cause adverse drug reactions and 

divided. 

nephrotoxicity. Therefore, dose regimens should be 

2)  Potassium citrate 40–60 mg/kg/day divided. 

adjusted for drugs requiring renal excretion to com-

h)  Hypertension

pensate for decreased renal function. 

i)  Hypertension is a common finding in patients 

D) Prognosis

with chronic kidney disease. 

a)  Continued  improvement  in  renal  function  is  a 

ii)  Amlodipine

favorable prognostic sign. It is however difficult to 

1)  Calcium channel blocker. 

estimate the extent to which function will return, 

2)  0.625 mg/cat PO q24h. 

and monitoring response to therapy over time is the 

iii)  Angiotensin- converting enzyme (ACE) inhibi-

only  way  to  evaluate  the  degree  of  returning 

tors  are  usually  avoided  in  acute- on- chronic 

function. 

kidney disease. 

b)  Oliguria and anuria that persist or develop during 

iv)  Hydralazine  may  be  considered  in  cases  of 

hospitalization are associated with a poor prognosis. 

unmanageable or severe hypertension. 

i)  Proteinuria

i)  May be caused by glomerular or tubular lesions 

22.10   Pyelonephritis

or a combination of both. 

ii)  Prescription renal diets are restricted in protein 

A) Definitions

and help to limit glomerular hypertension and 

a)  Bacterial  infection  of  the  renal  pelvis  (pyelitis)  or 

are the first- line therapy for proteinuria. 

pelvis and renal parenchyma (pyelonephritis). 

iii)  Medical therapy

b)  Most infections ascend from the lower urinary tract, 

1)  These drugs are typically avoided in the face 

but hematogenous spread can occur. 

of  an  acute- on- chronic  kidney  injury  and 

c)  Comorbidities  predisposing  the  patient  to  an 

therapy is generally initiated once the acute 

ascending infection may be identified such as ure-

insult has resolved. 

teral  obstruction,  implants,  indwelling  urinary 

2)  ACE inhibitors: benazepril and enalapril

catheter, or urinary tract infections. 

–  0.25–1 mg/kg PO q12h. 

d)  Pyelonephritis can result in acute or chronic renal 

–  Contraindicated in patients that are dehy-

failure. 

drated or hypotensive. 

e)  Enterobacteriaceae are most commonly identified. 

–  Enalapril is eliminated via renal excre-

B)  Diagnosis

tion  and  should  be  dose- reduced  in 

a)  Clinical presentation

azotemic patients. 

i)  Clinical signs may include fever, anorexia, leth-

3)  Angiotensin  receptor  blockers  (ARBs): 

argy, vomiting, and polyuria/polydipsia. 

telmisartan

b)  Physical examination

–  0.125–0.25 mg/kg PO q24h. 

i)  Dehydration, pain on palpation of the kidneys, 

–  Shown  to  be  superior  to  benazepril  in 

and lumbar pain may be noted. 

reducing proteinuria in cats with chronic 

c)  Diagnostic tests

kidney disease in one study. 

i)  Complete blood count

–  Contraindicated in patients that are dehy-

1)  Leukocytosis,  neutrophilia  with  or  with-

drated or hypotensive. 

out  a  left  shift,  and  toxic  changes  may 

j)  Renal  replacement  therapy  may  be  considered  in 

be noted. 

cases  with  severe  azotemia,  hyperkalemia  and/or 

2)  A non- regenerative anemia may be present. 

severe  acid–base  disturbances  not  responsive  to 

ii)  Chemistry panel

medical  management,  oliguria/anuria,  or  fluid 

1)  Depending on the extent of renal parenchy-

overload. 

mal  involvement,  azotemia,  hyperphos-

k)  Renal  transplantation  may  also  be  considered  in 

phatemia,  and  metabolic  acidosis  may 

patient with CKD IRIS stage III or IV that has been 

be found. 
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iii)  Urinalysis

i)  Protein- losing  nephropathy  is  relatively 

1)  Common findings include pyuria, hematu-

uncommon in cats. 

ria, bacteriuria, casts, and a decreased USG. 

ii)  Glomerular  diseases  can  be  categorized  at 

iv)  Urine culture

immune- complex  glomerulonephritis  and 

1)  Urine  should  be  collected  for  culture  and 

non- immune- complex 

glomerulonephritis. 

sensitivity  prior  to  initiation  of  antibiotic 

Renal  amyloidosis  is  a  type  of  non-immune 

therapy. 

complex glomerulonephritis that is recognized 

2)  Repeat  urine  culture  should  be  performed 

most commonly in Abyssinian and Siamese cats. 

1–2  weeks  after  discontinuation  of 

B)  Diagnosis

antibiotics. 

a)  Clinical presentation

v)  Abdominal ultrasound

i)  Clinical  signs  associated  with  glomerulone-

1)  Renal  ultrasonography  may  reveal  pelvic 

phritis  depend  on  the  severity  of  proteinuria, 

and ureteral dilation, the presence of echo-

and presence or absence of azotemia. 

genic debris in the pelvis, and signs of acute 

ii)  In  one  study,  onset  of  disease  occurred  at  a 

nephritis such as hilar fat and perirenal fat 

young  age  (median  age  3.5 years  in  immune- 

hyperechogenicity, retroperitoneal effusion, 

complex  glomerulonephritis  and  1.3 years  in 

and renomegaly. 

cats with other glomerular diseases). 

C)  Treatments

b)  Physical examination

a)  Antibiotics

i)  May be unremarkable. 

i)  Treatment  should  be  initiated  while  awaiting 

ii)  Pale  mucous  membranes,  oral  ulcerations, 

results  of  urine  culture  and  sensitivity,  and 

dehydration, subcutaneous edema, and ascites 

antibiotic(s)  chosen  should  have  efficacy 

may be noted. 

against Enterobacteriaceae. 

iii)  Patient may have evidence of thromboembolic 

ii)  Antibiotics  should  be  chosen  on  the  basis  of 

disease such as dyspnea or decreased or absent 

culture and sensitivity testing. 

peripheral pulse. 

iii)  Recommended  duration  of  antibiotic  therapy 

iv)  Predisposing inflammatory, infectious, or neo-

used to be 3–4 weeks, but recent recommenda-

plastic  process  may  be  found  during  physical 

tions  indicate  that  10–14 days  should  be 

examination. 

sufficient. 

c)  Diagnostic tests

b)  Fluid therapy should be administered to restore and 

i)  Indirect blood pressure should be obtained and 

maintain hydration. 

a fundic exam performed. 

c)  Pain management and GI supportive care should be 

ii)  Blood- work  findings  may  reveal  hypoalbu-

considered. 

minemia,  hypercholesterolemia,  azotemia, 

metabolic  acidosis,  hyperphosphatemia,  evi-

dence  of  dehydration,  and  a  non- 

regenerative anemia. 

22.11   Glomerulonephritis  (GN)

iii)  Urinalysis  typically  reveals  dipstick  proteinu-

ria.  Isosthenuria  and  cylindruria  may  be 

A) Definitions

present. 

a)  Proteinuria is the hallmark of glomerular disease. 

iv)  UPCR >0.4 in a urine sample free of evidence 

b)  Systemic  diseases  reported  in  association  with 

of inflammation and macroscopic hematuria is 

glomerular  disorder  in  cats  include  bacterial 

abnormal and diagnostic for proteinuria. 

infection (chronic bacterial infections, mycoplas-

v)  Abdominal radiographs

mal  polyarthritis,  etc.),  viral  infection  (feline 

1)  Kidneys  may  appear  normal,  small  and 

immunodeficiency virus, feline infectious perito-

irregular, or enlarged. 

nitis,  feline  leukemia  virus,  etc.),  inflammatory 

vi)  Abdominal ultrasonography

causes  (pancreatitis,  cholangiohepatitis,  chronic 

1)  Kidneys may be normal, small and irregular, 

progressive  polyarthritis,  systemic  lupus  erythe-

or  enlarged.  Increased  echogenicity  of  the 

matosus, other immune- mediated diseases, etc.), 

cortex and loss of corticomedullary distinc-

neoplasia (leukemia, lymphosarcoma, mastocyto-

tion may be noted. 

sis,  etc.),  familial  predisposition,  and  idio-

vii)  Based on the patient’s history, physical exami-

pathic causes. 

nation  findings,  and  initial  diagnostic  test 
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results, additional diagnostic tests may be con-

3)  Serum  creatinine  and  potassium  should 

sidered to look for the presence of underlying 

be  monitored  after  initiation  of  therapy. 

causes of glomerular disease. 

Dose  reduction  should  be  considered  if 

viii)  Renal biopsy

creatinine  concentration  is  increased  by 

1)  Only  diagnostic  test  that  can  differentiate 

more  than  30%  or  if  hyperkalemia 

glomerular from tubular proteinuria. 

develops. 

2)  This procedure is contraindicated in hyper-

c)  Hypertension

tensive,  thrombocytopenic,  coagulopathic, 

i)  If hypertension is still present despite the ACE 

or severely azotemic (IRIS stage IV) patients. 

inhibitor/ARB  therapy,  additional  treatments 

It should also be avoided in cases of pyone-

are recommended. 

phrosis or renal abscess. Patients receiving 

ii)  Amlodipine besylate

thromboprophylaxis  medication  should  be 

1)  Calcium channel blocker. 

weaned off medication prior to biopsy. 

2)  0.625 mg/cat PO q24h. 

3)  Samples collected should be evaluated by a 

iii)  Hydralazine

veterinary renal pathologist. 

1)  Direct vasodilator. 

4)  More  information  can  be  found  on  the 

2)  May be considered in cases of unmanagea-

International  Veterinary  Renal  Pathology 

ble or severe hypertension. 

Service website (http://vet.osu.edu/vmc/international- 

d)  Dietary therapy

veterinary- renal- pathology- service- ivrps). 

i)  A prescription renal diet should be fed. 

A) Treatments

ii)  Dietary protein reduction helps to reduce pro-

a)  The main treatment goals are:

teinuria and slow progression of disease. 

i)  Treatment and elimination of potential under-

e)  Antithrombotic therapy

lying diseases. 

i)  Thromboembolism  is  a  recognized  complica-

i)  Reduction of proteinuria. 

tion of proteinuria. 

ii)  Management  of  uremia  and  other  complica-

ii)  Daily  administration  of  low- dose  aspirin  or 

tions of renal failure. 

clopidogrel  for  thromboprophylaxis  is 

b)  Proteinuria

recommended. 

i)  ACE  inhibitors  can  reduce  proteinuria  and 

f)  Ascites/edema

delay the onset or progression of azotemia. 

i)  A diuretic can be given to reduce edema and 

1)  Enalapril 0.5 mg/kg PO 24 hours

ascites. 

–  Dose may be increased by 0.5 mg/kg/day 

ii)  Furosemide 1–4 mg/kg q8–24h. 

to a maximum of 2 mg/kg/day. Dose may 

iii)  Spironolactone 1–2 mg/kg q12–24h. 

be divided to q12h administration. 

g)  Immune- complex  glomerulonephritis  should  be 

–  Dose  should  be  reduced  in  azotemic 

treated with immunosuppressive therapy. 

patients  due  to  renal  excretion  of  this 

i)  Prednisolone  2 mg/kg  q24  or  dexamethasone 

medication. 

SP 0.2 mg/kg q24 as induction therapy. 

2)  Benazepril 0.5 mg/kg PO 24 hours

ii)  Chlorambucil,  cyclosporine,  and  mycopheno-

–  Dose may be increased by 0.5 mg/kg/day 

late  have  been  suggested  as  immunosuppres-

to a maximum of 2 mg/kg/day. Dose may 

sive  agents  for  the  treatment  of 

be divided to q12h administration. 

immune- complex  glomerulonephritis  in  cats. 

3)  Serum creatinine and potassium should be 

However,  there  is  a  lack  of  randomized  con-

monitored after initiation of therapy. Dose 

trolled  studies  evaluating  different  treatment 

reduction should be considered if creatinine 

options. 

concentration  increases  by  more  than  30% 

h)  Antiemetics  and  gastroprotectants  may  be  used 

or if hyperkalemia develops. 

as needed. 

ii)  ARB

i)  Fluid therapy

1)  Shown to be superior to benazepril at reduc-

i)  Care  should  be  exerted  when  initiating  fluid 

ing  proteinuria  in  cats  with  CKD  in 

therapy  in  patients  with  GN  due  to  their 

one study. 

decreased oncotic pressure and the risks associ-

2)  Telmisartan 1 mg/kg PO q24h

ated with fluid overload. 

–  Dose may be increased by 0.5 mg/kg/day 

ii)  Dehydration  should  be  corrected  with 

up to a maximum of 2 mg/kg/day. 

electrolyte- balanced crystalloid solutions. 
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iii)  If edema/ascites or significant hypoalbumine-

k)  Body weight, body condition score, blood pressure, 

mia is present, colloids should be administered 

bloodwork, urinalysis, and UPCR should be evalu-

at  a  dose  of  1–2 ml/kg/day  and  crystalloids 

ated regularly to allow for treatment adjustments to 

avoided/used at a very low rate. 

be made. 

j)  In addition to the treatments instituted for glomeru-

A) Prognosis

lonephritis, azotemic patients should be treated for 

a)  Prognosis is variable and depends on the underly-

chronic kidney disease. 

ing cause of glomerulonephritis. 
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23

Acute Kidney Injury

 Katie D. Mauro

  UNIQUE FEATURES



● Cats with acute kidney injury (AKI) may present with a nebulous history and clinical picture. 



● Traditional functional markers (blood urea nitrogen [BUN], creatinine, etc.) may not be elevated above the reference range until there is a severe decrease in renal function. 



● The use of enrofloxacin at doses >5 mg/kg once daily to treat pyelonephritis in cats can cause irreversible retinal degeneration. 



● Ingestion of any part (leaves, petals, stamen, pollen, etc.) of lilies of the genera Lilium and Hemerocallis can result in acute kidney injury. 



● Cats are considered more susceptible to AKI and death from ethylene glycol (EG) ingestion. 



● Calcium oxalate stones are being identified with increasing frequency in cats with obstructive disease. 



● Solidified blood clots are typically radiolucent. They can cause obstructive disease and may not be easily identified on survey radiographs. 



● Urethral obstruction can occur secondary to urethral plug formation, urethroliths, urethral spasm, neoplasia, and congenital disease. 



● Ureteral obstruction can occur secondary to ureteroliths, dried solidified blood clots, stricture, neoplasia, and external compression. 



● Monitoring urine output and fluid balance is particularly challenging in feline patients. 

The kidneys have many important functions for mainte-

b)  Clinical signs

nance of homeostasis. These include, but are not limited 

i)  Lethargy. 

to, acid–base balance, maintenance of normal electrolytes 

ii)  Hyporexia or anorexia. 

and blood pressure, excretion of toxins, the production of 

iii)  Vomiting. 

concentrated or dilute urine, and endocrine functions. AKI 

iv)  Polyuria and polydipsia. 

results  in  the  sudden  onset  of  kidney  dysfunction  that 

v)  Dysuria, stranguria, and pollakiuria. 

affects the ability to serve these basic physiologic functions. 

vi)  Oliguria and anuria. 

AKI  is  a  disease  with  a  wide  spectrum  of  potential  out-

c)  Physical examination findings

comes ranging from mild with recovery to acute renal fail-

i)  Dull mentation. 

ure and death. 

ii)  Uremic breath (ammonia- like smell). 

iii)  Uremic  ulcers  on  the  tongue  and  mucous 

A)  Diagnosis of AKI

membranes. 

a)  History

iv)  Renal pain (colic), sub- lumbar pain, and referred 

i)  A thorough history should be obtained from the 

lumbar pain. 

owner regarding time course, exposure to toxins, 

v)  Abnormal  renal  palpation  including  bilateral 

potential environmental exposure, previous med-

enlargement, unilateral enlargement, and small 

ical therapies, and history of systemic disease. 

or irregular kidneys. 

ii)  Duration of clinical signs at the time of presenta-

vi)  Large,  turgid  urinary  bladder  or  small,  painful 

tion may vary from acute to chronic with acute 

urinary bladder. 

decompensation. 

vii)  Melena. 
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d)  Differentiate  between  AKI  and  acute- on- chronic 

2)  Isosthenuria  (USG  1.012–1.015)  is  the  most 

kidney disease (CKD)

common finding. 

i)  Evaluate the patient history for evidence of long- 

ii)  Sediment analysis may reveal more information 

standing  disease  (previous  vomiting,  anorexia, 

regarding the etiology of the AKI. 

lethargy, etc.). 

1)  Casts, pyuria, bacteriuria, glucosuria, hema-

ii)  Physical  exam  findings  more  consistent 

turia, crystalluria, and proteinuria

with CKD

f)  Urine culture

1)  Poor body condition and small kidneys. 

i)  Ideally,  a  sample  should  be  obtained  prior  to 

B)  Diagnostic recommendations

antibiotic therapy. 

a)  Complete blood count. 

ii)  Recommended to evaluate for pyelonephritis. 

i)  Changes are typically nonspecific. 

1)  A negative urine culture does not completely 

ii)  Non- regenerative  anemia  may  be  observed  in 

rule out bacterial infection as the cause of AKI. 

patients with CKD

g)  Abdominal radiographs

iii)  Leukocytosis  or  leukopenia  may  be  observed  in 

i)  Useful to evaluate size and shape of the kidneys. 

patients with infectious or neoplastic causes of AKI. 

ii)  Radiopaque stones may be visible. 

iv)  Thrombocytopenia  or  thrombocytosis  may  be 

1)  Uroliths  >3 mm  in  diameter  are  typically 

observed. 

visible. 

b)  Chemistry profile

2)  Cysteine and urate uroliths may be radiolucent. 

i)  BUN  and  creatinine  may  be  within  the  nor-

3)  Solidified  blood  clots  or  blood  calculi  are 

mal range

unlikely to be radiopaque. 

1)  Creatinine varies with age, weight, and mus-

h)  Abdominal ultrasound

cle mass. 

i)  Useful for further evaluation of the urinary tract

2)  These  markers  of  renal  function  may  not 

1)  Mild pelvic dilation or pylectasia may be doc-

reflect injury until there is a severe loss of glo-

umented  with  fluid  therapy  in  normal  ani-

merular filtration rate (GFR). 

mals, but pylectasia may also be observed in 

ii)  Potassium

patients with pyelonephritis or obstruction. 

1)  Hyperkalemia  may  occur  in  with  anuria  or 

2)  Unilateral  or  bilateral  ureteral  obstruction 

oliguria. 

with pylectasia and ureteral dilation. 

2)  Hypokalemia may occur if there is a compo-

3)  Identification of radiolucent stones. 

nent of chronic disease or severe polyuria. 

4)  Evidence of neoplasia including masses or hypo-

iii)  Phosphorus

echoic subcapsular thickening (lymphoma). 

1)  Hyperphosphatemia  may  occur  due  to 

i)  Advanced imaging

decreased excretion. 

i)  Advanced imaging utilizing contrast may be use-

2)  Determine  the  product  of  the  total  serum 

ful in the identification of obstructive disease. 

phosphorus and total serum calcium

j)  Renal biopsy or fine- needle aspirates

–  Patients with a product of >70 are at risk 

i)  Not commonly utilized in cats with AKI, but may 

for soft tissue mineralization. 

help elucidate the degree of insult and help with 

iv)  Hypocalcemia

prognostication. 

1)  May be observed with AKI due to decreased 

ii)  Particularly useful if neoplasia is suspected. 

calcitriol  production  and  increased  binding 

k)  Ethylene glycol

with phosphorus. 

i)  Evaluate for laboratory findings consistent with 

c)  Symmetric dimethylarginine (SDMA)

intoxication

i)  Amino acid, produced by all nucleated cells and 

1)  Increased  serum  osmolality  and  increased 

excreted through the kidneys. 

anion gap. 

ii)  Considered a more sensitive predictor of declin-

2)  Metabolic acidosis. 

ing GFR than creatinine. 

3)  Calcium oxalate monohydrate crystalluria. 

d)  Venous blood gas analysis

4)  Hypocalcemia. 

i)  Severe metabolic acidosis may occur due to the 

5)  Azotemia, hyperkalemia, hyperphosphatemia, 

accumulation of uremic acids. 

oliguria, and anuria. 

e)  Urinalysis

ii)  Cage- side tests are available for the detection of 

i)  Urine specific gravity (USG)

EG;  however,  false  negatives  are  possible.  The 

1)  USG should be evaluated prior to fluid therapy. 

threshold  for  detection  is  around  50 mg/dl  and 
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cats  can  experience  nephrotoxicity  at  lower 

Table 23.1  IRIS AKI grading criteria. 

doses.  Additionally,  cage- side  testing  detects 

only EG, not the metabolites. 

AKI grade Blood creatinine Clinical description

C)  Pathophysiology

a)  Definitions

Grade I

<1.6 mg/dl

Non- azotemic AKI

i)  Azotemia may be categorized as pre- renal, renal, 



● Documented AKI (historical, 

and post- renal. Pre- renal and post- renal azotemia 

clinical, imaging, oliguria/anuria, 

etc.)

can  occur  independently  from  intrinsic 

And/or

renal injury. 



● Progressive non- azotemic with an 

ii)  Pre- renal azotemia occurs due to decreased renal 

increase in creatinine >0.3 mg/dl 

perfusion. This can happen secondary to dehy-

within 48 hours, or measured 

dration,  hypovolemia,  hypotension,  anesthesia/

oliguria/anuria over 6 hours

sedation, and decreased cardiac output. 

Grade II 1.7–2.5 mg/dl

Mild AKI

1)  Pre- renal  azotemia  may  be  reversible  if  the 



● Documented AKI and static or 

underlying  condition  is  corrected  or  it  can 

progressive azotemia

progress to intrinsic renal disease. 



● Progressive azotemia with an 

increase in creatinine >0.3 mg/dl 

iii)  Renal azotemia occurs due to glomerular, tubular, 

within 48 hours, or measured 

or interstitial disease that affects renal function. 

oliguria/anuria over 6 hours

iv)  Post- renal azotemia occurs due to obstruction of 

Grade III 2.6–5.0 mg/dl

Moderate–severe AKI

urinary flow or urinary leakage into the retrop-



●

Grade IV 5.1–10.0 mg/dl

Documented AKI and increasing 

eritoneal or peritoneal space. 

severity of azotemia

Grade V >10 mg/dl

1)  A  combination  of  increased  back  pressure 



● Functional renal failure

and  neurohormonal  events  results  in 

deceased filtration and renal clearance. 

2)  Leakage of urine into the retroperitoneal or 

peritoneal space results in the reabsorption of 

previously  filtered  substances  (BUN,  creati-

c)  Acute kidney injury grading

nine, etc.). Urine leakage results in peritonitis 

i)  Kidney injury grading scales are used in attempt 

(sterile or septic). Emergent urinary diversion 

to classify patients and predict clinical outcomes. 

techniques are recommended (drainage cath-

Future research is necessary to further evaluate 

eter placement, or urinary diversion). 

the use of this grading system. 

3)  Azotemia due to urinary obstruction or leak-

1)  International  Renal  Interest  Society  (IRIS) 

age typically resolves quickly once the obstruc-

AKI grading criteria (Table 23.1). 

tion is released or urinary diversion is achieved. 

D)  Etiologies

b)  There  are  five  phases  of  AKI  including  initiation, 

a)  Nephrotoxins (Table 23.2)

extension, maintenance, recovery, and death

i)  Nephrotoxins have been previously documented 

i)  Initiation occurs when the kidney is exposed to 

as the most common cause of AKI in cats. 

the  inciting  cause  of  injury.  This  initial  insult 

ii)  In  cats,  the  most  common  causes  are  ethylene 

results in damage to the kidney. 

glycol, cholecalciferol, and lilies. 

ii)  Extension ranges from hours to weeks following 

b)  Infectious disease

the initial insult. Progressive damage occurs and 

i)  Pyelonephritis

results in clinical manifestation of injury. 

1)  Typically  occurs  secondary  to  an  ascending 

iii)  Maintenance  ranges  from  weeks  to  months. 

lower urinary tract infection. 

During this time, the damage that occurred dur-

ii)  Leptospirosis

ing initiation and extension is repaired. A patient 

1)  Cats are commonly believed to be more resist-

in  this  phase  of  injury  will  either  progress  to 

ant  to  leptospirosis.  Cats  with  CKD  disease 

recovery or death. 

are  more  likely  to  be  seropositive  than  cats 

iv)  Recovery occurs over a period of months. During 

without  CKD;  however,  the  nature  of  this 

this time, cats may recovery completely, develop 

relationship is yet to be determined. 

acute kidney disease, or progress to CKD. Without 

c)  Ischemic injury

recovery,  death  or  humane  euthanasia  are  the 

i)  Autoregulation  allows  the  kidneys  to  maintain 

most likely outcomes. 

blood flow to the glomerulus within a wide range 
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Table 23.2  Examples of substances with the potential to initiate toxic AKI in cats. 

Category of toxic agent

Examples

Anti- bacterials

Aminoglycosides, carbapenems, penicillins, polymyxins, quinolones, sulfonamides, tetracyclines, vancomycin

Anti- fungals

Amphotericin B

Anti- protozoals

Dapsone, pentamidine, sulfadiazine, trimethoprim/sulfamethoxazole

Anti- virals

Acyclovir

Chemotherapeutic agents

Cisplatin, carboplatin, doxorubicin, methotrexate

Immunosuppressive agents

Azathioprine, cyclosporine, tacrolimus

Miscellaneous therapeutic agents

Non- steroidal anti- inflammatory drugs, aminocaproic acid, ACE inhibitors, apomorphine, allopurinol, anti- depressants, cimetidine, deferoxamine, diuretics, EDTA, penicillamine, streptokinase, Vitamin D analogs

Endogenous compounds

Hemoglobin, myoglobin

Heavy metals

Arsenic, copper, gold, lead, mercury, nickel, silver

Organic compounds

Chloroform, ethylene glycol, herbicides, pesticides

Miscellaneous non- therapeutic agents

Bee venom, illicit drugs, lilies, mushrooms, radiocontrast agents, snake venom, vitamin- D- containing rodenticides

of  systemic  blood  pressure,  and  target  mean 

E)  Treatment

arterial blood pressure (MAP) 70–75 mmHg. 

a)  General

ii)  During periods of hypotension or hypertension, 

i)  Treatment for AKI should be initiated as soon as 

a loss of autoregulation may result in altered glo-

possible. Any potential nephrotoxic medications 

merular blood flow and GFR. 

should be discontinued immediately. If the cause 

iii)  Sedation and anesthesia. 

of  AKI  known,  specific  interventions  may  be 

iv)  Sepsis and systemic inflammatory response syn-

necessary.  Otherwise,  treatment  should  be 

drome (SIRS). 

focused on optimizing perfusion to the kidneys 

v)  Hypovolemia. 

and preventing progression of the known seque-

d)  Systemic disease

lae of kidney injury. 

i)  Systemic diseases with renal manifestations may 

ii)  Intravenous fluid therapy

present as AKI. 

1)  Fluid balance should be monitored carefully 

ii)  Neoplasia, feline infectious peritonitis, immune 

to avoid overhydration or underhydration. 

mediated disease, pancreatitis, SIRS, sepsis, and 

2)  Intravenous  fluid  prescription  should  con-

thromboembolic disease. 

sider treatment for hypovolemia, rehydration, 

e)  Obstructive disease

maintenance  fluid  therapy,  and  support  for 

i)  Prolonged obstructive disease can cause intrinsic 

ongoing losses. 

renal injury

–  Hypovolemia

1)  Unilateral or bilateral nephroliths. 



●

Bolus administration of intravenous flu-

2)  Unilateral or bilateral ureteral obstruction

ids to correct hypovolemic shock (cool 

–  Ureteroliths  (calcium  oxalate,  struvite, 

extremities, poor pulse quality, brady-

combination stones, etc.), dried solidified 

cardia/tachycardia, hypotension, etc.). 

blood  clots,  stricture,  external  compres-



●

Administered over 20–30 minutes. 

sion, etc. 

● 

Immediately  reassess  extremity  tem-

3)  Obstructive  nephropathy  (calcium  oxalate 

perature,  pulse  quality,  pulse  rate, 

stones) has been documented with increasing 

mucous  membranes,  and  blood  pres-

frequency in cats. 

sure to determine if additional boluses 

4)  Urethral obstruction

are necessary. 

–  Urethral  plugs,  urethroliths,  urethral 

–  Rehydration

spasm,  neoplasia,  congenital  abnormali-



●

Fluid  deficit  (L)  =  body  weight 

ties, etc. 

(kg) × estimated dehydration %. 
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● 

Administered 

over 

12–48 hours 

iii)  Ins and outs

depending on cardiovascular stability. 

1)  This method can be used when urine output 

–  Maintenance fluid therapy

varies from normal. 

i)  The  daily  maintenance  requirement 

2)  Match volume out with volume in. 

(normal urine output, and no vomit-

3)  This method should be used only once rehy-

ing  or  diarrhea)  is  approximately 

dration has been completed. 

60 ml/kg/day. 

4)  When  evaluating  balance,  consider  the 

ii)  This may vary depending on the age 

additional  fluids  administered  (medica-

or body condition of the patient. 

tions,  nutrition,  transfusions,  etc.)  or  lost 

–  Ongoing losses

(vomiting, diarrhea, ascites, pleural effusion, 

i)  Increased fluid rates may be necessary 

nasogastric tube suctioning, etc.). 

to replace volume lost due to polyuria, 

iv)  Monitoring

vomiting, or diarrhea. 


1)  In addition to all previous recommendations, 

3)  Types of intravenous fluids

the following parameters should be evaluated 

–  Balanced isotonic crystalloid fluids are the 

daily or more frequently depending on patient 

most appropriate for rehydration. 

stability. 

–  A lower sodium fluid may be more appro-

2)  Vital parameters (heart rate, respiratory rate, 

priate for maintenance fluid therapy

rectal temperature, etc.). 

● 

These fluids are hypotonic, and admin-

3)  Hydration. 

istration as a bolus can cause hemoly-

4)  Weight. 

sis and death. 

5)  Blood pressure. 

–  Artificial colloids

6)  Pain score or adequacy of analgesia. 

● 

Artificial colloids have been previously 

7)  Nutritional intake. 

recommended  to  cats  with  hypopro-

v)  Treatment  of  gastrointestinal  sequelae 

teinemia;  however,  recent  literature 

(Table 23.3)

suggests  there  may  be  an  association 

1)  Antiemetics and motility modifiers should be 

with  AKI  and  these  fluids  should  be 

utilized to treat vomiting or hypomotility. 

used with caution. 

2)  Inhibitors of gastric acid secretion and gas-

4)  Measuring  urine  output  can  be  challeng-

tric  protectants  should  be  used  if  there  is 

ing in cats

evidence of gastric ulceration or in high- risk 

–  Use of indwelling urinary catheter. 

patients. 

–  Frequent  patient  weights  (q2–4),  weigh 

–  Hematemesis,  melena,  panhypopro-

bedding or diapers, use of non- absorbent 

teinemia,  or  increased  BUN–creati-

litter, etc. 

nine ratio. 

–  1 g of weight = 1 ml of urine. 

–  Specific interventions

Table 23.3  Drugs to treat gastrointestinal sequelae of AKI. 

Drug

Dose and route

Indication/use

Mechanism of action

Cisapride

2.5–5 mg/cat q8–12 PO (up to 1 mg/kg q8) Treatment of hypomotility 5- HT4 receptor agonist Famotidine

0.2 mg/kg q24–0.25 mg/kg q12 PO, IM, SQ, IV Inhibition of gastric acid H2 blocker

secretion

Metoclopramide 0.2–0.5 mg/kg q6–8h IV, IM, PO or 1–2 mg/ Antiemetic, treatment of 5- HT4 receptor agonist, D2 receptor 

kg/day as a continuous rate infusion

hypomotility

antagonist

Omeprazole

1 mg/kg q12 PO

Inhibition of gastric acid 

K+/H+ pump inhibitor

secretion

Ondansetron

0.1–0.2 mg/kg, up to 0.5 mg/kg q6–12 IV, PO Antiemetic

5- HT3 inhibitor

Pantoprazole

0.5–1 mg/kg q12 IV

Inhibition of gastric acid 

K+/H+ pump inhibitor

secretion

Sucralfate

0.25 g q8–12 PO

Gastric mucosa protectant

Dissociates to form sucrose octasulfate 

which forms a sticky substance with a 

protective effect
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●

Electrolyte disturbances



■

Hyperphosphatemia  occurs  due  to 



■

Hyperkalemia in AKI occurs due to 

decreased renal excretion

decreased excretion (oliguria, anuria, 



⚪ Oral phosphorus binders prevent 

obstruction, etc.). 

absorption from food and can be 

⚪  An 

electrocardiogram  (ECG) 

initiated with enteral feeding. 

should  be  performed  on  any 



⚪ Aluminum  hydroxide  can  be 

patient 

with 

suspected 

administered  (30–90 mg/kg/day) 

hyperkalemia. 

divided between meals. 



⚪ Causes  bradycardia,  small  to 



●

Acid–base disturbances

absent P waves, tall tented T waves, 



■

AKI  may  result  in  impaired  excre-

wide and bizarre QRS complexes, 

tion of H+ and absorption of HCO −

3 . 

atrial standstill, asystole, ventricu-

■ 

Acidosis may be worsened by lactic 

lar arrhythmias, and death. 

acidosis  (hypovolemia,  impaired 

⚪  Most treatments of hyperkalemia 

perfusion, etc.). 

(Table  23.4)  are  focused  on  the 

■ 

Treatment  (pH < 7.1)  primarily 

translocation of potassium intra-

includes correction of hypovolemia, 

cellularly until urine flow can be 

but sodium bicarbonate and hemo-

re- established, and hemodialysis 

dialysis  could  be  considered  for 

may  be  considered  for  severe  

severe acidosis. 

cases. 

■ 

Sodium bicarbonate therapy

⚪  In the event that urine flow can-



⚪ Following administration

not be re- established, potassium 

−

◆  HCO3  + H+ → H2CO3 → H2O 

will  eventually  travel  down  its 

+ CO2. 

concentration  gradient  and 

◆  CO2 is excreted via the lungs. 

hyperkalemia  will  recur  requir-



⚪ Calculate the bicarbonate deficit

ing additional intervention. 

Table 23.4  Medical management of hyperkalemia. 

Onset of action/ Duration 

Drug

Dose and route duration of action of action

Mechanism of action

Additional information

10% calcium  0.5–1 ml/kg IV 3–5 minutes

30–60 minutes Re- establishes the normal gradient  Administer over 

gluconate

between the threshold and 

5–10 minutes, monitor ECG 

membrane resting potential by 

during administration

increasing the threshold 

Administration is 

membrane potential

cardioprotective, but does not 

decrease serum potassium 

levels

Regular 

0.25–0.5 U/kg  15–30 minutes

4–6 hours

Translocation of potassium into 

Consider 2.5–5% dextrose as 

insulin and 

insulin and 

the intracellular space

a continuous rate infusion 

50% dextrose 1–2 g/U 

following insulin 

dextrose IV

administration

50% dextrose 1–2 g/kg IV

<1 hour

4–6 hours

Translocation of potassium into 

Dilute 1:4, administer over 

the intracellular space

10 minutes

Sodium 

1–2 mEq/kg IV >15 minutes

Duration of 

Increases extracellular pH, 

Dilute 1:2, administer over 

bicarbonate

infusion

translocation of potassium into the  15 minutes

intracellular space

Terbutaline

0.01 mg/kg IV >20 minutes

2 hours

Stimulates Na/K ATPase channels,  Dilute 1:2 or 1:4 and 

translocation of potassium into the  administer over 5–10 minutes

intracellular space

Albuterol 

1–2 puffs INH 15–30 minutes

2 hours

Stimulates Na/K ATPase channels,  Preferentially used with a 

inhaler

translocation of potassium into the  veterinary aerosol chamber

intracellular space
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◆

BW  (kg) × 0.3 × [desired  bicar-



◆

Hemodialysis  relies  on  diffu-

bonate- measured bicarbonate]. 

sion  across  a  semi- permeable 

⚪  Administer  ½  of  the  calculated 

membrane  for  removal  of  EG 

bicarbonate 

deficit 

over 

and metabolites. Ethanol treat-

2–4 hours. 

ment or 4- MP should be initi-



⚪ Absolutely contraindicated if the 

ated  while  preparing  for 

patient  cannot  breathe  off  CO2 

hemodialysis. 

(obtunded,  airway  compromise, 



■

Antimicrobial therapy for pyelone-

etc.), or PvCO2 is elevated. 

phritis (Table 23.5)



⚪ Potential  side  effects  include 



⚪ Gram- negative  bacteria  are  the 

hypernatremia, 

hypercapnia, 

most common. 

hypervolemia,  hyperosmolality, 



⚪ Consider  fluoroquinolones,  peni-

hypokalemia, hypocalcemia, and 

cillins, cephalosporins, or trimeth-

alkalemia. 

oprim/sulfamethoxazole drugs. 

● 

Specific antidotes and interventions



⚪ Aminoglycosides  should  be  con-

■ 

Ethylene glycol. 

sidered a last resort due to poten-



⚪ Cats  are  considered  to  be  more 

tial nephrotoxicity. 

sensitive to ethylene glycol inges-



⚪ Drugs  that  are  renally  excreted 

tion than dogs. A dose as low as 

should be dose- reduced (frequency 

1.4 ml/kg  can  result  in  severe 

or  dose)  in  patients  with  AKI  to 

AKI and death. 

prevent over- accumulation. 



⚪ Treatment  should  be  initiated  as 

⚪  Antimicrobial  therapy  is  recom-

soon as possible (within 8 hours) 

mended for 10–14 days, and per-

of exposure. 

form  a  urine  culture  5–7 days 



◆

Ethanol competes with EG for 

following the discontinuation of 

metabolism  by  alcohol  dehy-

antibiotics. 

drogenase.  Ethanol  treatment 



⚪ If there is a negative culture, con-

is  associated  with  side  effects 

sider a repeat culture in 4 weeks. 

(see Box 23.1). 



⚪ Additional  course  of  4- 6  weeks, 



◆

4- methylpyrazole (4- MP) is an 

with  appropriate  antibiotics,  if 

alcohol dehydrogenase inhibi-

there is a positive culture. 

tor. Must be administered at a 



●

Post- obstructive diuresis

significantly  higher  dose  in 



■

May be observed once urine flow is 

cats.  Must  be  administered 

re- established following obstruction

within 3 hours of ingestion to 



⚪ Ureteral  obstruction  or  urethral 

be effective. 

obstruction. 

Box 23.1  Treatment of Ethylene Glycol Intoxication in Cats

Ethanol Treatment for Ethylene Glycol

metabolic acidosis, hyperosmolality, hypotension, hypo-

thermia, and bradycardia. 



● Dilute ethanol to a 20% solution (200 

mg/ml) in 

4- Methylpyrazole (4- MP) Treatment for Ethylene Glycol

0.9% NaCl



● Day 1: Administer 5 ml/kg IV immediately, repeat dose 



● 125 mg/kg IV immediately

at 6, 12, 18, and 24 hours



● 31.25 mg/kg IV at 12, 24, and 36 hours



● Day 2: Administer 5 ml/kg IV at 8, 16, and 24 hours

Consider additional treatments if EG is still detectable. 



● Day 3: Administer 5 ml/kg IV at 8 hours, then discon-

Side effects include sedation. 

tinue treatment

Cats should be visibly sedated during treatment, but 

should not be comatose. Side effects include depression, 
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Table 23.5  Antimicrobial therapy for pyelonephritis

Drug

Dose and route

Mechanism of action Excretion Additional information

Enrofloxacin

5 mg/kg q24 IV, 

Inhibition of DNA  Renal

Metabolized to ciprofloxacin; retinal degeneration and 

PO, IM

gyrase

permanent blindness in cats at doses of 20 mg/kg

Ciprofloxacin

10 mg/kg q24 IV

Inhibition of DNA  Renal

Low oral absorption in cats; unlikely to reach levels 

gyrase

effective for treatment of Gram- positive bacteria

Ampicillin

22 mg/kg q8 IV, 

Inhibition of cell 

Renal

Good spectrum of activity against Gram- positive 

IM, SQ

wall synthesis

organisms; primary side effects noted include allergic 

reactions and anaphylaxis

Ampicillin + Sulbactam 22 mg/kg q8 IV, IM Inhibition of cell 

Renal

See in the earlier text for potential side effects; the 

wall synthesis

sulbactam is added as a beta- lactamase inhibitor and may 

broaden the spectrum of activity

Trimethoprim/

30 mg/kg q12 PO Inhibition of folic  Renal

Sulfonamides do not reach effective intra- renal doses, 

sulfamethoxazole

acid metabolism

only the trimethoprim component is effective



■

There are numerous proposed phys-

may  contribute  to  the  degree  of 

iologic  factors  including  impaired 

hypertension

tubular reabsorption, urea resulting 

■ 

Goal  of  therapy  is  to  decrease 

in  osmotic  diuresis,  expansion  of 

systolic/Doppler  blood  pressure 

extracellular  volume,  and  altered 

< 180 mmHg. 

intra- renal pressure. 



■

Consider volume reduction in over-



■

During  a  post- obstructive  diuresis, 

hydrated cats (see in the earlier text). 

significant  polyuria  (10–20 ml/

■ 

Amlodipine,  a  calcium  channel 

kg/h) may be observed. 

blocker,  can  be  administered  by 



■

Follow 

the 

above- mentioned 

mouth  or  rectally  (0.625–1.25 mg/

instructions regarding ins and outs 

cat q24), expected response within 

and monitoring. 

24–48 hours. 



●

Oliguria or anuria (Table 23.6)



●

Anemia



■

Oliguria is defined as <1 ml/kg/h of 

■ 

May  occur  due  to  repeat  blood 

urine, anuria is defined as no urine 

sampling, dilution associated with 

production. 

volume  overload,  gastrointestinal 



■

Prior to initiating therapy for oligu-

hemorrhage, etc. 

ria/anuria,  ensure  adequate  hydra-



■

Administer blood products as clini-

tion 

and 

renal 

perfusion 

cally indicated. 

(MAP > 70 mmHg). 



⚪ Consider  more  liberal  transfu-



●

Hypertension (systolic blood pressure 

sion criteria in acute anemias and 

> 190 mmHg)  is  commonly  observed 

more stringent criteria in chronic 

in  cats  with  AKI,  volume  overload 

anemias. 

Table 23.6  Drugs for the treatment of oliguria/anuria. 

Drug

Dose and route

Mechanism of action

Additional information

Furosemide 2–6 mg/kg IV, followed by 2–6 mg/ Loop diuretic, inhibits the Na/K/2Cl Significant electrolyte abnormalities 

kg IV q6 or 0.25–1.0 mg/kg/h

cotransporter

possible if diuresis occurs

Mannitol

0.25–0.5 g/kg IV, followed by 

Hyperosmotic diuretic, freely filtered by  Contraindicated if the patient is 1–2 mg/kg/min if successful at 

the glomerulus, but not reabsorbed 

dehydrated or volume overloaded, doses 

producing urine

increasing urine osmolality

in excess of 4 g/kg can cause AKI
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⚪ Signs  of  anemia  include  tachy-



⚪ Remove uremic toxins and other 

cardia,  tachypnea,  dull  menta-

small particles with a small vol-

tion, heart murmur, etc. 

ume of distribution via diffusion 

■ 

Consider recombinant erythropoie-

across  a  semipermeable  mem-

tin products if there is concern for 

brane (dialyzer or peritoneum). 

more chronic disease or prolonged 



⚪ Require  referral  to  a  tertiary 

recovery. 

center with RRT capabilities. 

● 

Coagulation abnormalities



⚪ Indications for RRT. 

■ 

Platelet dysfunction can occur sec-



◆

Severe  uremia,  electrolyte 

ondary to severe uremia. 

abnormalities, or volume over-

■ 

The most effective treatment is con-

load  refractory  to  medical 

trolling uremia. 

management. 

■ 

Administration  of  desmopressin 



◆

Removal of exogenous toxins

(0.01 mg/kg  SQ)  may  decrease 



❖

Ethylene  glycol,  methanol, 

bleeding  in  cats  with  platelet  dys-

salicylate,  lithium,  ethanol, 

function secondary to uremia. 

phenobarbital, 

acetami-

● 

Nutritional support

nophen,  aminoglycosides, 

■ 

AKI is a very catabolic disease and 

and tricyclic antidepressant. 

early  nutritional  support  improves 



■

Renal transplantation

outcomes in people. 



⚪ Can  be  considered  if  renal  func-



■

If vomiting prohibits enteral feeding, 

tion  does  not  recover  following 

consider supportive medications (see 

the acute insult; however, is not 

treatment  of  gastrointestinal  seque-

suitable 

for 

emergency 

lae in the earlier text). 

stabilization. 

■ 

Once  vomiting  is  controlled,  con-

A)  Prognosis

sider  placement  of  a  feeding  tube 

a)  Potential  outcomes  include  recovery,  progressive 

until anorexia resolves. 

renal disease and failure, CKD, death, or euthanasia. 

■ 

Oral  phosphorus  binders  to  treat 

b)  The  overall  prognosis  depends  on  the  etiology 

hyperphosphatemia can be initiated 

of the AKI

once feeding is resumed (see treat-

i)  Ischemia: 75% survival. 

ment of electrolyte disturbances in 

ii)  Nephrotoxins: 20–50% survival. 

the earlier text). 

iii)  Infectious/other: 50–100% survival. 

● 

Renal replacement therapies (RRT)

c)  The overall mortality is approximately 40–50% and 

■ 

Hemodialysis,  continuous  renal 

50% of survivors will develop CKD. 

replacement  therapy  (CRRT),  or 

d)  Patients that are polyuric may have a better outcome 

peritoneal dialysis can be considered

due to ease of management. 
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General Approach and Overview of the Neurologic Cat

 Daniel J. Fletcher

UNIQUE FEATURES



● Neurologic exam in the cat can be challenging and should be done as efficiently as possible, in discrete segments with pauses between if necessary. 



● Conscious proprioception is generally better evaluated in the cat using tactile placing rather than the paw- placement test. 



● Cats are more sensitive to the neurologic effects of pyrethrins and pyrethroids than most other species. Even exposure to products specifically labeled for cats can lead to tremors and seizures. 



● Idiopathic epilepsy is uncommon in the cat compared to the dog; therefore, cats presenting acutely with seizures should be fully evaluated for other extracranial and intracranial causes of seizures. 

A) Feline neurologic emergencies

If the cat is responsive, place on the floor in 

a)  The initial approach to the acutely neurologic cat is 

an enclosed room and encourage to move. 

identical to that of any critically ill cat. Initial triage 

2)  If the cat is ambulatory, thoroughly assess 

and primary assessment should proceed as with any 

the gait. 

other  emergent  feline  patient  (see  Chapter  1— 

–  Evaluate  each  limb  for  strength  and 

Approach  to  the  Critically  Ill  Cat).  Once  life- 

appropriate movement. 

threatening  extra- central  nervous  system  (CNS) 

● 

Paresis— decreased  voluntary  motor 

abnormalities have been identified and addressed, a 

function. 

complete secondary CNS assessment should be done. 



●

Paralysis/plegia— absent 

voluntary 

b)  Secondary CNS assessment

motor function. 

i)  Mentation



●

The  brainstem  (red  nucleus)  is  the 

1)  Normal— alert and appropriately responsive 

most  important  center  for  walking 

to the environment. 

in cats. 

2)  Depressed— alert and aware, but not appro-



■

Forebrain lesions rarely cause pare-

priately responsive to environmental stimuli. 

sis or paralysis. 

3)  Obtunded— unconscious,  but  arousable 

■ 

Brainstem  or  spinal  cord  lesions 

with  non- noxious  stimuli,  such  as  loud 

com monly  cause  paresis  or 

noises and light or gentle manipulation. 

paralysis. 

4)  Stuporous— unconscious  and  arousable 

–  Look  for  evidence  of  crossing- over  or 

only with painful stimulation. 

incoordination  in  the  thoracic  and/or 

5)  Comatose— unconscious  and  nonarousa-

pelvic limbs. 

ble, even with the application of noxious 

● 

Ataxia— uncoordinated 

motor 

stimuli. 

function. 

ii)  Ambulation



●

Usually  due  to  disease  affecting  the 

1)  Determine  the  ability  of  the  patient  to 

following:

ambulate. Stressed cats often will not walk. 



●

Cerebellum. 
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■ 

Vestibular system. 

⚪  Rigid neck extension. 

■ 

Spinal cord. 

⚪  Severe brainstem disease. 

–  Note 

exaggerated 

movements 



■

Decerebellate

(hypermetria)  or  truncated  movements 

⚪  Rigid extension of thoracic limbs. 

(hypometria). 

⚪  Relaxed pelvic limbs. 



●

Most  commonly  seen  with  cerebellar 

⚪  Cerebellar disease. 

disease. 



■

Schiff- Sherrington



●

Can  be  seen  with  head  movements, 

⚪  Rigid extension of thoracic limbs 

resulting 

in 

overshooting 

of 

and  neck  when  in  lateral 

movements  followed  by  correction 

recumbency. 

(intention tremors). 

⚪  T3- L3 myelopathy. 

–  If the patient collapses in the thoracic or 



■

Cervical  ventroflexion  (without 

pelvic limbs, note the side to which the 

neck pain)

patient is falling. 

⚪  Neuromuscular 

disease 

–  Look for evidence of circling behavior. 

(weakness). 



●

Circling  is  a  sign  of  intracranial 

⚪  Metabolic 

diseases  such  as 

disease. 

hypokalemia. 



●

Direction  is  generally  toward  the 



■

Postural reactions should be evalu-

affected side of the brain. 

ated in all four limbs. 



●

Size of circles can help localize lesion

⚪  Tactile  placing  and  hopping  are 

■ 

Tight circles— vestibular disease. 

often easier to evaluate in the cat 

■ 

Wide  circles  and  wall  hugging— 

than the paw- position test. 

forebrain disease. 

⚪  The  complete  ascending  sensory 



●

Posture

pathways from the limbs, up the 

■ 

Vestibular disease

spinal  cord,  through  the  brain-

⚪  Unilateral— head tilt and leaning 

stem  and  thalamus,  to  sensori-

to one side. 

motor  cortex,  as  well  as  the 

⚪  Bilateral— wide- based stance. 

descending  pathways  through 

■ 

Decerebrate 

(opisthotonus; 

the  spinal  cord  to  the  effector 

Figure 24.1)

muscles  must  be  intact.  Lesions 

⚪  Rigid  extension  of  thoracic  and 

in any of these pathways will lead 

pelvic limbs. 

to deficits. 



●

Cranial nerves



■

A  thorough  cranial  nerve  exam  is 

essential for accurate neurolocaliza-

tion of intracranial disease. 



■

Clinical  signs  associated  with  spe-

cific cranial nerves include

⚪  Olfactory

◆  Limited clinical usefulness. 

◆  Loss of smell. 

⚪  Optic

◆  Loss of vision. 

◆  Loss of pupillary light reflex. 

⚪  Oculomotor



◆

Eye  movement  abnormalities 

(loss of function of dorsal, ven-

tral, and medial recti resulting 

Figure 24.1  Cat with decerebrate posture. Note extension of in ventrolateral strabismus). 

all four limbs.  Source: Photo courtesy of Curtis W. Dewey. 

[image: Image 89]
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◆

Loss of pupillary light reflex. 



◆

Ataxia,  head  tilt,  nystagmus, 



⚪ Trochlear

and strabismus. 



◆

Rotary strabismus due to paral-



◆

Circling and leaning behaviors. 

ysis of the dorsal oblique muscle



◆

Deafness. 



⚪ Trigeminal



◆

Vomiting. 



◆

Loss of palpebral reflex. 



⚪ Glossopharyngeal,  vagus,  and 



◆

Loss of facial sensation. 

spinal accessory



◆

Temporal  and/or  masseter 



◆

Loss of gag reflex. 

muscle atrophy. 



◆

Dysphagia. 



◆

Sunken eye due to paralysis of 



◆

Laryngeal paralysis. 

pterygoid muscle. 



◆

Megaesophagus. 



⚪ Abducens



⚪ Hypoglossal



◆

Loss of globe retraction due to 



◆

Dysphagia. 

paralysis 

of 

retractor 



◆

Deviation of tongue. 

bulbi muscle. 



◆

Unilateral atrophy of tongue. 



◆

Medial  strabismus  due  to 

■ 

VII and the sympathetic trunk pass 

paralysis  of  lateral  rec-

through  the  middle  ear.  Otitis 

tus muscle. 

media/interna  can  cause  a  combi-



⚪ Facial

nation of signs



◆

Facial 

and 

lip 

droop 



⚪ Vestibular. 

(Figure 24.2). 



⚪ Facial/lip droop, facial sensation 



◆

Loss  of  palpebral  reflex  and 

deficits, etc. 

menace  response,  but  still 



⚪ Horner’s syndrome (Figure 24.3). 

retains vision. Can sometimes 



◆

Ptosis

see just third eyelid movement 



◆

Miosis

when  cat  attempts  to  blink  if 



◆

Enophthalmos

abducens function still intact. 

■ 

V, VII, and VIII arise from the area 

◆  Keratoconjunctiv its sicca

of  the  cerebellopontine  angle. 



⚪ Vestibulocochlear

Brainstem lesions affecting this area 

Figure 24.2  Cat with lip droop secondary to facial paralysis. 

Figure 24.3  Cat with Horner’s syndrome in the left eye. Source: Source: Photo courtesy of Curtis W. Dewey. 

Photo courtesy of Curtis W. Dewey. 
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–  Peripheral  neuropathies  are  commonly 

three cranial nerves. 

due  to  systemic  disease  or  metabolic 



●

Spinal reflexes

disturbances. 



■

Spinal reflexes are useful for locali-



●

Diabetes  mellitus:  diabetic  polyneu-

zation of spinal cord lesions as well 

ropathy, commonly affecting the tibial 

as peripheral neuropathies. 

nerve, results in a characteristic planti-

■ 

Absence  of  spinal  reflexes  is  a 

grade stance. 

lower  motor  neuron  sign,  indicat-



●

Hyperlipemia. 

ing spinal cord damage to the cervi-



●

Brachial plexus avulsion secondary to 

cal  intumescence  in  the  case  of 

trauma results in lower motor neuron 

thoracic  limb  deficits  (C6–T2  spi-

signs  to  a  single  thoracic  limb. 

nal  cord  segments)  or  the  lumbar 

Ipsilateral loss of the cutaneous trunci 

intumescence with pelvic limb def-

reflex and Horner’s syndrome may also 

icits (L4–S3). 

be present. 



■

Absence  or  deficits  of  individual 

–  Spinal  cord  disease  of  the  cervical  (C6–

reflexes can further localize a spinal 

T2) or lumbar (L4–S3) intumescence can 

cord lesion. 

also  cause  flaccid  paralysis.  Differential 

c)  Specific neurologic emergencies

diagnoses include intervertebral disk dis-

iii)  Disorders of posture and ambulation

ease,  neoplasia  (commonly  lymphoma), 

1)  Flaccid paralysis/paresis (lower motor neu-

infectious  disease  (Feline  Infectious 

ron signs)

Peritonitis  [FIP],  cryptococcus),  throm-

–  Flaccid paralysis may be due to diseases 

boembolic disease, and trauma. 

affecting  the  muscle,  neuromuscular 

2)  Spastic paralysis/paresis (upper motor neu-

junction,  peripheral  nerves,  or  spinal 

ron signs)

cord. The most consistent finding is loss 

–  Spastic  paralysis  or  paresis  is  character-

or decrease of voluntary motor function 

ized  by  loss  or  decrease  of  voluntary 

and muscle tone with a concurrent loss of 

motor  function  in  the  affected  limb  or 

segmental  reflexes  in  the  affected  limb 

limbs  with  preservation  of  normal  or 

or limbs. 

increased segmental reflexes. It is due to 

–  Myopathies  and  neuromuscular  junc-

spinal cord disease cranial to the affected 

tion  disease  are  uncommon  in  cats, 

limbs or brain disease. 

but there are several described congen-

–  Damage to descending motor and ascend-

ital  diseases  that  can  cause  flaccid 

ing  sensory  pathways  causes  the  signs, 

paralysis. 

which  affect  only  the  pelvic  limbs  (T3–



●

Burmese cats: hypokalemic myopathy. 

L3 myelopathy) or both the thoracic and 



●

Norwegian  forest  cats:  glycogen  stor-

pelvic limbs (C1–C6 myelopathy). 

age disease. 

–  Differential  diagnoses  are  the  same  for 



●

Devon Rex: congenital myopathy. 

those noted for spinal cord disease caus-



●

Congenital  muscle  and  neuromuscu-

ing  flaccid  paralysis  mentioned  in  the 

lar  junction  disorders  without  breed 

earlier text. 

predilection also occur. 

3)  Incoordination/ataxia



■

Congenital myotonia. 

–  Sensory ataxia



■

Hypertrophic  feline  muscular 



●

Sensory  ataxia  is  associated  with  loss 

dystrophy. 

of  proprioception  in  the  thoracic 



■

Laminin alpha- 2 deficiency. 

and pelvic limbs (C1–C6 myelopathy) 



■

Myasthenia  gravis  (most  common 

or  only  the  pelvic  limbs  (T3–L3 

in Siamese cats). 

myelopathy). 



●

Acquired  myasthenia  gravis  has  also 



●

This type of ataxia is also often associ-

been  reported  in  cats,  although  less 

ated with paresis. 

commonly than dogs. Abyssinian cats 



●

It is caused by spinal cord disease, and 

may be predisposed. 

differential diagnoses are the same for 
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those described in the earlier text for 

lesion),  are  diagnostic  for  central 

flaccid  paralysis  due  to  spinal  cord 

vestibular disease. 

dysfunction. 



■

Nystagmus may be positional with 

–  Vestibular ataxia

central  vestibular  disease  and  is 

● 

Peripheral

more  commonly  rotary  or  vertical 

■ 

Damage to the vestibular apparatus 

than  in  peripheral  vestibular  dis-

of the inner ear or the cranial nerve 

ease. Tight circling or falling to the 

VIII can lead to vestibular ataxia. 

side of the lesion are also common. 

■ 

In  addition  to  ataxia,  head  tilt 

■ 

Other  cranial  nerve  deficits  may 

toward  the  side  of  the  lesion  and 

accompany  the  vestibular  signs 

nystagmus with the fast phase away 

with central vestibular disease. 

from the side of the lesion are com-



■

Mental  dullness,  obtundation,  stu-

mon.  Nystagmus  should  not  be 

por, or coma may be present due to 

positional,  but  may  be  of  any  type 

the close proximity of the reticular 

(rotary,  horizontal,  or  vertical). 

activating system. 

Tight circling or falling to the side of 



■

Ventral  strabismus  may  be  present 

the lesion are also common. 

ipsilateral to the lesion with exten-

■ 

No  paresis,  proprioceptive  deficits, 

sion of the neck. This may also be 

or  alterations  in  mentation  are 

present  with  peripheral  vestibular 

present. 

disease (see in the earlier text). 

■ 

The  sympathetic  trunk  runs 



■

Common causes include neoplasia, 

through  the  middle  ear,  making 

trauma,  infection  (e.g.,  FIP),  para-

Horner’s syndrome a possible find-

sitic disease (e.g., Cuterebra), toxins 

ing  (miosis,  ptosis,  and  enophthal-

(lead,  hexachlorophene,  etc.), 

mos ipsilateral to the lesion). 

thromboembolic disease, or storage 

■ 

Ventral  strabismus  may  be  present 

diseases. 

ipsilateral to the lesion with exten-



●

Paradoxical central

sion of the neck. This may also be 



■

The presence of head tilt or nystag-

present with central vestibular dis-

mus  in  the  opposite  direction  to 

ease (see in the following text). 

other localizing signs such as pare-



■

Common  causes  include  otitis 

sis  or  proprioceptive  deficits  is 

media/interna,  neoplasia,  naso-

indicative of paradoxical vestibular 

pharyngeal  polyps,  trauma  (includ-

disease. 

ing  overly  aggressive  ear  flushing), 

■ 

This  is  caused  by  lesions  of  the 

and ototoxic drugs (aminoglycosides, 

flocculonodular  lobes  of  the  cere-

metronidazole, etc.). 

bellum  or  the  caudal  cerebellar 

■ 

A full otoscopic exam may provide 

peduncles. 

evidence of disease, but imaging of 



■

Lesion  localization  is  ipsilateral  to 

the skull (radiographs or computed 

the proprioceptive signs or paresis. 

tomography [CT]) is often required 



■

Causes  are  the  same  as  those  for 

to  identify  disease  affecting 

central vestibular disease described 

the bullae. 

in the earlier text. 

● 

Central



●

Bilateral

■ 

Damage to the vestibular nuclei in 



■

Cats  with  bilateral  vestibular  dis-

the  brainstem  leads  to  central  ves-

ease usually do not have head tilts 

tibular signs. 

or nystagmus. 

■ 

Proprioceptive  deficits  or  paresis 



■

A side- to- side swaying of the head is 

ipsilateral to the lesion, combined 

often  noted  (this  can  be  subtle,  so 

with  head  tilt  (toward  the  side  of 

look closely). 

the lesion) and/or nystagmus (fast 



■

A  characteristic  wide- based  stance 

phase  away  from  the  side  of  the 

is often present. 
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■

Can  look  disoriented,  reluctant  to 



■

Toxins such as early ethylene glycol 

move, and vocalize without side- to- 

ingestion,  antidepressants,  seda-

side head movements. 

tives,  illicit  drugs,  heavy  metals, 



●

Cerebellar ataxia

and other neuroactive substances. 



■

Cerebellar ataxia is commonly asso-



■

Other metabolic disturbances such 

ciated  with  hypermetria,  truncal 

as  hypoglycemia  or  extreme 

ataxia, intention tremors (especially 

changes in sodium concentration. 

of  the  head),  and  a  wide- 



●

Intracranial  causes  include  neoplasia, 

based stance. 

infection (e.g., FIP, toxoplasmosis, cryp-



■

Menace response is often decreased 

tococcus),  congenital  brain  diseases, 

to absent in cats with diffuse cere-

thiamine deficiency leading to polioen-

bellar disease. 

cephalomalacia, and head trauma. 



■

Motor  and  sensory  tracts  are  not 

–  Diagnostics  include  ruling  out  major 

affected;  therefore,  no  propriocep-

extracranial  causes  (complete  blood 

tive deficits and paresis are present. 

count, serum chemistry analysis, resting 



■

Acute  cerebellar  damage  can  be 

blood  ammonia,  serum  osmolality, 

associated  with  decerebellate  pos-

toxicology  screen,  blood  pressure,  etc.), 

ture  (see  in  the  earlier  text). 

followed by intracranial causes (toxoplas-

Hyperreflexia  may  also  be  present. 

mosis  titer,  retinal  examination,  brain 

Animals that survive the acute stage 

imaging  such  as  magnetic  resonance 

often develop the other signs of cer-

imaging  [MRI],  and  cerebrospinal  fluid 

ebellar disease described in the ear-

analysis). 

lier text. 

2)  Obtundation, stupor, or coma



■

Common causes include neoplasia, 

–  Patients that are unconscious either have 

infection (e.g., FIP), cerebellar abio-

diffuse cerebral disease or damage to the 

trophy, storage diseases, and toxins 

rostral brainstem (containing the reticu-

(lead, organophosphates, etc.). 

lar activating system). 

iv)  Disorders of mentation

–  Localization of the lesion may be possible 

1)  Altered mentation

based on neurologic examination. 

–  Patients that are alert and responsive but 



●

Deficits in motor function (hemipare-

are  exhibiting  abnormal  mentation  or 

sis  or  tetraparesis)  are  commonly 

behaviors most commonly have diseases 

noted, contralateral to the lesion with 

affecting the prosencephalon. 

cerebral disease, and ipsilateral to the 

–  Cranial  nerve,  proprioceptive,  or  motor 

lesion with brainstem disease. 

deficits  can  help  localize  focal  disease, 



●

Vision  is  commonly  absent  with  dif-

with  deficits  occurring  contralateral  to 

fuse cerebral disease, but present with 

the  affected  hemisphere.  Animals  with 

rostral brainstem lesions. 

prosencephalic  disease  often  walk  in 



●

Pupil size and pupillary light response 

wide circles in the direction of the lesion. 

are  normal  with  diffuse  cerebral  dis-

–  Disinhibition due to frontal lobe disease 

ease, but pupils are often unresponsive 

may lead to compulsive stereotypic pac-

with rostral brainstem lesions. 

ing and head pressing. 



●

Eye  movements  are  generally  normal 

–  Potential  causes  of  altered  mentation 

with  diffuse  cerebral  disease,  but 

may  be  divided  into  extracranial  and 

patients will not follow moving objects 

intracranial diseases. 

due to loss of vision. Ventrolateral stra-



●

Extracranial

bismus is ipsilateral to the lesion, and 



■

Hepatic encephalopathy. 

decreased  physiologic  nystagmus  is 



■

Uremic 

encephalopathy 

(see 

common  with  rostral  brainstem 

Chapter 22—Urologic Emergencies: 

lesions. 

Ureters, Bladder, Urethra, GN, and 

–  Likely  causes  of  stupor  or  coma  vary 

CKD & Chapter 23—Acute Kidney 

depending  on  the  presence  of  lateraliz-

Injury). 

ing signs. 
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● 

Lateralizing  signs  present:  neoplasia, 

microvascular  thrombosis  and 

trauma causing focal hemorrhage, and 

compromise of local perfusion. 

thromboembolic disease. 



■

The end result of these processes is 

● 

Lateralizing signs not present: congen-

perpetuation of neuronal cell death 

ital malformations, extracranial causes 

and development of cerebral edema. 

(see “Altered mentation” in the earlier 



●

Because the brain is contained within 

text), thiamine deficiency, encephalitis 

the  rigid  skull,  once  compensatory 

(infectious or noninfectious), toxins, or 

mechanisms  are  exhausted,  cerebral 

trauma leading to cerebral edema. 

edema can eventually lead to increases 

v)  Neurotrauma

in intracranial pressure (ICP). 

1)  Head trauma



■

Cerebral oxygen and nutrient deliv-

–  Etiology

ery is dependent on adequate cere-

● 

The  most  common  causes  of  head 

bral perfusion pressure (CPP). 

injuries in cats include crush injuries, 



■

CPP  is  defined  as  the  difference 

penetrating wounds, vehicular injury, 

between  mean  arterial  blood  pres-

fall from height, and purposeful harm. 

sure (MAP) and ICP. 

● 

Many cats present with head trauma of 



⚪ CPP = MAP − ICP. 

unknown cause. 

When ICP increases, CPP decreases, and 

–  Pathophysiology

cerebral ischemia results. 

● 

Primary injury

–  Treatment

■ 

Primary injury is the direct result of 



●

Extracranial stabilization

the  traumatic  event,  and  includes 



■

Perfusion

cerebral contusion, hematoma, lac-



⚪ Because  CPP  is  dependent  on 

eration,  axonal  injury,  and  skull 

MAP, hypotension cannot be tol-

fracture. 

erated  in  patients  with  head 

■ 

With  the  exception  of  extra- axial 

injury. 

hemorrhage  causing  a  space- 



⚪ Aggressive fluid therapy should be 

occupying lesion and unstable skull 

used to maintain normotension. 

fracture, primary injury is not ame-



⚪ Isotonic crystalloids

nable to treatment. 



◆

15–20 ml/kg  bolus  over  15– 

● 

Secondary injury

20 minutes. 



■

Secondary  injury  is  the  result  of  a 



◆

Repeat  as  necessary  to  main-

series of biochemical processes that 

tain  normotension  (mean 

ultimately lead to neuronal cell death. 

blood pressure 80–100 mmHg). 

■ 

These  processes  include  the 



⚪ Synthetic colloids (hetastarch)

following:



◆

5 ml/kg  bolus  over  15– 



⚪ Excitotoxicity  due  to  release  of 

20 minutes. 

neurotransmitters 

such 

as 



◆

Repeat  as  necessary  to  main-

glutamate. 

tain normotension. 



⚪ Intracellular  accumulation  of 



◆

Suggested  maximum  daily 

sodium  and  calcium,  leading  to 

dose of hetastarch is 20 ml/kg. 

cellular edema. 

This  is  due  to  an  acquired 



⚪ Ischemia–reperfusion  injury  and 

decreased  ability  to  coagulate 

production  of  reactive  oxygen 

when  this  dose  is  exceeded, 

species. 

although  specific  studies  in 



⚪ Release of inflammatory mediators 

cats have not been performed. 

via the arachidonic acid pathway. 



◆

Do  not  use  in  dehydrated 



⚪ Migration  and  activation  of 

patients. 

inflammatory  cells  such  as  neu-



⚪ Blood products

trophils and monocytes. 



◆

Use  packed  red  blood  cells  or 



⚪ Activation  of  platelets  and  the 

fresh  whole  blood  for  anemic 

coagulation  cascade  leading  to 

patients. 
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◆  Hemoglobin  concentration  is 

◆  Administer intravenously over 

the  major  determinant  of 

10–20 minutes  at  a  dosage  of 

oxygen- carrying capacity. 

0.5 g/kg. 

◆  Consider  fresh  frozen  plasma 



◆

Serum  osmolality  and  electro-

(10–15 ml/kg) in patients with 

lytes  should  be  measured  with 

coagulopathy. 

repeated mannitol use; osmolal-



■

Oxygenation

ity  should  be  maintained  at  or 

⚪  Maintain SpO2 > 95%. 

below 320 mOsm/l to reduce the 

⚪  All  patients  should  receive  oxy-

risk of renal failure due to renal 

gen supplementation during ini-

vasoconstriction  (see  Chapter 

tial stabilization. 

23—Acute Kidney Injury). 

◆  Flow- by mask. 



◆

Because  of  mannitol’s  diuretic 

◆  Nasal  cannulae  (avoid  induc-

properties, volume status should 

ing  sneezing  as  this  can 

be closely monitored (either by 

increase ICP). 

measuring  urine  output  via  a 

◆  Nasal  catheters  (avoid  induc-

urinary  catheter  or  weighing 

ing sneezing). 

diaper pads or closely monitor-

◆  Oxygen cage. 

ing body weight), and crystalloid 

◆  Oxygen tent. 

and/or colloid therapy should be 



■

Ventilation

adjusted to address any volume 

⚪  Elevations in CO2 lead to cerebral 

deficits (see Chapter 23—Acute 

vasodilation,  pooling  of  blood 

Kidney Injury). 

within the calvarium, and, poten-



⚪ Hypertonic saline

tially, increases in ICP. 

◆  Hypertonic  saline  (7%)  is  a 

⚪  Altered mentation and/or airway 

hyperosmotic  solution  that 

obstruction  due  to  trauma  can 

may be used as an alternative 

cause hypoventilation in patients 

to  mannitol  in  patients  with 

with head trauma. 

head injury. 



⚪ If  patients  cannot  maintain  nor-

◆  Administer  intravenously  at  a 

mocapnia (PaCO2 of 35–45 mmHg 

dose  of  2–3 ml/kg  over 

and  PvCO2  of  40–50 mmHg), 

15–20 minutes. 

they  should  be  mechanically 

◆  Other beneficial effects include 

ventilated. 

improved  hemodynamic  sta-



■

Avoid  compression  of  the  jugular 

tus via volume expansion and 

veins (holding off jugular for blood 

positive  inotropic  effects,  as 

draw, bending of the neck, etc.). 

well  as  beneficial  vasoregula-



●

Intracranial stabilization

tory  and  immunomodulatory 



■

Osmotic therapy

effects. 

⚪  Mannitol

◆  Monitor  serum  sodium  con-

◆  There  are  multiple  proposed 

centrations 

to 

avoid 

mechanisms  of  actions  by 

hypernatremia. 

which mannitol decreases ICP, 



■

Glucocorticoids

including  reflex  vasoconstric-



⚪ High- dose  methylprednisolone 

tion  of  brain  vasculature  via 

sodium  succinate  (MPSS)  and 

decreasing  blood  viscosity, 

prednisolone  sodium  succinate 

reduction  of  cerebrospinal 

have been recommended as neu-

fluid  production,  scavenging 

roprotective  agents  after  head 

free- radical  species,  and 

injury.  However,  a  large  human 

osmotically  drawing  extravas-

clinical trial demonstrated worse 

cular  edema  fluid  into  the 

outcome  in  patients  with  head 

intravascular space. 

trauma  treated  with  MPSS 
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compared with controls. The use 

48 hours  in  dogs  with  head  injury.  Its 

of these high- dose protocols is no 

prognostic value has not been evaluated 

longer recommended. 

in  cats,  but  it  is  a  useful  quantitative 



⚪ Dexamethasone  and  prednisone 

scale to evaluate severity of neurologic 

have been shown to be effective 

injury and to monitor progression. 

for  treating  vasogenic  edema 



●

Presence and persistence of hypergly-

associated with intracranial neo-

cemia have been shown to be prognos-

plasia, but have not been shown 

tic  indicators  in  people  with  head 

to  be  beneficial  when  treating 

trauma. However, in a veterinary study 

patients  with  cytotoxic  edema 

including  cats  with  head  trauma, 

due to head trauma. 

admission  hyperglycemia  was  associ-



⚪ It is the author’s opinion that cor-

ated  with  severity  of  injury  but  not 

ticosteroids should not be used in 

with outcome. 

patients with head trauma. 



●

There  is  a  tremendous  recuperative 

■ 

Facilitation of venous drainage

ability in cats, especially younger ani-



⚪ Elevation of the head by 15°–30° 

mals, and prognosis can be difficult to 

reduces cerebral blood volume by 

predict at admission. It is the author’s 

increasing  venous  drainage, 

clinical experience that many cats with 

decreasing  ICP,  and  increasing 

severe neurologic deficits at admission 

CPP without changes in cerebral 

can show remarkable improvement in 

oxygenation. 

the first 24–48 hours post injury. 

⚪  A  slant  board  should  be  used 

2)  Spinal cord trauma

to prevent occlusion of the jugu-

–  Etiology

lar  veins.  Higher  elevations 



●

The  most  common  causes  of  spinal 

may  cause  a  detrimental 

trauma  in  cats  include  motor  vehicle 

decrease in CPP. 

accidents, animal–animal interactions, 

■ 

Decompressive craniectomy

falls from heights, and crush injuries. 



⚪ Indications for surgery after head 



●

Spontaneous  intervertebral  disk  her-

trauma include presence of extra- 

niation is rare in cats, but can occur. 

axial  hemorrhage  causing  com-

–  Pathophysiology

pression of the brain (diagnosed 



●

Primary injury

by CT or MRI), open skull frac-



■

Primary injury is the direct result of 

tures,  depressed  skull  fractures 

the  traumatic  event  and  includes 

(with  associated  neurologic 

spinal  luxation  and  vertebral  frac-

impairment),  and  retrieval  of 

ture,  traumatic  intervertebral  disk 

potentially  contaminated  bone 

herniation,  spinal  cord  contusion, 

fragments  or  foreign  material 

and extra- axial hemorrhage. 

lodged in brain parenchyma. 



■

Surgical and medical therapies can 



⚪ Surgical  intervention  should  be 

help correct or mitigate the impact 

considered  in  head- traumatized 

of primary spinal injuries. 

cats that are deteriorating neuro-



●

Secondary injury

logically despite aggressive medi-



■

Secondary injury results from acti-

cal therapy. 

vation of a number of biochemical 

–  Prognosis

pathways  that  ultimately  lead  to 

● 

The  overall  prognosis  for  victims  of 

continued 

neuronal 

damage 

severe  head  trauma  is  considered 

or death. 

guarded to poor. 



■

These  processes  include  the 



●

The  Modified  Glasgow  Coma  Scale 

following:

scoring system, adapted from a human 



⚪ Excitotoxicity  due  to  release  of 

coma scale, has been shown in one ret-

neurotransmitters 

such 

as 

rospective  study  to  predict  survival  to 

glutamate. 
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⚪  Intracellular  accumulation  of 



●

Primary injury treatment

sodium  and  calcium,  leading  to 



■

Spinal  luxation  and  vertebral 

cellular edema. 

fracture

⚪  Ischemia–reperfusion injury and 



⚪ Surgical  management:  surgical 

production  of  reactive  oxygen 

options  for  stabilization  and 

species. 

internal fixation include the use 

⚪  Release  of  inflammatory  media-

of bone plates, screws, Steinmann 

tors  via  the  arachidonic  acid 

pins,  and  polymethyl  meth-

pathway. 

acrylate 

(PMMA) 

cement. 

⚪  Migration  and  activation  of 

Surgical  management  often 

inflammatory  cells  such  as  neu-

results  in  accelerated  stabiliza-

trophils and monocytes. 

tion of the spine and more rapid 

⚪  Activation  of  platelets  and  the 

return to function, but it is expen-

coagulation  cascade  leading  to 

sive, may result in worsening of 

microvascular  thrombosis  and 

spinal  cord  injury  during  anes-

compromise of local perfusion. 

thesia  and  surgical  manipula-

–  Diagnostics

tion,  and  carries  the  risk  of 



●

Spinal radiographs are indicated in all 

implant failure or complications, 

cats with spinal trauma, but have been 

such  as  infection  and  implant 

shown to have low sensitivity for frac-

fracture. 

ture (72%) or spinal luxation (77.5%) in 



⚪ Nonsurgical management: exter-

dogs. No data are available in cats, but 

nal coaptation and strict cage rest 

given their generally smaller size, it is 

for 6–8 weeks are the basic prin-

unlikely  the  sensitivity  is  higher. 

ciples  of  nonsurgical  manage-

Patients should be immobilized by tap-

ment. Fiberglass, thermoplastics, 

ing them to a back board before seda-

plaster,  metal  rods,  or  other 

tion and radiographs to reduce the risk 

materials  can  be  fashioned  to 

of  further  spinal  cord  trauma  during 

conform  to  the  patient’s  body 

manipulation, and ventrodorsal views 

shape. The entire spine must be 

should be obtained using a horizontal 

immobilized and the splint held 

beam technique. 

in place using bandage material. 



●

Advanced imaging techniques such as 

Soiled bandages must be replaced 

myelography,  CT,  or  MRI  are  often 

immediately.  Nonsurgical  man-

required to definitively diagnose spinal 

agement requires intensive nurs-

injuries. All of these modalities require 

ing care, longer recovery periods, 

anesthesia, and care should be taken to 

and a greater likelihood of persis-

immobilize patients to prevent further 

tent neurologic deficits. 

trauma to the spinal cord. 



■

Traumatic  intervertebral  disk 

–  Treatment

herniation



●

Extra- CNS stabilization



⚪ Surgical  and  nonsurgical  man-



■

Recognition  and  treatment  of  con-

agements  are  options  for  these 

current  life- threatening  injuries  in 

types of injuries. 

the spinal trauma patient are of par-



⚪ In general, surgical management 

amount  importance.  Aggressive 

is recommended when voluntary 

therapy to maintain perfusion, oxy-

motor  function  is  absent  or 

genation,  and  ventilation  must  be 

severely  decreased,  or  if  clinical 

instituted as soon as possible. 

signs  are  progressing  in  spite  of 



■

See  “Extracranial  stabilization”  in 

conservative treatment. 

the  “Head  trauma”  section  in  the 



⚪ Conservative  management  con-

earlier  text  for  specific  therapeutic 

sists  of  strict  cage  rest  for 

recommendations. 

6–8 weeks. 
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■ 

Spinal cord contusion

risks of this treatment outweigh 



⚪ There are no direct therapies for 

the potential benefits. There is no 

spinal cord contusion. 

clinical or experimental evidence 

● 

Secondary injury treatment

of  a  neuroprotective  effect  of 

■ 

Maintenance of perfusion, oxygena-

other  corticosteroids,  such  as 

tion,  and  ventilation  are  of  para-

dexamethasone  or  prednisone, 

mount  importance  in  reducing 

but these drugs may be useful at 

secondary injury in the patient with 

an  anti- inflammatory  dose  (ini-

traumatic  spinal  cord  injury.  See 

tially 1–2 mg/kg/day prednisone, 

“Extracranial  stabilization”  in  the 

0.15–0.3 mg/kg/day  dexametha-

“Head trauma” section in the earlier 

sone,  and  tapering  over 

text for specific recommendations. 

1–2 weeks) to reduce discomfort 

■ 

MPSS has been extensively studied 

associated with the injury. 

as  a  therapy  to  address  secondary 

■ 

Polyethylene glycol (PEG) is a pol-

injury.  The  free- radical  scavenging 

ymer that has been shown to repair 

effects are likely the most important 

defects in damaged nerve fibers. In 

for providing neuroprotection. 

addition, PEG seals damaged cells 



⚪ Although  the  anti- inflammatory 

and  reduces  the  release  of  cyto-

effects of other common corticos-

toxic substances leading to second-

teroids  (e.g.,  dexamethasone, 

ary  injury.  A  clinical  trial  of 

prednisone,  etc.)  are  likely  to 

intravenous PEG (two doses, 2 ml/

reduce the discomfort associated 

kg of a 30% solution intravenously 

with  spinal  trauma,  they  are 

4–6 hours apart) in dogs with acute 

unlikely  to  have  any  significant 

intervertebral  disk  herniation 

neuroprotective effect. 

within  72 hours  of  injury  showed 



⚪ There  have  been  no  placebo- 

that  treated  dogs  had  improved 

controlled  trials  evaluating  the 

outcomes  compared  with  histori-

efficacy  of  MPSS  in  veterinary 

cal controls. Although no data are 

patients  with  spinal  cord  injury. 

available in cats, PEG may provide 

It  is  well  known  that  high- dose 

a promising new therapy for acute 

corticosteroids  can  have  signifi-

spinal trauma. 

cant side effects in cats, including 



●

Seizures

immunosuppression,  decreased 



■

Pathophysiology

renal blood flow, and gastrointes-



⚪ Seizures  are  initiated  by  a  high- 

tinal  effects,  although  anecdo-

frequency burst of action poten-

tally,  cats  appear  to  be  more 

tials within a hypersynchronized 

resistant  to  these  side  effects 

population of neurons. Individual 

compared with dogs. 

neurons  within  the  population 



⚪ Given  the  clinical  and  experi-

experience a sequence of events 

mental evidence, MPSS at an ini-

including the following:

tial dose of 30 mg/kg followed by 



◆

A  burst  of  action  potentials 

a constant rate infusion (CRI) of 

(700–1000  per  second)  medi-

5.4 mg/kg/h  or  repeated  boluses 

ated  by  an  influx  of  calcium 

of  15 mg/kg  every  6  hours  for 

and sodium. 

24–48 hours  may  be  considered 



◆

A sustained depolarization. 

as  neuroprotective  therapy  in 



◆

Rapid  repolarization  and 

patients  with  spinal  cord  injury. 

hyperpolarization mediated by 

However, given the potential side 

gama- aminobutyric 

acid 

effects and the lack of clinical tri-

(GABA) receptors, which pro-

als in cats demonstrating efficacy, 

mote either chloride influx or 

it is the author’s opinion that the 

potassium efflux. 
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⚪  Many  areas  of  the  brain,  includ-

Simple  or  complex  partial  sei-

ing the subcortical nuclei, thala-

zures  may  progress  to  general-

mus,  cerebrum,  and  brainstem, 

ized seizures. 

can participate in seizure genesis 



⚪ Cluster  seizures:  there  are  vari-

and propagation. 

ous definitions of cluster seizures 

⚪  This  population  of  hypersyn-

in  the  literature,  but  the  most 

chronized  neurons  then  over-

widely  accepted  is  two  or  more 

comes 

normal 

physiologic 

separate  seizures  in  a  24- hour 

surround  inhibition,  allowing 

period. In order to be considered 

propagation  of  the  seizure  into 

separate,  the  animal  should 

surrounding areas as well as dis-

return to normal mentation and 

tant areas of the brain via long- 

neurologic  status  between  the 

distance  pathways  (e.g.,  the 

seizures. 

corpus callosum). 



⚪ Status  epilepticus:  patients  who 



■

Classification

continue to have seizure activity 

⚪  Generalized  seizures:  general-

for more than 5 minutes, or who 

ized  seizures  (also  called  tonic–

have  repeated  seizures  without 

clonic  seizures  or  grand  mal 

returning  to  normal  neurologic 

seizures)  are  associated  with  a 

status between episodes, are con-

loss  of  consciousness  and  sym-

sidered to be in status epilepticus. 

metrical  effects  on  the  brain. 

Patients  presenting  with  cluster 

These  events  can  manifest  in  a 

seizures  or  status  epilepticus 

number of ways, including pad-

are  at  high  risk  of  developing 

dling  or  tonic–clonic  movement 

systemic  sequelae,  including 

of  all  limbs  or  generalized 

hyperthermia,  disseminated 

rigidity. 

intravascular  coagulation,  sys-

⚪  Focal/partial  seizures:  focal  sei-

temic  inflammatory  response 

zures (also called partial seizures) 

syndrome,  and  multiple  organ 

are initiated by abnormal activity 

failure. In addition, there is a risk 

in a circumscribed region of the 

of permanent brain damage and 

brain. Clinical signs are related to 

expansion of the seizure focus in 

the area of the brain affected and 

the brain. 

are  often  lateralized.  Patients 



■

Etiology

remain  conscious  during  partial 



⚪ Extracranial  diseases:  metabolic 

seizures, but changes in behavior 

disturbances  and  systemic  dis-

and mentation may occur. Simple 

ease can lead to alterations in the 

partial  seizures  (also  called  par-

electrophysiology  of  the  brain, 

tial  motor  seizures)  result  in 

causing  paroxysmal  neuronal 

abnormal,  often  rhythmic  con-

discharges and seizures. In gen-

traction of a single muscle group, 

eral,  these  types  of  diseases  are 

such as facial muscles or muscles 

likely to cause widespread distur-

of a single limb. Complex partial 

bances  affecting  both  hemi-

seizures  (also  called  psychomo-

spheres.  Therefore,  generalized 

tor seizures) are characterized by 

seizures are more common than 

abnormal, 

quasi- purposeful 

focal  seizures.  Endogenous  tox-

behaviors. 

Quasi- purposeful 

ins accumulating due to hepatic 

behaviors  are  normal  behaviors 

or  renal  disease  can  lead  to  sei-

that are repeated inappropriately 

zures.  Metabolic  disturbances, 

or  exhibited  at  inappropriate 

such as hypoglycemia, hyperlipi-

times.  Behaviors  such  as  fly  bit-

demia, hypernatremia or hypona-

ing, fear, and aggression are typi-

tremia,  and  hypocalcemia,  as 

cal of quasi- purposeful behaviors. 

well  as  endocrine  diseases  such 
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as  hypothyroidism  and  diabetes 

body,  hyperthermia  leading  to 

mellitus  (hyperosmolar  nonke-

disseminated intravascular coag-

totic)  can  also  lead  to  seizures. 

ulation,  aspiration  pneumonia, 

Many  toxicoses,  including  early 

and  noncardiogenic  pulmo-

ethylene glycol intoxication, bro-

nary edema. 

methalin,  pyrethrins,  theobro-



⚪ Anticonvulsant therapy

mine,  caffeine,  cocaine,  lead,  or 



◆

Benzodiazepines:  intravenous 

organophosphate poisoning, may 

diazepam  (0.5–1.0 mg/kg)  or 

also result in seizures. 

midazolam  (0.066–0.22 mg/



⚪ Intracranial  diseases:  there  are 

kg) should be considered first- 

many,  primary  intracranial 

line  therapy  for  patients  with 

causes  of  seizures.  A  classifica-

severe,  acute  seizures.  These 

tion scheme, such as DAMNIT- V, 

drugs  are  GABA  agonists, 

can be helpful for organizing this 

leading to hyperpolarization of 

large list. 

neurons  and  cessation  of  sei-



◆

Degenerative: storage diseases. 

zure  activity.  For  patients  in 



◆

Anomalous:  hydrocephalus, 

whom  intravenous  access  is 

lissencephaly, etc. 

not readily available, diazepam 



◆

Metabolic:  see  “Extracranial 

at a dose of 1–2 mg/kg is rap-

diseases” in the earlier text. 

idly  absorbed  intrarectally.  If 



◆

Neoplastic:  primary  brain 

the patient responds to benzo-

tumors  as  well  as  metastatic 

diazepine  therapy  but  rapidly 

disease. 

recrudesces,  an  intravenous 



◆

Nutritional:  thiamine  defi-

CRI is a good option. Diazepam 

ciency  in  cats  fed  exclusively 

at  0.5–2.0 mg/kg/h  is  often 

fish diets. 

effective.  Diazepam  adminis-



◆

Infectious:  viral  (feline  infec-

tered  undiluted  via  a  periph-

tious  peritonitinitis  [FIP]  and 

eral vessel can cause vasculitis; 

feline leukemia virus [FeLV]), 

use of a central line or dilution 

bacterial,  fungal  (cryptococ-

in intravenous fluids is recom-

cus), 

and 

protozoal 

mended.  Diazepam  may  be 

(toxoplasma)

mixed  with  0.9%  saline  or  5% 



◆

Idiopathic: epilepsy. 

dextrose in water. Avoid mix-



◆

Trauma: head trauma. 

ing  with  lactated  Ringer’s 



◆

Toxin:  see  “Extracranial  dis-

solution, as the calcium will 

eases” in the earlier text. 

precipitate  the  diazepam. 



◆

Vascular: thromboembolic dis-

Plastic  will  adsorb  diazepam 

ease,  intracranial  hemor-

and  may  make  the  actual 

rhage, etc. 

CRI  dose  of  diazepam 

■ 

Treatment

unpredictable. 



⚪ Individual, infrequent, and short- 



◆

In  addition,  injectable  benzo-

duration seizures may not require 

diazepines  are  light- sensitive, 

therapy,  but  severe,  acute  sei-

so  infusion  lines  should  be 

zures  are  life- threatening  emer-

wrapped. 

gencies, and aggressive therapy is 



◆

Barbiturates:  for  patients 

warranted.  Cluster  seizures  and 

refractory  to  benzodiazepine 

status  epilepticus  are  the  two 

therapy,  barbiturates  (pento-

most life- threatening types of sei-

barbital,  phenobarbital,  etc.) 

zures. In addition to direct neu-

can  sometimes  be  effective. 

ronal damage, systemic sequelae 

Pentobarbital  (2–15 mg/kg  IV) 

of  severe  seizures  include  trau-

can  effectively  terminate  the 

matic injury to other parts of the 

physical  manifestations  of 
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anticonvulsant that has shown 

minutes, but it is not generally 

efficacy  for  treatment  of  sei-

considered  to  be  an  effective 

zures  in  people  and  experi-

anticonvulsant  and  is  unlikely 

mental 

animals. 

The 

to  stop  seizure  activity  in  the 

mechanism  of  action  of  this 

brain. Phenobarbital is an effec-

drug  is  not  known.  It  has  a 

tive anticonvulsant (2–6 mg/kg 

high  bioavailability  and  is 

IV), but can take 15–20 minutes 

excreted  unchanged  in  the 

to have an effect. If an effect is 

urine  without  any  significant 

not  noted  within  15–30 min-

hepatic  metabolism,  suggest-

utes, the dose may be repeated 

ing  that  it  may  be  safer  than 

to raise blood levels to the ther-

benzodiazepines  or  barbitu-

apeutic range more rapidly (to 

rates for treatment of seizures 

a  maximum  loading  dose  of 

in  patients  with  hepatic  dis-

16 mg/kg  within  the  first 

ease.  There  are  no  published 

24 hours),  but  care  must  be 

doses  for  cats,  but  anecdotal 

taken to avoid overdose. 

reports have noted seizure con-



◆

Propofol:  propofol  is  a  rapidly 

trol with 20 mg/kg intravenous 

acting  injectable  anesthetic 

boluses q8h. It has no sedative 

that is a centrally acting GABA 

side effects, making it easier to 

agonist. It may be administered 

evaluate  neurologic  status  in 

via slow IV injection at a dose 

treated patients. Although the 

of  1–6 mg/kg  and  has  been 

use  of  this  drug  for  severe, 

shown to be effective for stop-

acute seizures has not yet been 

ping  seizure  activity  (cluster 

described in the veterinary lit-

seizures and status epilepticus) 

erature, a recent report showed 

in human and veterinary medi-

significant improvement in sei-

cine. If the initial bolus dose is 

zure  control  in  epileptic  cats 

effective  but  seizures  recur,  a 

with  the  use  of  the  oral  for-

CRI at 0.1–0.6 mg/kg/min may 

mulation  of  this  drug  as  an 

be instituted. Apnea and cardi-

adjunct  to  phenobarbital 

ovascular  depression  are 

therapy. It may prove to be a 

important  side  effects  to  con-

useful  addition  to  the  anti-

sider,  and  it  is  the  author’s 

convulsant  armamentarium 

opinion that any animal receiv-

for  cats  and  is  available  in 

ing a propofol infusion should 

an  intravenous  formulation 

be intubated to protect the air-

(UCB  Pharma ceuticals,  Inc., 

way, and ventilation should be 

Smyrna, GA, USA). 

closely monitored to avoid the 



⚪ Once  seizures  are  controlled, 

sequelae of hypoventilation. In 

aggressive  supportive  care  tar-

addition,  propofol  has  been 

geted at the cerebral and systemic 

associated  with  transient  sei-

sequelae  of  seizures  should  be 

zure activity on induction and 

undertaken. 

discontinuation  of  infusion  in 

◆  Fluid  therapy  with  or  without 

people.  Additionally,  propofol 

the addition of pressors should 

may  be  associated  with 

be  instituted  to  aggressively 

increased  Heinz  body  forma-

treat  perfusion  deficits  and 

tion in cats, but recent studies 

maintain  a  mean  blood  pres-

suggest that these are not clini-

sure of 80 mmHg. 

cally significant. 

◆  Ventilation  should  be  closely 



◆

Levetiracetam (Keppra): leveti-

monitored  with  blood  gas 

racetam  is  a  piracetam 

analysis,  and  normocapnia 
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maintained  with  intubation 

contraindicated, anesthesia, intu-

and ventilation if required. 

bation,  and  gastric  lavage  are 



◆

Oxygenation  should  be  main-

recommended. 

tained  using  supplemental 



⚪ Activated  charcoal:  after  emesis 

oxygen therapy. 

induction or gastric lavage, acti-



◆

Hyperosmolar  therapy  (man-

vated  charcoal  administration  is 

nitol 

at 

0.5 g/kg 

over 

recommended,  either  PO  or  via 

15–20 minutes  or  7%  hyper-

stomach  tube.  Administration 

tonic  saline  at  2 ml/kg  over 

should  be  repeated  q6h  when 

15–20 minutes) should be con-

toxins undergoing enterohepatic 

sidered  for  all  patients  with 

recirculation 

are 

ingested. 

evidence of increased intracra-

Activated charcoal with a cathar-

nial  pressure,  such  as  cranial 

tic  (such  as  sorbitol)  may  be 

nerve deficits, abnormal men-

administered  once,  but  only 

tation,  or  hypertension  and 

cathartic- free 

formulations 

bradycardia (Cushing’s reflex). 

should 

be 

repeatedly 



❖

Cushing’s  reflex  occurs  as 

administered. 

result of increased intracra-



■

Specific toxins

nial  pressure  resulting  in 



⚪ Bromethalin

brain ischemia. The physio-



◆

Bromethalin is a newer roden-

logic  response  to  this  is  a 

ticide  that  exerts  its  toxic 

release  of  catecholamines 

effects  via  uncoupling  of  oxi-

causing  increased  blood 

dative phosphorylation, result-

pressure  and  reflex  brady-

ing in adenosine triphosphate 

cardia.  It  is  a  sign  of  clini-

(ATP)  depletion,  inactivation 

cally  significant  increased 

of 

sodium–potassium 

intracranial  pressure  and 

ATPases,  and  development  of 

requires aggressive therapy. 

cerebral edema. 



◆

Body  temperature  should  be 



◆

Common  clinical  signs  of 

monitored  and  active  cooling 

acute intoxications include sei-

instituted  in  all  patients  with 

zure, coma, and death. Chronic 

body  temperatures  greater 

exposure  to  lower  doses  can 

than 105 °F. 

lead to pelvic limb paresis and 

● 

CNS  toxins  (see  Chapter  39—

altered mentation. 

Environmental Emergencies)

◆  There  is  no  specific  antidote 



■

Many  toxins  have  the  potential  to 

for   bromethalin  intoxication. 

induce  neurologic  signs  in  cats,  but 

Decon tamination  protocols 

few have specific antidotes. Therefore, 

(as  described  in  the  earlier 

general decontamination procedures 

text)  and  supportive  care  for 

are recommended in all cats with sus-

seizures  and  cerebral  edema 

pected neurotoxin ingestion. 

are recommended. 



⚪ Emesis  induction:  if  the  patient 



◆

Bromethalin undergoes enter-

has  been  exposed  within  4–6 

ohepatic 

recirculation. 

hours and is not currently exhib-

Repeated  doses  of  activated 

iting  altered  mentation,  emesis 

charcoal  for  24–48 hours  are 

may  be  induced  with  intramus-

recommended. 

cular  xylazine  (0.44 mg/kg),  or 



◆

Prognosis  is  poor  once  signs 

intramuscular dexmedetomidine 

have developed. 

(7 mcg/kg). 



⚪ Pyrethrins and pyrethroids



⚪ Gastric  lavage:  in  patients  with 



◆

Exposure  most  commonly 

neurologic signs or in which eme-

occurs after administration of 

sis  induction  is  otherwise 

over- the- counter  topical  flea 
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➤

Barbiturates (such as phe-

Because  some  cats  are 

nobarbital)  or  general 

extremely  sensitive  to  these 

anesthesia  with  propofol 

compounds,  even  products 

or inhalants may rarely be 

specifically  labeled  for  cats 

required to stop seizures. 

have  been  known  to  cause 

❖  Patients 

are  commonly 

clinical signs when used at the 

hyperthermic  on  presenta-

recommended dose. Ingestion 

tion and should be cooled if 

during  grooming  rather  than 

body temperature is greater 

transdermal  absorption  is 

than  105 °F.  Hypothermia 

most  likely  the  cause  of 

commonly  develops  after 

toxicosis. 

tremors or seizures are con-

◆  Pyrethrins  are  the  naturally 

trolled and the cat is bathed; 

occurring forms of these com-

therefore,  close  monitoring 

pounds (derived from chrysan-

of temperature and thermal 

themum 

flowers), 

and 

support  are  important 

pyrethroids  are  synthetic 

aspects of management. 

analogs. 

❖  Most  cats  recover  within 

◆  These compounds prolong the 

24 hours,  but  some  may 

opening of sodium channels in 

remain  clinically  affected 

neural  tissue  by  inhibition  of 

for 48–72 hours. 

GABA, resulting in prolonged 



⚪ Organophosphates  and  carba- 

membrane 

depolarization. 

mates

This  leads  to  muscle  tremors, 

◆  These  insecticides  are  acetyl-

seizures, and ataxia, as well as 

cholinesterase  inhibitors  that 

hypersalivation, anorexia, and 

lead  to  increased  concentra-

vomiting. 

tions  of  acetylcholine  at 

◆  Treatment

somatic, sympathetic, and par-



❖

Gastric  decontamination  is 

asympathetic  preganglionic 

risky 

in 

symptomatic 

synapses. 

patients and is unlikely to be 

◆  Clinical signs can vary depend-

effective. 

ing  on  the  type  or  types  of 



❖

Bathing  should  be  done  as 

receptors stimulated. 

soon  as  possible  to  remove 

❖  Muscarinic:  the  most  com-

any  remaining  compound 

mon  clinical  signs  are  a 

from  the  skin  and  to 

result  of  parasympathetic 

decrease  additional  trans-

stimulation and include sal-

dermal or oral absorption. 

ivation,  lacrimation,  urina-



❖

Medical  therapy  is  targeted 

tion, and defecation (SLUD). 

at  stopping  tremors  or 



❖

Nicotinic: tremors and mus-

seizures. 

cle fasciculations can develop 



➤

M e t h o c a r b a m o l 

secondary  to   stimulation  of 

(50–150 mg/kg  slow  IV  to 

nicotinic receptors. 

effect) is the treatment of 

❖  Central  cholinergic:  stimu-

choice for muscle tremors. 

lation of central cholinergic 

It  can  be  repeated  as 

receptors results in seizures. 

needed, but the total dose 

◆  Treatment

should not exceed 330 mg/

❖  Gastrointestinal  decontami-

kg/day,  although  the 

nation  should  be  instituted 

author has rarely exceeded 

if  exposure  is  sufficiently 

this dose in severe or per-

acute  and  there  are  no 

sistent cases. 

contraindications. 
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❖

Anticholinergic 

therapy 

acute  exposures  as  described 

(atropine 

0.1–0.2 mg/kg, 

in  the  earlier  text,  chelation 

14  IV, the remainder SQ) 

therapy,  and  symptomatic 

if  muscarinic  signs  are 

treatment. 

present. 



❖

Chelation  may  be  accom-



❖

Pralidoxime  chloride  (2- 

plished  with  any  of  the 

PAM) results in the release 

following:

of the toxin from acetylcho-



➤

Calcium EDTA: 25 mg/kg 

linesterase  and  will  treat 

SQ  q6h  for  5  days.  The 

nicotinic  and  muscarinic 

100 mg/ml 

solution 

effects. The drug is adminis-

should  be  diluted  with 

tered  IM  at  20 mg/kg 

0.9% NaCl to a 10 mg/ml 

BID.  Because  carbamates 

solution. 

spontaneously  dissociate 



➤

D- penicillamine:  should 

from  acetylcholinesterase, 

be  considered  after  cal-

2- PAM  should  not  be  used 

cium  EDTA  therapy  if 

to 

treat 

carbamate 

lead  levels  remain  ele-

intoxication. 

vated.  Give  125 mg  PO 



⚪ Lead

q12h for 5 days. 



◆

Lead exerts its toxic effects via 



➤

Succimer:  10 mg/kg  PO 

multiple  enzyme  systems, 

q8h for 10 days is the pub-

binding to ligands nonspecifi-

lished  dose  for  dogs.  No 

cally  via  sulfhydryl  groups. 

dose  has  been  published 

This produces a variety of cel-

for cats. 

lular  effects,  including  inter-

❖  Seizures  should  be  con-

ference 

with 

cellular 

trolled and supportive care 

metabolism,  damage  to  heme 

administered. See “Seizures” 

production,  and  endothelial 

in  the  earlier  text  for  spe-

damage. It is present in many 

cific recommendations. 

household  items,  including 



❖

Methocarbamol  may  be 

paint  produced  prior  to  1950, 

used  to  treat  tremors  at  a 

curtain  sinkers,  pottery,  roof-

dose  of  15–44 mg/kg  PO  or 

ing materials, and many other 

IV, not to exceed a total dose 

substances. 

of 330 mg/kg/day. 



◆

Neurologic signs include blind-



⚪ Metronidazole

ness,  seizures,  ataxia,  altered 

◆  When  administered  at  a  dose 

mentation,  coma,  or  tremors. 

of greater than 30 mg/kg/day, 

Other  clinical  signs  include 

metronidazole  can  lead  to 

mild  anemia,  vomiting,  diar-

neurologic  signs,  including 

rhea, and megaesophagus. 

central  vestibular  signs,  cere-



◆

Diagnosis is definitively deter-

bellar  ataxia,  seizures,  blind-

mined  via  blood  lead  level 

ness, and abnormal mentation. 

determination.  Consult  your 

The  pathophysiology  of  this 

diagnostic laboratory to deter-

toxicosis  is  not  known,  but 

mine  the  appropriate  sample 

similar histopathologic lesions 

for  lead  level  determination. 

affecting  the  reticular  system 

Other  suggestive  findings 

have been found in cats, dogs, 

include  increased  nucleated 

and  rats  after  metronidazole 

red  blood  cells  and  red  blood 

overdose. 

cell basophilic stippling. 

◆  Diagnosis  is  based  on  his-



◆

Treatment  includes  gastroin-

tory and compatible  clinical 

testinal  decontamination  for 

signs. 
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◆  Treatment  consists  of  discon-

clinical  signs  associated  with 

tinuation  of  metronidazole 

this toxicosis. Note that the use 

therapy  and  supportive  care. 

of  oral  diazepam  in  cats  has 

Fluid therapy and antiemetics 

been  associated  with  rare  but 

are indicated for patients with 

catastrophic  hepatic  necrosis, 

significant  vomiting  and/or 

and  is  not  recommended. 

nausea. Diazepam at a dose of 

Prognosis  is  good,  and  most 

0.5 mg/kg  IV  q8h  for  3  days 

animals 

recover 

within 

can  reverse  many  of  the 

1–3 weeks. 
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Neurologic Emergencies: Brain

 Scott C. Petesch

 

UNIQUE FEATURES



● The diagnostic and therapeutic approach to seizures in cats has several key differences relative to seizures in dogs. 



● Rabies should remain a differential for cats with progressive neurologic signs of less than two weeks’ duration, particularly those with unknown vaccine status, outdoor access, or wounds of unknown origin. 



● Hepatic encephalopathy (HE) is the primary differential diagnosis for mentally inappropriate cats with ptyalism. 



● Thiamine deficiency should be suspected in neurologically abnormal cats fed home- cooked diets, fish- only diets, canned- food-only diets, and in cats with prolonged anorexia or malabsorptive enteropathies. 

●  Idiopathic brain inflammation such as granulomatous meningoencephalitis (GME) is uncommon in cats; however, several variants of feline limbic encephalitis have been recognized in recent literature— 

refractory seizures are the primary 

manifestation. 



● Kittens with non- progressive cerebellar signs likely have cerebellar hypoplasia (granuloprival hypoplasia) secondary to in utero infection with feline panleukopenia virus— these animals can make good pets and may even show modest improvement in signs over time. 

●  Pendular nystagmus in Siamese and some other cat breeds is rapid without an appreciable fast phase— it occurs due to abnormal/unique crossing patterns in the visual pathway and should not be associated with other signs of vestibular dysfunction. 



● Permethrin toxicity is a common cause of generalized tremor syndrome in cats. 



● Amphetamine toxicity should be suspected in cats with mydriasis, hyperexcitability, and intermittent open- mouth breathing (without other signs of respiratory distress). 



● Idiopathic vestibular disease can occur in cats of any age. 



● Bromethalin toxicity may cause a wide diversity of neurological signs depending on the amount ingested; prognosis is poor, but recovery from low- dose intoxication is possible. 



● Peracute onset of severe vestibular signs is often due to cerebellar stroke. 



● Common manifestation of the neurologic form of feline infectious peritonitis includes T3- L3 myelopathy, central vestibular signs, and multifocal central nervous system (CNS) signs. 



● Hypertensive encephalopathy may result in abnormal mentation, recumbency, and blindness. 

A)  General approach to the feline patient with brain dis-

a)  Prosencephalic disease: seizures, propulsive locomo-

ease:  as  with  any  neurologic  patient,  an  accurate 

tion/circling  without  profound  gait  abnormalities, 

neuroanatomical  diagnosis  forms  the  foundation 

postural  reaction,  and  other  sensory  changes  con-

from which to derive effective diagnostic and treat-

tralateral  to  the  lesion  (“hemineglect”  syndrome), 

ment  plans. The  brain  can  be  subdivided  into  four 

cortical blindness, behavior, and mentation changes. 

major  anatomic  categories:  prosencephalon  (cere-

i)  Lesions  involving  the  hypothalamus  may  also 

brum + diencephalon), midbrain, medulla, and cer-

cause homeostatic dysregulation such as hyper-

ebellum.  Neurologic  signs  will  depend  on  lesion 

thermia,  electrolyte  abnormalities,  changes  in 

localization:

heart rate and blood pressure, etc. 
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b)  Midbrain  disease:  abnormal  pupillary  size, 

ii)  Hypoglycemia  (BG < 65–70 mg/dl)  should  be 

decreased mentation, decerebrate posture, paresis, 

treated  with  50%  dextrose  (1–2 ml/kg  diluted 

internal and external ophthalmoplegia, strabismus, 

with sterile water or a crystalloid solution). 

postural reaction deficits, and rarely head tilt. 

1)  Seizures due to hypoglycemia should resolve 

i)  Deficits may be ipsilateral or contralateral to a 

rapidly following dextrose administration. 

midbrain lesion. 

iii)  Cats with elevations in blood lactate may also 

c)  Caudal  cranial  fossa  (pons,  medulla,  and  cerebel-

benefit from a bolus of isotonic crystalloid flu-

lum) disease— in the clinical setting, it is common 

ids (5–15 ml/kg). 

to group cerebellar and caudal brainstem localiza-

c)  Treatment of refractory seizures/status epilepticus 

tions  due  to  their  proximity:  a  single  lesion  can 

(status epilepticus can be defined as a seizure that 

commonly involve both structures. 

lasts >5 minutes continuously or multiple seizures 

i)  Signs  of  pons/medulla  disease:  cranial  nerve 

lasting less than this without complete neurologic 

V–XII deficits, opisthotonos, decerebellate pos-

recovery between seizures). 

ture,  depressed  mentation,  paresis,  ataxia 

i)  If seizures recur following up to three benzodi-

( vestibular  and/or  general  proprioceptive), 

azepine boluses, begin a constant rate infusion 

irregular  respiratory  pattern  (i.e.,  apneustic 

of  diazepam  (0.5–2 mg/kg/h)  or  midazolam 

breathing,  central  neurogenic  hyperventila-

(0.1–0.5 mg/kg/h). 

tion/hypoventilation,  ataxic  breathing,  etc.), 

1)  Unlike with diazepam, midazolam does not 

and autonomic disturbance (i.e., heart rate and 

undergo  significant  adsorption  into  plastic 

blood pressure abnormalities). 

IV tubing. 

ii)  Signs of cerebellar disease: dysmetria/hyper-

2)  Diazepam will precipitate in solutions con-

metria, intention tremor, titubation, cerebel-

taining  calcium  such  as  lactated  Ringer’s 

lar  ataxia,  vestibular  signs,  menace  deficits 

solution (LRS). 

without other signs of blindness, rarely aniso-

ii)  Phenobarbital (PB) loading

coria,  and/or  change  in  size  of  palpebral 

1)  Give  16–20 mg/kg  over  4–24 hours— it  is 

fissure. 

preferable  to  divide  the  loading  dose  into 

B)  Seizures in cats

2–4 boluses to avoid excessive sedation/res-

a)  The approach to the seizuring feline patient should 

piratory  compromise— and  be  sure  to  per-

begin with attempts to obtain intravenous (IV) access

form a neurologic assessment of the patient 

i)  Benzodiazepine bolus

prior  to  subsequent  phenobarbital  dosing 

1)  Diazepam (0.5 mg/kg IV). 

once  the  cumulative  dose  is  >8 mg/kg.  Be 

2)  Midazolam (0.2–0.3 mg/kg IV). 

prepared to intubate the patient in the event 

ii)  If IV access cannot be obtained, options include:

of  hypoventilation  or  depressed  gag  reflex. 

1)  Intranasal midazolam (0.2 mg/kg, optimally 

Intracranial pathology affecting the blood–

delivered  with  nasal  mucosal  atomizer 

brain  barrier  may  intensify  the  sedative 

device)— this is the most effective of non- IV 

effects of any depressant medication. 

options in dogs and humans. 

iii)  Administration  of  intravenous  levetiracetam 

2)  Intramuscular  midazolam  (0.3–0.5 mg/kg 

(20–60 mg/kg IV q 8 hours) may reduce patient 

IM). 

requirement for benzodiazepines. 

3)  Rectal  diazepam  (0.5–1.0 mg/kg  per 

iv)  If seizures persist despite the abovementioned 

rectum)— note  that  absorption  is  variable 

measures,  general  anesthesia  using  either  gas 

making this the last choice for cats. 

inhalant or propofol infusion (0.01–0.25 mg/kg/

b)  Assess  electrolytes  (including  ionized  calcium), 

min) should be considered. Monitor for Heinz 

blood  glucose  (BG),  BUN,  lactate,  and  packed 

body  anemia  in  cats  on  prolonged  propofol 

cell  volume/total  solids  (PCV/TS)  as  soon  as 

infusion (i.e., >24 hours). Cats will recover from 

possible. 

red blood cell oxidative injury within 1–2 days 

i)  Hypocalcemia (iCa2+ < 0.6–0.7 mmol/l) should 

after stopping the propofol infusion. 

be  treated  with  10%  calcium  gluconate 

d)  Blood  pressure,  heart  rate/electrocardiogram 

(5–15 mg/kg IV over 10 minutes). 

(ECG), blood oxygenation, rectal temperature, and 

1)  Monitor  electrocardiogram  during  calcium 

respiratory  rate/pattern  should  be  closely 

administration. 

monitored. 
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i)  Maintain systolic blood pressure > 90 mmHg in 

i)  Bile acid/NH3 if liver function assessment indi-

hypotensive patients using fluid boluses and/or 

cated based on initial lab work. 

pressor agents. 

c)  Thoracic radiographs ± abdominal imaging (radio-

ii)  Provide supplemental oxygen for SpO2 < 93–95%. 

graphs or ultrasound). 

iii)  Perform active cooling measures for rectal tem-

d)   Toxoplasma sp. titers (IgM and IgG) and other infec-

perature >105 °F. 

tious disease testing based on regional prevalence, 

iv)  Monitor  for  bradycardia/hypertension  combi-

travel history, exam findings (i.e., fundic lesions), etc. 

nation (see in the following text). 

e)  Brain  magnetic  resonance  imaging  (MRI)/ 

e)  Signs of intracranial hypertension such as obtunda-

cerebrospinal fluid (CSF) analysis/electroencepha-

tion, nystagmus, unresponsive pupils, bradycardia 

lography  (i.e.,  to  identify  non- convulsive  status 

and hypertension (i.e., Cushing reflex), or anisoco-

epilepticus  or  differentiate  epileptic  seizure  from 

ria warrant treatment with a hyperosmolar agent. 

seizure- like episodes). 

Mannitol  (0.5–1 g/kg  IV)  is  given  over  15–20 min-

i)  CSF  collection  should  be  avoided  in  cats 

utes. Hypertonic saline (HTS) administration (dos-

with signs of intracranial hypertension on their 

ing at 4 ml/kg of 7.5% HTS) is an excellent alternative 

examination (stuporous mentation, papilledema, 

to  mannitol  and  is  preferred  for  the  hypovolemic 

bradycardia,  decerebrate  posture  or  opisthoto-

patient.  Monitor  patient  electrolytes  while  using 

nus,  pupillary  dysfunction,  reduced  vestibulo- 

either hyperosmolar solution. Furosemide adminis-

ocular  reflex,  etc.)  or  in  cats  with  evidence  of 

tration  is  generally  no  longer  recommended  for 

caudal  transtentorial  and/or  foramen  magnum 

patients with cerebral edema/head trauma. 

brain herniation on cross- sectional brain imaging. 

C)  Causes of seizure in the cat (Table 25.1). 

ii)  Computed tomography (CT) of the head may be 

D)  Diagnostic approach to the cat with seizures. 

preferred in cats suspected to have a traumatic 

a)  Physical  and  neurological  examination  including 

cause of seizures. 

fundic examination. 

E)  Maintenance anti- epileptic drug (AED) therapy

b)  Non- invasive  blood  pressure  (NIBP)/complete 

a)  The AED of choice in cats is phenobarbital (starting 

blood  count  (CBC)/Chemistry/urinalysis  (UA)/

dose is 2 mg/kg PO q12h)

total thyroid hormone measurement (T4)/eline leu-

i)  Monitor PB serum levels, CBC, and serum bio-

kemia virus (FeLV)/ Feline immunodeficiency virus 

chemistry 2 weeks following initiation. 

(FIV) test (if status unknown)

ii)  Therapeutic level is 15–35 μg/ml. 

Table 25.1  Causes of seizure in the cat (bold denotes more common causes). 

Degenerative

Lysosomal storage disease; leukodystrophies

Anomalous/congenital

Lissencephaly (Korat breed); cystic abnormalities (meningocele, meningoencephalocele, supracollicular fluid accumulation, dermoid/epidermoid cyst, intrahemispheric cyst); hydrocephalus; hydranencephaly; exencephaly; holoprosencephaly; other cortical dysplasia

Metabolic

Hepatic encephalopathy; uremic encephalopathy; hypoglycemia (insulin overdose, insulinoma); hypocalcemia; acid–base disturbance; over- rapid osmolar correction/central myelinolysis, polycythemia Neoplastic

Meningioma; lymphosarcoma; gliomas; pituitary tumor; other primary or metastatic brain tumor Nutritional

Thiamine deficiency

Infectious

Feline infectious peritonitis; rabies; feline immunodeficiency virus; Borna disease virus; other viral; Cryptococcus neoformans; other fungal disease (geography- dependent); bacterial;  Toxoplasma gondii; Sarcocystis neurona; parasitic ( Cuterebra larvae myiasis) Idiopathic

Limbic encephalitis/feline hippocampal necrosis; granulomatous meningoencephalitis; idiopathic epilepsy; feline audiogenic reflex seizure (FARS)

Toxin

Lead; organophosphates; ethylene glycol; metronidazole; bromethalin; amphetamines (including methylphenidate); pyrethrins; fluoroquinolones

Trauma

Common

Vascular

Feline ischemic encephalopathy (secondary to  Cuterebra); hypertensive encephalopathy; ischemic or hemorrhagic territorial infarction
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b)  Levetiracetam (20–60 mg/kg q8h) is more effective 

i)  Any  degree  of  clinical  improvement  of  signs 

in  cats  as  a  maintenance  AED  relative  to  dogs 

can help to make rabies a far less likely differen-

(author  experience)  and  is  the  drug  of  choice  for 

tial diagnosis. 

feline  audiogenic  reflex  seizures  (FARS).  The 

ii)  Cats that die as a result of rapidly progressive 

extended  release  levetiracetam  (500 mg  tablet  PO 

neurologic illness without a definite diagnosis 

q24h/cat) may be an option for some cats amenable 

should be submitted for rabies testing. 

to administration of a large tablet. Some cats experi-

G)  Hepatic encephalopathy

ence  satisfactory  seizure  control  when  taking 

a)  HE should be suspected in neurologically abnormal 

regular- release  levetiracetam  only  twice  daily 

cats with icterus, a history of prolonged anorexia, 

(q12h). As levetiracetam does not undergo hepatic 

and/or blood- work findings compatible with severe 

metabolism, it is a good choice for treatment of sei-

liver  disease.  Ptyalism  is  present  in  about  70%  of 

zures  secondary  to  hepatic  encephalopathy.  Dose 

cats  with  congenital  portosystemic  shunt.  Other 

reduction  is  recommended  for  cats  with  renal 

signs can include abnormal episodes, obtundation, 

disease. 

seizures, ataxia, blindness, anorexia, vomiting, leth-

c)  Topiramate  (5–10 mg/kg  PO  q12h),  gabapentin 

argy,  etc.  Ammonia  is  likely  the  primary  neuro-

(20 mg/kg PO q8h), or zonisamide (5–10 mg/kg PO 

toxin, but signs of HE may be present with a normal 

q12h) are alternative AEDs without good evidence 

measured blood ammonia. Other neurotoxins can 

to support their efficacy. 

include heightened levels of endogenous neuroster-

d)  Imepitoin (starting dose 30 mg/kg PO q12h) is safe 

oids and benzodiazepines, reactive oxygen species, 

in cats and is considered a first- line AED in dogs. 

manganese, and decreased ratio of branched- chain 

Only recently approved for use in the United States, 

amino acids to aromatic amino acids. 

this drug will likely factor heavily into maintenance 

b)  In patients with a reduced level of consciousness, 

AED therapy in cats in the coming years. 

lactulose enemas (1 ml/kg per rectum q8h) are the 

e)  Potassium  bromide  (KBr)  causes  life- threatening 

best option. For cats able to take oral medication, 

eosinophilic inflammatory lung infiltrates in more 

lactulose may be given at a lower dose (1 ml/5 kg PO 

than one- third of cats who receive KBr, so should be 

q8h). The dose may need to be adjusted based on 

considered  only  as  a  last  resort  medication. 

response.  Monitor  electrolytes  particularly  when 

Discontinuing KBr when signs appear usually leads 

using lactulose enemas. 

to resolution of respiratory illness. 

c)  Antibiotic therapy (ampicillin 15–22 mg/kg IV q8h 

f)  Oral diazepam in cats may rarely cause fulminant 

or metronidazole 7.5 mg/kg IV q12h) is indicated to 

hepatic  necrosis,  so  is  not  recommended  in  this 

reduce ammonia- producing gastrointestinal bacte-

species. 

rial flora. 

F)  Rabies in cats

d)  Flumazenil (0.01 mg/kg IV) can be used in patients 

a)  Rabies is a fatal zoonotic disease. Early recognition 

with prolonged stupor following administration of 

of  signs  of  rabies  and  subsequent  institution  of 

a benzodiazepine to treat seizures or theoretically to 

appropriate biosecurity measures can be life- saving 

reduce  depressant  effects  of  endogenous 

for hospital staff. 

benzodiazepines— the benefit of treatment for the 

b)  Rabies will present as progressive neurologic illness 

latter indication is questionable. Because ammonia 

of  less  than  two  weeks’  duration,  although  clinical 

is  a  highly  lipophilic  substance,  intravenous  lipid 

deterioration  will  often  take  place  over  only  a  few 

emulsion  (ILE)  may  be  of  benefit  in  severely 

days. The diversity of clinical manifestations of rabies 

affected hyperammonemic patients. 

underscores the need for vigilance for the more com-

e)  Unlike  in  dogs,  diets  with  protein  restriction  less 

mon  presenting  signs  including  aggression,  ataxia, 

than  26%  on  a  dry  matter  basis  are  not  recom-

ascending  paresis/paralysis,  anorexia/vomiting, 

mended in cats with HE. 

lameness,  dropped  jaw,  voice  change,  obtundation, 

H)  Thiamine (vitamin B1) deficiency

seizures, hypersalivation, and dysphagia. 

a)  Thiamine deficiency is seen in cats receiving overly 

c)  Cats  with  known  bite  wounds  or  wounds  of 

cooked diets, some commercial canned food diets, 

unknown origin and outdoor access are at the high-

pure raw- fish diets, or cats with prolonged anorexia 

est risk. Often times, rabies vaccination cannot be 

and/or malabsorptive enteropathies. 

confirmed.  Even  when  vaccination  is  confirmed, 

b)  Clinical signs in carnivores are a result of primarily 

rabies should remain a differential in cats with com-

subcortical polioencephalomalacia and include cen-

patible clinical signs. 

tral vestibular signs, cervical ventroflexion, blindness, 
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ataxia/paresis, seizures, and pupillary dilatation due 

i)  Within the ATT, the perfusion, neurologic, and 

to oculomotor nerve paralysis. Signs should begin to 

respiratory subcategories are the best predictors 

improve  within  24 hours  of  administration  of  thia-

of mortality, whereas eye/muscle/integument, 

mine (20–100 mg/cat IM or SQ q12–24 h). 

cardiac,  and  skeletal  subcategories  do  not 

I)  Stupor/coma: global lesions of the cerebrum or lesions 

enhance the prognostic value of the ATT. 

of the brainstem affecting the ascending reticular acti-

d)  Use of the modified Glasgow coma scale (MGCS— 

vating system (ARAS) may cause stupor or coma. 

Figure 25.1) score is recommended to track patient 

a)  Causes of stupor (patient responds only to noxious 

progress  over  time.  An  initial  MGCS  less  than  8 

stimulus)/coma (patient completely unresponsive)— 

denotes a worse prognosis in dogs, but it may have 

refer to Table 25.1

less clinical utility in cats as a single- point value. 

b)  Monitor for hypoventilation, as this can exacerbate 

i)  The ATT score is not superior to the MGCS for 

elevation in intracranial pressure (ICP) if present. 

prognostication  in  cats  who  have  sustained 

In intubated patients, brief periods (5–10 minutes) 

head trauma without other injury. 

of modest hyperventilation (target end- tidal CO2 of 

ii)  In patients with MGCS <8, consider brainstem 

30–35 mmHg) may reduce ICP via arterial vasocon-

auditory- evoked  response  (BAER)  to  confirm 

striction— be aware that this will compromise cere-

brainstem  function,  try  to  confirm  the  cat 

bral  oxygen  delivery  and  can  exacerbate  cerebral 

showed behavioral signs of hearing before their 

edema and ICP elevations over time. 

illness, and take caution in interpreting this test 

c)  Maintain PaO2 at 100 mmHg (or SpO2 > 95% if arte-

in blue- eyed cats (for whom sensorineural deaf-

rial blood gas unavailable). 

ness is common). 

d)  Elevate  head  at  30ůsing  a  slant  board  to  avoid 

iii)  Electroencephalography  (EEG)  may  also  be 

compression of jugular veins/kinking the neck. 

useful to evaluate cerebral activity. 

e)  Hyperosmolar agents (mannitol or HTS) should be 

K)  Common intoxications causing neurologic signs

given if indicated. 

a)  Pyrethrin  products— permethrin  or  other  pyrethroid 

f)  Maintain normal body temperature (99–102.5 °F). 

products requiring glucuronidation for their metabo-

g)  Other  nursing  care  considerations:  flip  patient 

lism are toxic to cats when ingested orally or applied 

recumbency every 4 hours, express urinary bladder 

topically. Clinical signs manifest an average of 12 hours 

as  needed,  lubricate  eyes,  keep  patient  clean  and 

after exposure, but can be delayed up to 2 days (and can 

dry, and provide nutritional support (enteral feed-

appear as soon as a few hours after exposure). Signs of 

ing options preferred over intravenous nutrition if 

permethrin intoxication include tremors, muscle fas-

possible). 

ciculations,  ataxia,  and  seizures. Vomiting,  ptyalism, 

J)  Head trauma is common particularly in cats with out-

hyperthermia, and dyspnea are also common. Other 

door access. Head trauma is often a component of pol-

toxins  that  may  cause  tremor  include  hexachloro-

ytrauma and the initial focus in these patients should 

phene,  heavy  metals,  organophosphates,  chlorinated 

be  toward  normalizing  circulation  (i.e.,  blood  pres-

hydrocarbons, mycotoxins, various poisonous plants, 

sure), the airway, and ventilation. Optimizing volume 

strychnine,  metaldehyde,  bromethalin,  black  widow 

status/blood pressure and blood oxygenation is critical 

spider envenomation, etc. Treatment includes:

to  mitigate  the  effects  of  secondary  injury  following 

i)  Muscle- relaxant medication

head trauma. 

1)  Methocarbamol  (35–45 mg/kg  IV  q6–8h)  is 

a)  CT of the head is the imaging modality of choice for 

the drug of choice to treat muscle fascicula-

patients  with  head  trauma— lesions  involving  the 

tion/tremor  secondary  to  permethrin 

brainstem denote a worse prognosis. 

toxicity— frequency  of  administration  may 

b)  Depressed skull fractures should be addressed with 

be increased, but cumulative dosing should 

surgical  decompression  once  the  patient  is  other-

not exceed 330 mg/kg/day. 

wise  stable.  Compressive  epidural  or  subdural 

2)  Diazepam (0.2–0.5 mg/kg IV as needed). 

hematomas  are  uncommon  in  cats,  but  may  also 

3)  Diazepam or propofol CRI (dosing as with 

warrant emergent craniectomy when present. 

treatment  for  status  epilepticus)  in  refrac-

c)  The  animal  trauma  triage  (ATT)  score  is  a  useful 

tory cases. 

prognostic  tool  in  cats  who  have  sustained  pol-

ii)  Bathing  the  patient  for  dermal  decontamina-

ytrauma including brain injury. For each one- point 

tion  in  the  case  of  topical  application— use  a 

increase in score, chances of mortality also increase 

detergent agent with warm water as permethrin 

by a factor of 1.78. 

is water- insoluble. 
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Motor activity

Normal gait, normal spinal reflexes 

6

Hemiparesis, tetraparesis, or decerebrate activity

5

Recumbent, intermittent extensor rigidity 

4

Recumbent, constant extensor rigidity 

3

Recumbent, constant extensor rigidity with opisthotonus

2

Recumbent, hypotonia of muscles, depressed or absent spinal reflexes 1

Brainstem reflexes

Normal pupillary light reflexes and oculocephalic reflexes 

6

Slow pupillary light reflexes and normal to reduced oculocephalic reflexes 5

Bilateral unresponsive miosis with normal to reduced oculocephalic reflexes 4

Pinpoint pupils with reduced to absent oculocephalic reflexes 

3

Unilateral, unresponsive mydriasis with reduced to absent oculocephalic reflexes 2

Bilateral, unresponsive mydriasis with reduced to absent oculocephalic reflexes 1

Level of Consciousness

Occasional periods of alertness and responsive to environment 

6

Depression or delirium, capable of responding but response may be inappropriate 5

Semicomatose, responsive to visual stimuli

4

Semicomatose, responsive to auditory stimuli

3

Semicomatose, responsive only to repeated noxious stimuli 

2

Comatose, unresponsive to repeated noxious stimuli 

1

Figure 25.1  Modified Glasgow coma scale. 

iii)  In severe cases, intravenous lipid emulsion (i.e., 

mice (who are therefore easier to catch). Treatment 

intralipid 20% – 1.5 ml/kg over 20 minutes, then 

may include the following. 

0.25 ml/kg/min × 60 min) may be beneficial. 

i)  Decontamination strategies

iv)  Monitor  for  hyperthermia  in  patients  at  the 

1)  Induction  of  emesis  is  the  best  option  for 

time  of  arrival  and  also  for  subsequent  hypo-

known  recent  ingestions;  the  author  uses 

thermia  following  bathing,  and  provide  tem-

dexmedetomidine  (7 mcg/kg  IM).  Avoid 

perature support as needed. 

emesis induction in cats with compromised 

v)  Other supportive care (i.e., isotonic crystalloids, 

neurologic  function,  respiratory  distress, 

blood pressure support, etc.). 

upper  airway  disease,  severe  weakness,  or 

b)  Bromethalin— this  is  an  increasingly  common 

severe systemic disease. 

intoxication due to recent restrictions on the dis-

2)  Activated  charcoal— bromethalin  does 

tribution  and  sale  of  anticoagulant  rodenticides. 

undergo enterohepatic recirculation; this is 

The  LD50  for  bromethalin  in  cats  (as  low  as 

an option only in cats with sufficient levels 

0.54 mg/kg) is significantly lower than in dogs or 

of arousal. This can be administered every 

mice.  Signs  of  exposure  are  dose- dependent  and 

6–8  hours,  but  serum  sodium  concentra-

range from ascending paresis/paralysis and ataxia 

tions  should  be  monitored  due  to  risk  of 

to  stupor,  seizures,  and  decerebrate  posture. 

hypernatremia. 

Recovery from intoxication is possible if signs are 

3)  Lipid emulsion therapy (dosing as with per-

limited  to  spinal  cord  dysfunction,  but  generally 

methrin intoxication). 

the prognosis is grave with the onset of intracra-

ii)  Hyperosmolar  agents  (HTS  or  mannitol)  to 

nial  signs.  Cats  may  become  exposed  via  direct 

treat cerebral edema. 

ingestion of rodenticide (typically in the form of 

iii)  Other supportive care including AED adminis-

green  pellets)  or  from  predation  of  intoxicated 

tration as needed. 

[image: Image 91]
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c)  Amphetamines— intoxication  with  amphetamines 

Hypoosmolar  solution  should  be  given  to  correct 

or  amphetamine  derivatives  can  occur  when  cats 

the sodium over 2–3 days in cases of chronic hyper-

come into contact with illicit drugs or more com-

natremia  or  when  duration  of  hypernatremia  is 

monly  with  ingestion  of  the  owner’s  prescription 

unknown. Care should be taken to avoid reduction 

attention  deficit  hyperactivity  disorder  (ADHD) 

of sodium by more than 0.5 mEq/h. Over- rapid cor-

medication  such  as  methylphenidate  (Ritalin)  or 

rection will lead to cerebral edema. Monitor electro-

Adderall. Ingestion of even a single 5 mg tablet of 

lytes every 1–6 hours during correction and adjust 

methylphenidate (the smallest available tablet size) 

fluid rates accordingly. 

is  sufficient  to  cause  toxicity  in  a  cat  and  yield  a 

b)  Hyponatremia should also be corrected at no more 

positive  result  for  amphetamine  on  a  urine  drug 

than 0.5 mEq/h. Over- rapid correction leads to cen-

screen. Signs include vomiting/diarrhea, mydriasis, 

tral myelinolysis (fatal syndrome characterized by 

hyperexcitability/aggression,  vocalizing,  ataxia, 

ataxia, paresis, blindness, and stupor) in dogs and in 

tremors,  seizures,  hyperthermia,  and  cardiac 

humans, and is possible in cats. 

arrhythmias. A common distinguishing feature of 

M) Vestibular disease

amphetamine  intoxication  in  cats  is  intermittent 

a)  The key components of vestibular disease are head 

open- mouth breathing without other signs of res-

tilt, nystagmus, strabismus, and vestibular ataxia. 

piratory distress. Treatment should include:

b)  The initial goal with the vestibular patient, as with 

i)  Decontamination  (i.e.,  induction  of  emesis 

any neurologic patient, is to reach a neuroanatomic 

with recent ingestion and no signs of toxicity). 

diagnosis (i.e., peripheral vs central vestibular dis-

ii)  Treatment of cardiac arrhythmias if present. 

ease). See Figure 25.2 (exceptions can exist with the 

iii)  Sedation

signs listed for each localization, and the absence of 

1)  Dexmedetomidine CRI (0.25–2 mcg/kg/h). 

central signs does not rule out the possibility of cen-

2)  Diazepam (0.2–0.5 mg IV) for seizures. 

tral disease). 

iv)  Temperature support as needed. 

i)  Peripheral vestibular disease: involves inner ear 

L)  Sodium abnormalities

and  eighth  cranial  nerve  (CN  VIII).  Common 

a)  Hypernatremia— hypernatremia  results  from 

etiologies  include  idiopathic  vestibular  dis-

decreased water intake (usually from lack of access 

ease  (cats  of  all  ages),  otitis  media  and 

or  more  rarely  from  interruption of normal  thirst 

interna  ( Staphylococcus,  Streptococcus,  and 

mechanisms  as  with  hypothalamic  lesions)  or 

 Pseudomonas  spp.),  nasopharyngeal  polyps 

increased water loss (i.e., with diabetes insipidus). 

(typically younger cats), neoplasia effacing the 

Chronic hypernatremia will lead to the brain’s pro-

middle and inner ear, and toxins (i.e., blue- tailed 

duction of idiogenic osmoles to mitigate parenchy-

lizard,  chlorhexidine,  aminoglycosides,  loop 

mal shrinkage. Signs of hypernatremia in cats may 

diuretics, platinum- based chemotherapy, etc.). 

include  lethargy,  obtundation,  vomiting,  tremors, 

1)  Animals  with  peripheral  disease  are  more 

and ataxia. The water deficit (L) can be calculated as 

likely  to  have  resting  nystagmus  and  are 

0.6 × lean BW (kg) × patient’s Na+/normal Na+ − 1. 

more  likely  to  have  rapid  nystagmus 

Figure 25.2  Central versus peripheral 

vestibular signs. Source: Scott Petesch. 

Peripheral

Central

Both

• Resting nystagmus

• Reduced level of consciousness

• Nystagmus > 66 bpm

• Vestibular ataxia

• Spastic UMN hemi or

• Normal mentation

tetraparesis

• Nystagmus

• CN VII deficit ipsilateral to

direction of head tilt

• CN deficits (V-XII)

• Head tilt

• Horner’s syndrome ipsilateral

• Vertical nystagmus

to direction of head tilt

• Strabismus

• Dysconjugate nystagmus

• Paradoxical vestibular disease
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(>66 bpm)  relative  to  animals  with  central 

to loss of vascular tone (i.e., hyperemia/hyperther-

vestibular disease— exceptions do exist, par-

mia  of  the  pinna,  reduced  airflow  through  the 

ticularly with acute causes of central vestib-

nares, etc.). 

ular disease such as stroke. 

b)  Horner syndrome may result from a lesion affect-

ii)  Central  vestibular  disease:  involves  vestibular 

ing any part of the pathway conveying sympathetic 

nuclei within dorsal medulla and flocculonodu-

input between the hypothalamus and the eye (i.e., 

lar lobe of cerebellum— caudal cerebellar pedun-

brain, cervical/cranial thoracic spinal cord, T1–T3 

cle allows for communication between medullary 

spinal nerve roots, vagosympathetic trunk, cranial 

and  cerebellar  vestibular  centers.  Common 

cervical ganglion, middle/inner ear, and terminal 

causes  include  infection  (i.e.,  feline  infectious 

segments of the ganglionic (post- ganglionic) neu-

perintonitis (FIP), toxoplasmosis, cryptococcosis, 

ron  coursing  with  the  ophthalmic  branch  of  the 

otogenic brainstem abscessation, etc.), neoplasia 

trigeminal nerve). 

(lymphoma,  meningioma,  ependymoma,  etc.), 

i)  Neurological and physical examination is often 

infarction/stroke, and toxin (i.e., metronidazole). 

sufficient to localize the lesion. 

iii)  Some cat breeds (Siamese, Burmese, Tonkinese, 

1)  Carefully  palpate  the  ventral  cervical  area 

etc.) will display a rapid/fine pendular nystag-

for masses (i.e., enlarged lymph nodes, thy-

mus without a fast phase— this eye movement 

roid masses, etc.). 

is related to abnormalities in the visual system 

2)  If  vestibular  disease  is  also  present,  the 

rather  than  vestibular  system,  and  these  cats 

localization is most likely middle/inner ear. 

should be free of other signs of vestibular upset. 

3)  The author does not routinely use pharma-

iv)  Workup of the vestibular patient

codiagnosis  (i.e.,  phenylephrine  eye  drops) 

1)  Begin  with  neuroanatomical  diagnosis 

to  distinguish  pre-  and  post- ganglionic 

based on examination. 

lesions, as this can cause uveitis. 

2)  Otoscopic examination. 

ii)  If Horner syndrome is the only abnormal find-

3)  NIBP/CBC/Chemistry/T4/UA. 

ing on the neurological and physical exams, idi-

4)  Thoracic radiographs ± abdominal imaging 

opathic Horner syndrome is most likely. 

(radiographs or ultrasound). 

O)  Vascular  accidents— ischemic  or  hemorrhagic  infarc-

5)  Echocardiography  can  be  considered, 

tion  can  cause  a  peracute  onset  of  intracranial  signs 

although is typically low yield even in con-

referable to the territory of the affected vessel. 

firmed cases of ischemic infarction (gener-

a)  Hypertensive encephalopathy may be a cause of 

ally more useful to confirm that it is safe to 

acute  onset  signs  of  prosencephalic  dysfunction 

proceed with general anesthesia). 

(abnormal  mentation,  recumbency,  blindness, 

6)  Brain/head MRI ± CSF analysis. 

etc.).  Systolic  blood  pressure  will  tend  to  be 

7)  Infectious disease testing as indicated. 

greater  than  180 mmHg.  MRI  changes  are 

v)  Therapeutic considerations for the vestibular cat

described and consist primarily of cerebral white 

1)  Maintain  in  padded  caging  to  avoid 

matter lesions. Renal disease is a common predis-

self- trauma. 

posing  factor  for  hypertensive  encephalopathy. 

2)  Anti- motion- sickness medications targeting 

Most animals recover after medical management 

the  H1  receptor  (i.e.,  diphenhydramine  or 

of hypertension. 

meclizine) are less efficacious in cats than in 

b)  Territorial infarction of the rostral cerebellar artery 

dogs or humans; however, may have some 

commonly causes acute onset of severe vestibular 

benefit in nausea/motion sickness via their 

signs  and  dysmetria.  Paradoxical  vestibular  signs 

anti- muscarinic (anticholinergic) effects. 

can occur as a result of infarction in the region of 

3)  The maropitant is the only veterinary drug 

the rostral cerebellar artery. 

labeled for treatment of motion sickness in 

c)  Feline ischemic encephalopathy— cats affected by 

dogs and cats. The dose for motion sickness 

aberrant  migration  of   Cuterebra  larvae  into  the 

is 8 mg/kg PO. 

brain  parenchyma  or  CSF  space  may  show  pro-

N)  Horner  syndrome— results  from  loss  of  sympathetic 

gressive neurologic signs as a result of a parasitic 

innervation to the eye and consists of miosis, enoph-

track lesion, but may also display an acute onset of 

thalmos, ptosis, and passive elevation of the nictitans. 

blindness,  circling,  mentation  change,  and  even 

a)  Signs of reduced/absent sympathetic innervation 

seizures.  It  is  thought  that  the  parasitic  larvae 

may be present in other structures of the head due 

secrete  a  toxin  that  leads  to  vasospasm/brain 
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infarction,  usually  in  the  territory  of  the  middle 

i)  Cardiogenic embolism is an uncommon cause 

cerebral artery. These cases are most common in 

of cerebrovascular disease in cats. 

cats with outdoor access during the months of July 

ii)  Hyperthyroidism, hypertension, and renal disease 

to September. 

are more common predisposing comorbidities. 

d)  In cats where stroke is suspected, initial workup should 

e)  Prognosis for recovery is generally “good,” although 

include  NIBP,  CBC,  Chemistry,  total  T4,  and 

extended periods of supportive care may be required 

urinalysis— brain MRI is required to confirm diagnosis. 

and the patient may have residual deficits. 

Medication table

Drug

Mechanism of action

Dose

Route

Frequency Side effects

Potassium bromide  Increases GABAA conductance/

20–40 mg/kg

PO

Q24h

Pneumonitis, sedation, ataxia, PU/PD, polyphagia

(KBr)

neuronal hyperpolarization

Phenobarbital

Activates GABAA receptor

2–6 mg/kg

PO, IM, IV Q12h

Sedation, ataxia, PU/PD, polyphagia, liver enzyme 

elevation, hepatotoxicity, blood dyscrasia, lymph node 

enlargement

Diazepam

Enhances effect of GABA at 

0.5–1.0 mg/kg

IV

As needed Idiosyncratic hepatic necrosis with oral administration, 

GABAA receptor

sedation, paradoxical excitation, nystagmus, ataxia

Midazolam

Enhances effect of GABA at 

0.1–0.5 mg/kg

IM, IV, 

As needed Sedation, paradoxical excitation, nystagmus, ataxia

GABAA receptor

intranasal

Dexmedetomidine α- 2 agonist

0.5–20 mcg/kg

IM, IV, PO As needed Sedation, vasoconstriction, hypotension, bradycardia, vomiting, respiratory depression, ptyalism, dyspnea/

delayed pulmonary edema

Maropitant

NK- 1 antagonist

1–8 mg/kg

PO, SQ, IV Q24h

Vomiting, hypersalivation (higher doses), lethargy, pain 

at injection site, diarrhea, allergic reaction, convulsions

Zonisamide

Sodium and T- type calcium 

5–10 mg/kg

PO

Q12h

KCS, other immune dysregulation, RTA, 

channel blockade

gastrointestinal (GI) upset, sedation, ataxia, hepatic 

necrosis

Topiramate

Numerous potential anti- epileptic  5–10 mg/kg

PO

Q12h

Decreased appetite, sedation, ataxia, GI upset

mechanisms

Gabapentin

α2δ voltage- gated Ca2+ channel 

5–20 mg/kg

PO

Q8–12h

Sedation, ataxia, polyphagia, weight gain

antagonist

Meclizine

H1 antagonist, anticholinergic

6.25–12.5 mg/cat PO

Q24h

Sedation

Mannitol

Plasma expansion/reduced blood 

0.5–1 g/kg

IV

As needed,  Electrolyte shifts, polyuria

viscosity, metabolically inert 

not more 

hyperosmolar agent

than q8h

Flumazenil

Competitive antagonist at 

0.01 mg/kg

IV

As needed Rebound seizures

benzodiazepine- binding site of 

GABAA receptor

Thiamine 

Coenzyme in carbohydrate 

20–300 mg/cat

SQ, PO

Q24h

Well- tolerated

(vitamin B1)

metabolism

Ampicillin

Inhibits bacterial cell- wall synthesis 15–22 mg/kg

IV

Q8h

Allergic reaction, GI upset

Metronidazole

Inhibits microbial nucleic- acid 

7.5–10 mg/kg

PO, IV

Q12h

Seizures, vestibular disease, GI upset, decreased 

synthesis

olfaction

Lactulose

Reduces colonic ammonia 

0.2 ml/kg 

PO, per 

Q6–12h

Diarrhea, dehydration, electrolyte disturbance

absorption

starting dose

rectum

Levetiracetam

Binds SV2A receptor, inhibits 

20–60 mg/kg

PO, IV

Q8h

Sedation, ataxia, hyperexcitability, GI upset, decreased 

presynaptic calcium channels

appetite

Imepitoin

Low- affinity partial agonist of 

10–30 mg/kg

PO

Q12h

Sedation, ataxia, hyperexcitability, aggression, GI upset, 

benzodiazepine- binding site on 

polyphagia

GABAA receptor

Propofol

Modulation of GABAA receptor

Dose to effect 

IV

As needed Respiratory depression, Heinz body formation with 

(1–4 mg/kg)

repeated dosing, hypotension

Calcium gluconate Calcium supplement

5–15 mg/kg

IV

As needed Arrhythmias

Dextrose (50% sol.) Dextrose supplement

1–2 ml/kg

IV

As needed Well- tolerated

Methocarbamol

Central muscle relaxant

20–60 mg/kg

PO, IV

Q8h

Sedation, ataxia, GI upset, weakness
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UNIQUE FEATURES



● The most common diagnosis in cats with spinal cord signs is feline infectious peritonitis (FIP). 



● A neoplastic lesion is considered second most common and is most likely to be lymphosarcoma. 



● Vascular injuries to the spinal cord are found more often than previously thought and may have a good prognosis for return of function. 

A)  Feline spinal assessment

–  Third- order neurons in the cranial cervi-

Emergent neurologic assessment should follow a standard 

cal ganglion send axons through the mid-

evaluation of airway, circulation, and vital signs. 

dle  ear  to  complete  the  pathway  to 

a)  Mentation

the eye. 

i)  Responsiveness  to  the  owner  and  sounds  and 

3)  Preganglionic  lesions  most  frequently 

reactivity to the environment are assessed. 

involve the thoracic spinal cord and cervical 

ii)  Cats  with  spinal  disease  or  injury  will  have  a 

sympathetic trunk. 

normal mentation. 

iii)  The feline visual system is particularly sensitive 

iii)  If  dullness,  stupor,  or  coma  is  present,  the 

such that cats may demonstrate a mild anisoco-

patient likely has an intracranial or metabolic 

ria  caused  by  differential  light  reaching  each 

derangement. 

eye.  If  mild  anisocoria  is  present,  attempt  to 

b)  Cranial nerve assessment

equilibrate the ambient light and reassess. 

i)  A quick assessment of cranial nerve function in 

c)  Ambulation and voluntary motor

cats with spinal disease should be normal. 

i)  In stable patients, assessing ambulation in the 

ii)  A Horner syndrome caused by a lesion in the 

emergency room setting can be accomplished by:

cervical spine may be identified. 

1)  Releasing  the  animal  in  a  quiet  room  or 

1)  Clinical signs include ptosis, miosis, enoph-

space/cage with limited options for escape. 

thalmos, and a resultant raised third eyelid. 

2)  Gait is evaluated for symmetry, strength, and 

2)  Horner  syndrome  is  caused  by  a  problem 

posture. 

located  within  the  pathway  of  sympathetic 

3)  Cats will often crouch to walk and with more 

innervation to the eye. 

confidence and comfort may stand to a fully 

–  First- order  neurons  travel  caudally  from 

erect posture. 

the diencephalon, in the spinal cord to the 

4)  Scratching the tail base may also cause the 

T1–T3 spinal cord segments. 

patient to extend the limbs and tail to assess 

–  Second- order  neurons  leave  the  spinal 

strength. 

cord with the roots of the brachial plexus, 

ii)  If the patient is non- ambulatory, it is important 

traveling through the thoracic cavity and 

to critically assess for any voluntary motor abil-

inlet  and  form  the  cranial  sympathetic 

ity in the limbs. 

trunk, which ascends the cervical spine in 

iii)  If there is no voluntary motor, assessing for sen-

the jugular groove. 

sation becomes key for determining prognosis. 
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1)  This  ability,  or  nociception,  is  assessed  by 

providing  a  painful  stimulus  and  watching 

Proprioceptive testing How to perform

Expected result

for  confirmation  that  the  patient  perceives 

the pain. 

Placing

Turn the paw over  Patient replaces the 

2)  This is evidenced by the patient turning to 

onto the dorsum

paw in a weight- 

look or bite at the stimulus, crying out, dila-

bearing position

tion of the eyes, or a change in respiration or 

Hopping

Lifting one of the  Shift the limb in 

pair of limbs and  the direction of the 

heart rate. 

pushing the patient  force before the 

h)  Anal tone and the perineal reflex

to the side of the 

weight of the body 

i)  A  rectal  examination  can  be  performed  to 

limb that remains  crosses midline

assess tone. 

in weight- bearing 

position

ii)  A test of perineal reflex can be performed by 

poking  or  pinching  the  perineal  region  and 

Visual placing

Lifting the patient  Patient sees the 

and bringing it to  edge and lifts the 

watching  for  winking  of  the  anus  and  tail 

the edge of the 

limbs to place on 

flagging. 

exam table

the top of the table

i)  Bladder and urination

Tactile placing

Covering the eyes  Patient feels the 

i)  Bladder tone is assessed with gentle abdominal 

or lifting the head  edge and lifts the 

palpation. 

to limit vision. 

limbs to place on 

Lifting the patient  the top of the table

ii)  Questioning  the  owner  regarding  recent  uri-

and bringing it to 

nary habits may provide insight. 

the edge of the 

iii)  Bladder expression may be most informative. 

exam table

1)  Upper  motor  neuron  bladder:  the  tone  is 

increased and expression is difficult, as the 

e)  Tone and reflexes

sphincter tone is also increased. Urine may 

i)  Muscle tone

be produced in short spurts. 

1)  The limbs are put through a normal range 

2)  Lower  motor  neuron  bladder:  the  tone  is 

of  motion  and  the  tone  is  assessed  and 

decreased, and during palpation, urine may 

described as normal, increased, decreased, 

be  inadvertently  expressed.  The  sphincter 

or absent. 

tone is decreased and urine is easily pushed 

f)  Myotatic or stretch reflexes

from the bladder. 

i)  The  patellar  reflex  is  achieved  by  striking  the 

iv)  See  general  treatment  recommendations  for 

patellar  tendon  with  a  reflex  hammer.  The 

bladder management strategies. 

reflex is assessed for its presence and intensity 

j)  Cutaneous trunci reflex

(normal, increased, decreased, absent, etc.). 

i)  This reflex is elicited by pinching the skin just 

ii)  Other stretch reflexes can be performed in the 

off midline or pulling fur from the level of fifth 

pelvic  limb  (cranial  tibial,  gastrocnemius,  sci-

or  sixth  lumbar  vertebra  cranially  to  the 

atic, etc.) and in the thoracic limb (biceps, tri-

level of T1. 

ceps,  extensor  carpi);  however,  these  are 

ii)  The signal is transmitted to the spinal cord via 

variable in their presence and intensity, there-

the sensory nerves. Upon synapsing in the cor-

fore not the reliable indicators for localization. 

responding  spinal  cord  segment,  the  signal 

g)  Withdrawal reflexes versus nociception

ascends the spinal cord bilaterally to the C8–T1 

i)  A withdrawal reflex is initiated by pinching the 

spinal  cord  segments. There,  it  synapses  with 

digit of the limb at the base of the nail, or web-

the cell bodies of the lateral thoracic nerve. This 

bing of the digit. 

nerve innervates the cutaneous trunci muscle, 

ii)  A positive withdrawal reflex occurs if the limb 

which  causes  the  twitching  of  the  skin  over 

is contracted and pulled away from the source 

the thorax. 

of  the  stimulus. The  response  is  described  by 

iii)  A disruption of the pathway may cause a cut-

presence and intensity. 

off of the normal reflex in the thoracolumbar 

iii)  The  withdrawal  reflex  is  a  local  reflex  arc  and 

region, or a complete loss of the reflex unilat-

does NOT provide any information regarding the 

erally,  as  in  the  case  of  a  brachial  plexus 

ability of the patient to perceive pain in the limb. 

avulsion. 
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iv)  In  cats,  this  reflex  can  be  very  difficult  to 

l)  Spinal shock

achieve; therefore, an inability to produce the 

i)  An acute and severe lesion in the spinal cord 

reflex is recorded but interpreted with caution. 

can cause a condition of spinal shock. 

k)  Schiff- Sherrington posture

1)  Recognized as loss of tone and reflexes cau-

i)  Characterized by a patient with a severe parapa-

dal to the spinal cord lesion. 

resis to plegia that exhibits increased tone in the 

ii)  The  signs  of  decreased  function  may  change 

thoracic limbs while in lateral recumbency. The 

quickly,  such  that,  within  24–48 hours,  they 

tone in the pelvic limbs may be either increased 

may return to the expected increased tone and 

or decreased, depending on the lesion localiza-

reflexes associated with lesion localization. 

tion (T3–L3 or L4–S1). 

iii)  The  pathogenesis  of  this  condition  is  poorly 

ii)  The  increase  in  tone  is  caused  by  loss  of  the 

understood. In humans, these signs occur but 

inhibitory input of the border cells to the alpha 

resolve rapidly (within minutes to hours). This 

motor neurons of the thoracic intumescence. 

can cause difficulty in initial localization. 

1)  Border cell bodies are located in the L1–L5 

B)  Spinal cord localization

region of the spinal cord, while their axons 

Based  on  the  constellation  of  signs  recorded  from  the 

are  located  in  the  thoracic  spinal  cord.  A 

examination  techniques  mentioned  in  the  earlier  text,  a 

lesion  along  their  pathway  can  create  the 

spinal cord localization can be achieved. In the following 

Schiff- Sherrington posture. 

text, the expected results are provided for a lesion affecting 

iii)  This posture can be confused with the posture 

one spinal cord region; however, in reality, patients may 

of a patient with a cervical lesion; however, the 

suffer from lesions extending into multiple regions or from 

other signs (gait, proprioception, etc.) will con-

lesions  which  are  not  severe  enough  to  produce  a  com-

firm the true localization. 

plete loss of function. 

Limbs

C1–C5 (6)

C6–T2

T3–L3

L4–S1 (3)

Gait (if 

Thoracic Long strided, 

Short strides

Normal

Normal

ambulatory: 

crossing, scuffing, 

>3 steps)

knuckling

Pelvic

Long strided, 

Long strided pelvic limbs

Long strided, crossing, 

Short strided, 

crossing, scuffing, 

scuffing, knuckling pelvic 

difficulty supporting 

knuckling

limbs

weight

General 

Thoracic Decreased to 

Normal to decreased/absent Normal

Normal

proprioception

absent

Pelvic

Decreased to 

Decreased to absent

Decreased to absent

Normal to 

absent

decreased/absent

Muscle tone

Thoracic Increased

Normal to decreased

Normal or Schiff- Sherrington Normal

Pelvic

Increased

Increased

Increased

Decreased

Stretch reflexes Thoracic Increased

Decreased

Normal

Normal

Pelvic

Increased

Increased

Increased

Decreased

Withdrawal 

Thoracic Normal to 

Decreased

Normal

Normal

reflexes

increased

Pelvic

Normal to 

Normal to increased

Normal

Decreased

increased

Anal tone

Normal

Normal

Normal

Normal to decreased

Bladder

Large, turgid, 

Large, turgid, difficult to 

Large, turgid, difficult to 

Large, flaccid, easy 

difficult to express express

express

to express

Cutaneous 

Complete

May be complete or 

May have cut off 1–2 

Complete

trunci reflex

unilateral loss of reflex

segments caudal to lesion

Special 

May have a Horner 

considerations

syndrome ipsilateral to 

lesion
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1)  Prognosis  is  guarded  to  poor  in  cases  of 

a)  Degenerative: intervertebral disk disease

sustained urinary or fecal incontinence. 

i)  Prevalence estimate of intervertebral disk dis-

c)  Neoplasia

ease in the cat varies from 0.02 to 0.12%. 

i)  Clinical presentation of  cats with spinal cord 

ii)  No specific breed predispositions in cats. 

tumors  is  typically  a  progressive,  asymmetric 

iii)  Most common sites of disk herniation in these 

paresis  or  paralysis  with  or  without  spinal 

cats were thoracolumbar (53%) and lumbosa-

hyperesthesia. Weight loss, changes in appetite, 

cral  (42%).  A  cervical  localization  was  rare, 

and lethargy are also reported. 

found in only 6% of the cats. 

ii)  Lymphosarcoma  is  the  most  common  tumor 

iv)  Diagnosis  methods  include  the  gold- standard 

affecting the spinal cord of cats. 

magnetic  resonance  imaging  (MRI),  or  by  a 

1)  Diagnosis  is  made  with  use  of  MRI, 

computed  tomography  (CT)  scan  with  and 

cerebrospinal  fluid  (CSF)  analysis,  biopsy, 

without myelogram. 

or fine- needle aspirate. 

v)  Treatment  options  include  both  medical  and 

2)  Kidney  and  bone  marrow  are  common 

surgical options with hemilaminectomy, dorsal 

associated sites of spinal lymphosarcoma. 

laminectomy, or ventral slot procedure. 

3)  Prognosis  is  poor  with  variable  survival 

vi)  Medical management

times  commensurate  with  treatment  with 

1)  Analgesia (may be combined)

chemotherapy,  surgery,  and  radiation,  and 

–  Methadone  0.1–0.2 mg/kg  IV  every 

is reported as 38 days to 62 weeks. 

4–6 hours. 

iii)  Other neoplastic diseases of the spine include 

–  Gabapentin  5–10 mg/kg  PO  every 

osteosarcoma, glial tumors, and meningioma. 

8 hours. 

These are rare tumors of the spine with varia-

–  Codeine 1–2 mg/kg PO every 4–6 hours. 

ble  median  survival  time  following  surgical 

2)  Anti- inflammatory (choose one)

debulking of 180–426 days for meningioma and 

–  Prednisone 0.5 mg/kg PO every 12 hours, 

88 days  for  osteosarcoma.  Few  reported  glial 

taper as needed. 

tumors  did  not  respond  to  treatment  with 

–  Dexamethasone  SP  0.1 mg/kg  IV  every 

corticosteroids. 

24 hours, taper as needed. 

d)  Infectious/inflammatory

–  Robenacoxib by weight 2.5–6 kg (1 tablet 

i)  Diskospondylitis

PO every 24 hours); 6–12 kg (2 tablets PO 

1)  Rare in cats. 

every 24 hours) for total of 3 days. 

2)  Duration  of  clinical  signs  is  typically  pro-

3)  Muscle relaxant

longed with spinal pain most common. 

–  Methocarbamol  30–45 mg/kg  every 

–  Ataxia and paresis, weight loss, and fever 

8 hours. 

may be present. 

4)  Gastroprotectant

3)  Diagnosis can be made from spinal radiog-

–  Famotidine 

1 mg/kg 

PO 

every 

raphy  with  changes  ranging  from  subtle 

12–24 hours. 

end- plate irregularity to erosion of the end 

vii)  Prognosis is variable with more severe exami-

plate and lysis of adjacent bone with associ-

nation  findings  requiring  more  aggressive 

ated periosteal reaction. 

management with surgery. 

–  MRI  and  CT  imaging  may  be  useful  if 

b)  Malformation

radiographs 

are 

inconclusive 

i)  Sacral  and  caudal  hemivertebra  and  spina 

(see Figure 26.1). 

bifida are found in the Manx cat. 

4)  Treatment  consists  of  antibiotic  therapy, 

1)  Clinical  signs  include  fecal  and  urinary 

rest, and pain management. 

incontinence. 

–  Antibiotic  therapy  is  guided  by  culture 

ii)  In  a  large  study  of  cats  with  spinal  imaging, 

and sensitivity testing (blood, urine, aspi-

congenital  abnormalities  were  common 

rates, etc.). 

(46/200 cats). 

–  First- generation  cephalosporins  are  a 

1)  Block vertebra found in only 3/200 cats. 

good first choice considering most com-

2)  Transitional vertebra was found most com-

mon organisms are staphylococcal. 

monly at the sacrocaudal junction. 

5)  Surgical biopsy is indicated in patients that 

iii)  Treatment for congenital abnormalities is sup-

are nonresponsive to therapy or for patients 

portive care. 

with significant neurologic deficits. 

[image: Image 92]

 Feline Emergency and Critical Care Medicine 287

Figure 26.1  Lateral lumbar spinal radiograph showing an 

irregularly widened disk space at L7–S1 and lytic end plates. 

Magnetic resonance imaging of the L7–S1 diskospondylitis lesion 

on T1- weighted imaging, post contrast. 

6)  Prognosis  is  good  for  response  to  medical 

cranial  nerve  dysfunction,  ataxia,  weak-

therapy.  Patients  with  fungal  infection  or 

ness, paralysis, seizures, difficulty breath-

that  are  immunocompromised  may  have 

ing/swallowing,  excessive  salivation, 

recurrence. 

aggression, or self- mutilation. 

ii)  Feline infectious peritonitis

–  Once  clinical  signs  develop,  the  animal 

1)  The  most  common  spinal  cord  disorder 

will usually succumb within 2–10 days. 

of cats. 

3)  History of vaccine status, potential wildlife 

2)  Primarily affects the cervical spinal cord of 

exposure,  and  bite  history  should  be 

cats <3 years of age. 

obtained for all cats with neurologic signs. 

–  Multifocal  or  localized  clinical  signs 

–  A risk assessment can be assigned once 

(ataxia, paresis, intracranial, etc.). 

the historical information is available. 

3)  Increased  globulin  concentration  is  found 

–  Previously  vaccinated  animals  can 

in  >70%  of  FIP  cases  and  an  albumin  to 

develop rabies (2.6% of 840 rabid cats in 

globulin ratio of <0.8 has a 92% positive pre-

one study). 

dictive value for the diagnosis of FIP. 

4)  Proper  personal  protective  gear  should  be 

4)  Use and interpretation of coronavirus anti-

worn for any cases where rabies is a differen-

body titers are controversial, but may be in 

tial diagnosis (gloves, gown, face mask, etc.). 

the  1:25  to  1:1600  range  and  increasingly 

5)  There is no premortem test for rabies. The 

relevant in the higher titers. 

postmortem test most frequently used is the 

5)  Immunohistochemistry  (IHC)  and  Reverse 

direct fluorescent antibody test and is per-

transcription  polymerase  chain  reaction 

formed on fresh (unfixed) frozen tissue. 

(RT- PCR) are useful for identifying antigens 

iv)  Toxoplasma

in tissues and effusions for definitive diagnosis. 

1)  Cats  infected  with  toxoplasma  gondii  may 

6)  There is no commercially available effective 

present  with  signs  consistent  with  focal 

treatment; however, a human antiviral drug 

disease. 

(GS- 441524) has shown some promise. 

2)  The encysted form of toxoplasma gondii can 

7)  Prognosis is guarded to poor in most cases 

persist for life and in cases of immunosup-

with survival times of just days to months. 

pression due to illness or medication may be 

iii)  Rabies

reactivated. 

1)  Cats  are  the  most  commonly  reported 

3)  Clinical  signs  are  associated  with  the 

domestic animal with rabies in the USA. 

affected spinal cord segments. 

2)  The  furious  and  paralytic  forms  of  rabies 

4)  Diagnosis

cause a progressive paralysis, and once clin-

–  A  positive  IgM  titer  or  a  fourfold  or 

ical signs have appeared, the disease is fatal. 

greater increase in IgG in paired samples 

–  The virus may be in the incubation period 

taken  2–4  weeks  apart  is  considered 

for weeks to months after exposure. 

diagnostic. 

–  The initial clinical signs are nonspecific: 

–  Disseminated  disease  has  been  docu-

lethargy,  fever,  vomiting,  anorexia,  etc. 

mented with a negative IgM and without 

This is followed by cerebral  dysfunction, 

rising IgG titers. 
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–  CSF may show mild elevation of protein 

1)  Fibrocartilaginous  material  enters  the  vas-

and cell counts of a mixed population of 

culature of the spinal cord by an unknown 

large  and  small  mononuclear  cells  and 

mechanism causing a myelomalacia. 

neutrophils. 

2)  Clinical signs occur in middle- aged to older 

5)  Treatment

cats (7–12 years) with acute onset of asym-

–  Clindamycin is the drug of choice and does 

metric paresis to paralysis in the absence of 

effectively  cross  the  blood–brain  barrier 

spinal pain. 

(10 mg/kg PO or IM q12h for 3–4 weeks). 

3)  MRI  is  the  gold  standard  for  diagnosis 

6)  Prognosis

and  shows  an  intramedullary  lesion  that 

–  Complete resolution may not occur due 

is hyperintense on T2- weighted imaging and 

to damage from host immune response. 

isointense on T1- weighted imaging. Minimal 

–  Overall prognosis is guarded to poor. 

contrast enhancement may be seen. 

e)  Vascular

4)  Treatment  includes  supportive  care  and 

i)  Feline ischemic myelopathy

physical  therapy.  Corticosteroids  have  not 

1)  Ischemic myelopathy occurs due to vascular 

been shown to provide any benefit and are 

occlusion and resultant necrosis of the asso-

not recommended. 

ciated spinal cord territory. 

5)  The  prognosis  is  guarded  for  a  functional 

–  The ventral spinal artery is a common site 

recovery. 

of thrombosis with specific features:

6)  In dogs, negative prognostic factors include 



●

Reported in older cats with acute onset 

lower  motor  neuron  dysfunction,  absence 

of  tetraparesis  to  tetraplegia,  and 

of pain sensation, and no improvement over 

marked  cervical  ventroflexion,  often 

2 weeks. 

with asymmetrical signs. 

iii)  Aortic thromboembolism

2)  MRI  shows  a  well- demarcated,  intramedul-

1)  In  the  case  of  acute  onset  of  plegia  with 

lary, ventral, symmetrical, hyperintense lesion 

limbs that are cool, have weak pulses, and 

on T2- weighted  imaging (see Figure 26.2). 

firm painful muscles, an aortic thromboem-

3)  CSF  analysis  shows  an  increased  protein 

bolism must be considered. 

and neutrophilic pleocytosis. 

2)  The  changes  can  be  bilateral  or  unilateral 

4)  Treatment  includes  supportive  care  and 

and symmetric or asymmetrical. 

physical therapy. 

3)  A  terminal  aortic  infarction,  or  saddle 

5)  Prognosis  is  fair  to  good,  as  all  reported 

thrombus, results in ischemic neuromyopa-

cases have improved to normal neurologic 

thy of the pelvic limbs. 

function. Recurrence is rare. 

4)  See  cardiogenic  feline  thromboembo-

6)  Risk  factors  include  chronic  kidney  dis-

lism (CATE). 

ease,  hypertension,  cardiomyopathy,  and 

f)  Trauma and fracture/luxation

hyperthyroidism. 

i)  Acute  spinal  cord  trauma  is  associated  with 

ii)  Fibrocartilaginous embolic myelopathy

primary 

injury 

through 

concussive, 

Figure 26.2  T2-weightedmagneticresonanceimagesshowinganintramedullaryhyperintenselesionatthelevelofC6 involvingthegray matter (white arrows). This lesion is most consistent with feline ischemic myelopathy. 

[image: Image 94]

 Feline Emergency and Critical Care Medicine 289

compressive, shear, laceration, distraction, and 

v)  Pain  management  may  be  achieved  initially 

contusive forces. 

with  opioids  (methadone,  hydromorphone, 

ii)  Fractures of the vertebra may result. 

fentanyl,  etc.).  Oral  analgesics  may  be  added 

1)  A  three- compartment  model  is  utilized  to 

(gabapentin,  amantadine,  amitriptyline,  etc.). 

classify fractures or disruptions of the spinal 

For dosing, see table in the following text. 

column such that injuries that involve 2 or 3 

vi)  Corticosteroids

compartments are considered unstable. 

1)  Methylprednisolone had been found to pro-

–  Dorsal: articular process, dorsal laminae, 

vide benefit if given within 8 hours of injury 

pedicles, and spinous process. 

in human studies. 

–  Middle: dorsal longitudinal ligament, dor-

–  Its principal benefit is its free- radical scav-

sal vertebral body, and annulus fibrosus. 

enging;  the  degree  of  functional  effects, 

–  Ventral:  ventral  longitudinal  ligament, 

however, were minimal. 

remaining  vertebral  body,  and  nucleus 

–  If  given  after  8  hours,  worse  outcomes 

pulposus. 

including pneumonia and increased risk 

iii)  Following stabilization of the patient and neu-

of sepsis were found. 

rologic assessment, survey spinal radiographs 

2)  Due to the other associated effects of gluco-

may be taken. 

corticoids  (gastrointestinal  (GI) ulceration, 

1)  Immobilization  on  a  backboard  that  is 

immunosuppression, 

hyperglycemia, 

radiolucent or use of horizontal beam radi-

impaired wound healing, etc.), the risks of 

ography  may  be  helpful  to  avoid  exces-

corticosteroids  outweigh  any  potential 

sive motion. 

benefit. 

iv)  Diagnosis is made with MRI and/or CT imag-

vii)  Conservative  management  may  include  exer-

ing.  CT  is  considered  superior  for  imaging 

cise restriction for 6–8 weeks. 

bone and bone fragments, while MRI is supe-

1)  External  coaptation  may  prevent  excessive 

rior  for  imaging  soft- tissue  structures 

movement during healing. Cats may not tol-

(see Figure 26.3). 

erate  a  back  brace,  but  a  soft  padded 

Figure 26.3  A lateral radiograph of a cat with pelvic fractures, suggestive of a laminar fracture at L4 (circle). CT scan revealed the detail of the fractures (arrows) with axial displacement into the spinal canal and causing mild spinal cord compression. 

290  Neurologic Emergencies: Spinal Cord bandaging may be acceptable for 2–3 days in 

a)  Rest in a small crate or area with clean, dry, pad-

the acute stage of injury. 

ded bedding. Turning the patients frequently will 

viii)  Surgical management is indicated for unstable 

help  to  prevent  decubitus  ulcers  in  recumbent 

fractures or in the case of spinal cord compres-

patients. Most rest recommendations are made for 

sion or worsening neurologic signs. 

at least 4–6 weeks, but depend on the disease state 

D)  General treatment recommendations

or injury. 

Supportive  care  for  cats  with  spinal  disease  or  injury 

b)  Bladder  management  is  vital  for  patients  with 

includes the following:

urinary incontinence. 

Mechanism of action

Dose

Side effects

Analgesia

Amantadine

Centrally acting antiviral drug 

3–5 mg/kg PO q24h

Agitation, soft stools, diarrhea, and 

that binds N- methyl 

flatulence

D- aspartate (NMDA) receptor

Amitriptyline

Tricyclic antidepressant, 

1–2 mg/kg PO q24h

Sedation, constipation, urinary retention

blocks norepinephrine and 

serotonin reuptake

Buprenorphine

Partial mu- opioid agonist

0.01–0.04 mg/kg TID, 

Sedation

applied to the buccal 

membrane, IV

Butorphanol

Synthetic opioid analgesic with 

0.1–0.4 mg/kg IV, IM, SC

Sedation, decreased appetite

agonist/antagonist activity

Fentanyl

Short- acting synthetic mu 

Bolus: 2.5–10 mcg/kg IV 

Mild sedation and salivation

agonist

patches: 12 mcg < 5 kg, 

25 mcg (5.1–10 kg), CRI: 

analgesia— 0.03–0.1 mcg/

kg/min CRI: 

anesthesia— 0.5–2.0 mcg/

kg/min

Gabapentin

Structural analog of gamma 

3–10 mg/kg BID/TID

Sedation, ataxia

aminobutyric acid (GABA). 

Proposed to alter trafficking of 

voltage- gated Ca subunits in 

neuropathic pain pathways

Hydromorphone

Semi- synthetic full mu agonist 

0.05–0.1 mg/kg IV, IM

Hypersalivation, nausea, vomiting, 

analgesic

respiratory depression, and 

postanesthetic hyperthermia

Methadone

Synthetic mu- opioid receptor 

0.2–0.6 mg/kg

Dysphoria, nausea, reduced 

agonist and NMDA receptor 

gastrointestinal motility, respiratory 

antagonist

depression, and bradycardia

Tramadol

Weakly binds mu receptors

1–2 mg/kg PO q12–24h

Dysphoria, drug interactions causing 

serotonin syndrome

Antibiotic

Amoxicillin

Beta- lactam antibiotic, 

11–22 mg/kg PO BID/TID

Loss of appetite, drooling, nausea, 

inhibition of cell wall synthesis

vomiting, diarrhea

Clindamycin

Inhibits bacterial protein 

10 mg/kg PO, IV q8–12h

Nausea, vomiting

synthesis by binding 50S 

ribosomal subunit

Anti- inflammatory

Robenacoxib

Non- steroidal anti- 

2.5–6 kg (1 tablet PO q24h 

Decreased appetite, vomiting, diarrhea

inflammatory drug, 

for 3 days)

prostaglandin inhibitor that is 

6.1–12 kg (2 tablets PO 

cyclooxygenase (COX)- 1 

q24h for 3 days)

sparing, COX- 2 selective

Inj. 2 mg/kg SQ every 

24 hours for 3 days
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Mechanism of action

Dose

Side effects

Methylprednisolone

Potent anti- inflammatory 

30 mg/kg IV within 8 

Excessive thirst, excessive appetite, 

glucocorticoid

hours of injury followed 

excessive urination, dull or dry hair coat, 

by 5.4 mg/kg/h 

weight gain, panting, vomiting, diarrhea, 

for 24 hours

upset stomach, muscle wasting, 

depression, lethargy, aggressiveness

Prednisolone

Anti- inflammatory 

1 mg/kg/day with a 

Excessive thirst, excessive appetite, 

glucocorticoid

variable tapering down

excessive urination, dull or dry hair coat, 

weight gain, panting, vomiting, diarrhea, 

upset stomach, muscle wasting, 

depression, lethargy, aggressiveness

Bladder management

Bethanechol

Cholinergic, stimulation of 

1.25–7.5 mg per cat q8h

Vomiting, diarrhea, decreased appetite, 

muscarinic receptors in the 

hypersalivation, bradycardia, hypotension

smooth muscle

Diazepam

Benzodiazepine used for 

0.2–0.5 mg/kg q4–8h

Central nervous system (CNS) 

skeletal muscle relaxation

depression, appetite stimulation, sedation

Phenoxybenzamine

Pure alpha- adrenergic 

0.25–0.5 mg/kg q12h

Hypotension, weakness, nausea, miosis, 

inhibitor

sodium retention

Prazosin

Non- selective alpha 1- inhibitor

0.25–0.5 mg/CAT q8–12h

Hypotension

Tamsulosin

Selective alpha 1a- adrenergic 

0.004–0.006 mg/kg PO 

At high doses, hypotension

inhibitor

q12–24h

Gastroprotectant

Omeprazole

Proton- pump inhibitor

1 mg/kg PO BID

Nausea, vomiting, diarrhea, increased 

flatulence

Muscle relaxant

Methocarbamol

Centrally acting muscle 

15–44 mg/kg IV PO q6–8h

CNS depressant, emesis, salivation, 

relaxant, mechanism of action 

weakness, ataxia

(MOA) unknown

i)  Hospitalized  patients  may  be  best  managed 

muscle  relaxants  (prazosin,  tamsulosin, 

with  an  indwelling  catheter  or  intermittent 

phenoxybenzamine, etc.) and striated mus-

catheterization. 

cle relaxants (diazepam). 

ii)  Manual  expression  may  be  performed  every 

2)  For lower motor neuron bladder, interven-

6–8 hours in hospital or at home with proper 

tions include bethanechol. 

instruction. 

E)  Medications

1)  Pharmacological  interventions  for  upper 

motor  neuron  bladder  include  smooth 
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UNIQUE FEATURES



● Abnormal posture with flexion of the head and neck is a common feature of cats with neuromuscular disorders such as myasthenia gravis (MG), hypokalemia, hyperthyroidism, thiamine deficiency, polymyositis, polyneuropathy, toxicities, etc. 



● Megaesophagus and regurgitation are uncommon in cats; however, they can be associated with several neuromuscular disorders such as myasthenia gravis, polymyositis, polyradiculoneuritis, lead toxicosis, botulism, tick paralysis, etc. 



● Hind limb paresis, plantigrade stance, and poor hind limb reflexes have been associated with a distal polyneuropathy secondary to diabetes mellitus. 



● Acquired myasthenia gravis in cats has been associated with a higher incidence (25%) of mediastinal masses than in dogs. 



● Myasthenia gravis has been associated with methimazole administration in hyperthyroid cats. 



● Cats affected by neuromuscular diseases show persistent weakness more commonly than dogs. 

The term peripheral nervous system encloses the neuro-

possible along with Horner’s syndrome, resulting in 

muscular  system,  the  sensory  nervous  system,  and  the 

myosis of the eye on the affected side. Sensory fibers 

autonomic nervous system. The neuromuscular system is 

may also be affected and sensory testing is of crucial 

composed  of  motor  units  made  up  of  the  neuronal  cell 

importance to determine the extent of the injury. 

body, its axons, the neuromuscular junction, and muscle 

c)  Diagnosis: based on history, clinical signs, and elec-

fibers.  The  vast  variety  of  conditions  that  can  affect  the trodiagnostic testing. Electromyography and nerve 

peripheral nervous system can present with a spectrum of 

conduction  velocity  tests  should  be  performed 

clinical signs (see Table 27.1). 

5–7 days after the injury and can be repeated seri-

ally. Advanced imaging such as computed tomogra-

phy (CT) or magnetic resonance imaging (MRI) can 

27.1   Peripheral Nervous System 

be  performed  if  a  myelopathy  is  suspected 

Emergencies Due to Trauma

(Table 27.2). 

d)  Treatment options are limited. Prognosis for a com-

A) Brachial plexus avulsion

plete avulsion is guarded to poor. Loss of motor and 

a)  Less common in cats than in dogs. Usually resulting 

sensory  function  often  results  in  self  mutilations 

from entrapment of thoracic limbs with consequent 

secondary  to  paresthesia,  and  amputation  of  the 

traction of the limb by the animal. 

limb is recommended if no improvement is observed 

b)  Clinical  signs:  decreased  shoulder  movement  and 

within 2–3 months. 

elbow flexion are present with cranial lesions; cau-

B)  Traumatic neuropathies

dal  plexus  lesions  affect  the  ability  to  extend  the 

a)  Pelvic fractures

elbow. Most common injuries are of complete avul-

i)  Complete sciatic neuropathy can occur second-

sion with the inability to extend the elbow and bear 

ary to pelvic fractures. Clinical signs are consist-

weight on the affected limb. Loss of the cutaneous 

ent with inability to extend the hip and flex the 

trunci  reflex  ipsilaterally  to  the  injury  is  also 

stifle  along  with  dropped  hock  with  loss  of 
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Table 27.1  Clinical signs of peripheral nervous system disease. 

27.2   Peripheral Nervous System 

Emergencies Due to Vascular Disease

Muscle tremors

Generalized or localized muscle weakness

A) Ischemic neuromyopathy

Muscle atrophy or hypertrophy

a)  Vascular occlusion secondary to thromboembolism 

Ventroflexion of the neck

may result in ischemic neuromyopathy. 

Autonomic dysfunction (megaesophagus, constipation, dysuria, 

mydriasis, etc.)

b)  Causes:  cardiomyopathies  (hypertrophic  most 

Dyspnea/dysphonia

commonly, but also dilated, restrictive, and unclas-

Hypotonia and/or hyporeflexia

sified),  vascular  occlusion  secondary  to  foreign 

Short- strided gait with overflexion of the joints and decreased 

body (steel pellet BB shot), paraneoplastic thrombo-

ability to support weight

cytosis, and peripheral arterial embolization of an 

adenocarcinoma. Ischemia results in a neuropathy 

characterized by demyelination and ischemic myo-

Table 27.2  Diagnostic plan for peripheral nervous system 

pathy with myofiber necrosis. 

disorders. 

c)  Clinical  signs:  cats  present  with  the  classic  five 

“Ps”— pulselessness,  pain,  pallor,  paresis,  and 

Complete blood cell count

poikilothermia.  Deep  pain  responses  are  usually 

Serum biochemistry panel

absent in the distal limbs. Patellar reflexes may be 

Urinalysis

intact and flexion of the hip and stifle may be pre-

Thoracic radiographs

sent.  Distal  limb  muscles  (cranial  tibial  and  gas-

Abdominal ultrasound

trocnemius)  may  appear  swollen  and  painful. 

Infectious disease serum titers

Femoral pulses are usually weak to absent and the 

Electrophysiologic evaluation and muscle/nerve biopsies are of 

foot pads are cold and cyanotic with nail beds not 

consideration for an accurate diagnosis of some diseases 

affecting the neuromuscular system of cats

bleeding  when  cut.  Tachypnea  and  tachycardia 

are common. 

d)  Diagnosis:  based  on  demonstration  of  decreased 

blood flow using Doppler ultrasonography or angi-

sensation of the whole limb except for the medial 

ography.  Comparison  of  a  venous  blood  sample 

aspect.  Typically,  cats  are  able  to  bear  weight. 

acquired from the affected limb with that acquired 

Withdrawal  reflex  is  decreased  to  absent  other 

from a central vein can be of utility. Local venous 

than  some  hip  flexion.  Advanced  imaging  (CT 

glucose  will  be  significantly  lower  than  central 

and/or MRI) along with electrodiagnostic studies 

venous glucose, and local venous lactate will be sig-

is  indicated  to  best  characterize  the  severity  of 

nificantly  higher  than  central  venous  lactate. 

the  injury.  Amputation  of  the  limb  may  be 

Thoracic radiography, echocardiography, and elec-

required if secondary complications, such as self- 

trocardiogram complete the workup. 

mutilation, occur. 

e)  Treatment: surgical and medical treatments such 

b)  Sacrocaudal fractures/luxation

as the use of tissue plasminogen activator, strepto-

i)  Traction  injury  to  the  nerve  roots  of  the  cauda 

kinase  and  urokinase  have  been  inconsistently 

equina commonly occurs with injuries of the sac-

successful.  Initial  treatment  should  include  pain 

rococcygeal area, along with damage to the sciatic 

control  (methadone  0.2–0.5 mg/kg  IV  q4–6 hours 

nerve.  Pudendal,  pelvic,  and  caudal  nerves  are 

or fentanyl 2–5 μg/kg/h IV CRI). After establishing 

responsible for motor and sensory innervation to 

if  congestive  heart  failure  is  present,  furosemide 

the anal and urethral sphincters, urinary bladder, 

(1–2 mg/kg 

q1–8 

IV) 

or 

pimobendan 

rectum, genitalia, perineal area, and tail. 

(0.625–1.25 mg/cat q12 PO) can be administered. 

Clinical  signs  may  vary  from  motor/sensory 

Antithrombotic  treatment  should  be  started  as 

deficits  to  the  tail  only  to  urinary  and  fecal 

soon as possible. Aspirin (75 mg/cat q72 PO) and 

incontinence with absent anal tone and perineal 

clopidogrel  (18.75 mg/cat  q24  PO)  are  well  toler-

sensation. Cats that don’t recover normal mictu-

ated in cats. 

rition function within 1 month after the injury 

f)  Prognosis: guarded; many cats have recurrent epi-

are likely to have permanent deficits. Tail ampu-

sodes  despite  treatment  of  the  underlying  condi-

tation  can  prevent  self- mutilation  damage  and 

tion. Cats with hypertrophic cardiomyopathy have a 

skin infections if the perineal area is soiled with 

better prognosis than cats with the restrictive form. 

urine and/or feces. 

Clinical  signs  that  indicate  a  better  prognostic 
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indicator  are  pale  pink  pad  color,  tail  movement, 

dyspnea, and dysphonia. Distal axonal degeneration 

good anal tone, normal body temperature, and eup-

of motor and sensory nerves has been reported. 

nea at presentation. 

D) Pyrethrins/pyrethroids

a)  Pyrethrins are pesticides normally used to control 

mosquitoes,  flies,  ants,  moths,  and  many  other 

27.3   Peripheral Nervous System 

pests. The pesticide’s  mechanism  of  action  con-

Emergencies Due to Toxins

sists  in  delay  of  closure  of  the  voltage- gated 

sodium  channels  in  the  neurons,  resulting  in 

A) Organophosphate and carbamate

repeated and extended nerve firing. 

a)  Insecticides inhibitors of cholinesterase. 

b)  Clinical signs are consistent with hyperexcitability, 

b)  Clinical  signs:  mixture  of  parasympathomimetic 

tremors,  and  seizures,  but  neuromuscular  weak-

(salivation, lacrimation, diarrhea, bradycardia, mio-

ness has been described in up to 28% of the cases. 

sis, increased bronchial secretions, etc.), sympatho-

c)  Diagnosis: based on history of exposure, appropri-

mimetic  (mydriasis,  tachycardia,  etc.),  and 

ate clinical signs, and response to treatment. 

neuromuscular  (tremors,  stiffness,  fasciculations, 

Treatment: gastric lavage and administration of 

paralysis, etc.) signs. Central nervous system (CNS) 

charcoal should be used in cases of oral ingestion. 

signs such as seizures and obtundation can also occur. 

Bathing with lukewarm water and mild detergents 

c)  Diagnosis: based on history of exposure, appropri-

is recommended for topic exposure. 

ate clinical signs, and response to treatment. 

d)  Intravenous lipid emulsion (ILE) can be used as an 

d)  Treatment: atropine 0.2–0.5 mg/kg: ¼ dose IV, bal-

adjunctive therapy in treating pyrethrins toxicity. A 

ance IM or SC. 

20% ILE solution can be used starting with a 1.5–4 ml/

e)  Diazepam 0.5–1 mg/kg IV or midazolam 0.1–0.3 mg/

kg IV bolus administered over a minute, followed by 

kg to control seizure activity. 

a CRI of 0.25 ml/kg/min for 30–60 minutes. If clinical 

f)  Pralidoxime chloride (2- PAM): 20 mg/kg IM or IV 

signs   continue,  a  CRI  at  0.5 ml/kg/h  until  clinical 

q6–8 if animal is showing nicotinic signs (tremors, 

signs improve can be started. If no improvement is 

weakness,  and  paralysis— contraindicated  for  car-

seen after 24 hours, discontinue ILE. 

bamate toxicity). 

E)  Tick paralysis

g)  If oral exposure is suspected, administer oral charcoal. 

a)  Acute  onset  of  tetraparesis  followed  by  paralysis 

h)  Bathing  with  suitable  detergents  for  topical 

and death occurs after exposure to a neurotoxin pre-

Organophosphates  (Ops)  can  prevent  prolonged 

sent  in  ticks’  saliva.  Dermacentor  tick  in  North 

exposure after grooming. 

America and  Ixodes ticks in Australia are the spe-

B)  Heavy metals

cies  responsible  for  the  disease.  Cats  in  North 

a)  Lead poisoning is uncommon in cats. Clinical signs 

America seem to be resistant to the neurotoxin and 

are  consistent  with  seizures  and  gastrointestinal 

clinical cases are reported in Australia only. 

signs; megaesophagus has been reported as conse-

Biologic  toxins  resulting  from  snake,  spider,  or 

quence of a lead- induced neuropathy. 

toad  envenomation  have  been  reported  sporadi-

b)  Rodenticides  containing  thallium  salts  can  be  a 

cally in cats. Clinical signs are diverse and consist-

source  of  poisoning  for  cats  if  ingested.  Clinical 

ent with generalized weakness, paresis, or paralysis 

signs are consistent with hypotonia and ataxia due 

affecting  all  limbs,  respiratory  paralysis,  muscle 

to a sensory neuropathy. 

spasms,  autonomic  signs,  etc.  The  prognosis 

c)  Mercury intoxication has been reported in associa-

depends  on  many  factors  including  the  amount 

tion  with  ingestion  of  fish  from  mercury- polluted 

and type of venom received. 

water. Clinical signs are consistent with ataxia and 

seizures mostly, but sensory neurons degeneration 

is also present. 

27.4   Peripheral Nervous System 

d)  Diagnosis of heavy metals exposure/intoxication is 

Emergencies Secondary 

based  on  history,  clinical  signs,  and  isolation  of 

to Metabolic Disorder

metals from blood, urine, or body tissues. Treatment 

is based on supportive care, bathing, enemas, and 

A) Diabetes

administration of chelating agents when indicated. 

a)  Clinical  signs:  plantigrade  stance,  paraparesis, 

C)  Salinomycin

decreased  postural  reactions,  irritability  when 

a)  Clinical signs are consistent with acute onset of para-

manipulating  the  feet,  etc.  Cats  are  most  likely 

paresis or tetraparesis with autonomic dysfunction, 

obese and older than 7 years of age. 
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b)  In  severe  cases:  palmigrade  stance  and  decreased 

complications.  A  lack  of  response  to  treatment 

reflexes.  Cranial  nerves  abnormalities  are  usually 

should prompt to further investigation for an under-

not detected. 

lying neoplastic process. 

c)  Treatment: aggressive management of hyperglyce-

B)  Infectious

mic  state  with  the  aim  of  restoring  euglycemia 

a)  Infectious myositis is uncommon in cats. They have 

improves  the  clinical  signs  but  persistent  deficits 

been reported in association with viral, bacterial, or 

are common. 

protozoal systemic diseases. 

B)  Hyperthyroidism

b)  Cats  are  definitive  hosts  for   Toxoplasma  gondii. 

a)  Very common endocrine disorder in cats that fre-

Clinical signs occur in cats older than 3 months of 

quently results in muscle weakness. Clinical signs 

age and are most commonly related to the respira-

are consistent with muscle tremors and ventroflex-

tory and gastrointestinal systems; the organism can 

ion of the neck. Correction of the underlying thy-

be found in the muscles and CNS, but clinical signs 

roid  disease  usually  results  in  resolution  of  the 

affecting these systems are rarer. Diagnosis is made 

neuromuscular signs. 

via IgG and IgM serum titers; clindamycin (15 mg/

kg q12 PO) ± trimethoprim/sulfadiazine (10–15 mg/

kg q12 PO) is considered the antibiotic of choice for 

27.5   Myopathies

treatment. 

c)   Neospora caninum and FIV- associated myopathies 

A) Idiopathic inflammatory

have been produced experimentally in adult cats. 

a)  Acquired diffuse idiopathic inflammatory disorder 

d)   Clostridium  chauvoei  and   clostridium  septicum 

of skeletal muscle. The true prevalence is unknown, 

myositis have been reported in cats. They may be 

but the disease is likely uncommon. 

secondary to muscle injuries or surgical procedures 

b)  Clinical signs: acute onset of generalized weakness, 

and present as focal and painful swollen lesions. 

inability to jump or walk long distances, ventroflex-

C)  Metabolic

ion of the neck, etc. Muscle pain has been reported 

a)  Hypokalemic myopathy: usually in older cats result-

in a few cases. 

ing from depletion of total body potassium second-

c)  Diagnostic testing: significant creatine kinase (CK) 

ary  to  renal  disease,  hyperaldosteronemia, 

elevation (5–10 times higher than normal) and elec-

thyrotoxicosis, or diet imbalances. Clinical signs are 

tromyography abnormalities can be of aid in solidi-

consistent with stiff gait, muscle pain, cervical ven-

fying the clinical suspicion. The definitive diagnosis 

troflexion,  etc.  Laboratory  abnormalities  include 

is obtained via muscle biopsies. Other causes of a 

elevated CK (10–30 times normal) and low potas-

generalized  myopathy,  such  as  hypokalemic  myo-

sium  concentration  (<3.5 mEq/l).  In  stable  cats, 

pathy  or  infectious  causes  ( Toxoplasma  gondii, 

oral supplementation at 2–4 mEq PO q12 manifests 

feline  immunodeficiency  virus,  feline  leukemia 

as significant improvement within 2–3 days of treat-

virus etc.), should be ruled out before performing 

ment. In most severe cases, intravenous potassium 

an extensive workup. 

chloride  is  administered  at  a  dose  not  to  exceed 

d)  Management/treatment:  if  an  infectious  cause  is 

0.5 mEq/kg/h. 

identified, treatment should be targeted for it. The 

b)  Hyperthyroid  myopathy:  clinical  signs  such  as 

use of  clindamycin (15 mg/kg q12 PO) along with 

tremors, generalized weakness, inactivity, episodes 

an anti- inflammatory dose of glucocorticoids (pred-

of  collapse,  and  neck  ventroflexion  have  been 

nisolone 0.5–1 mg/kg q12–24 PO) has been recom-

reported in hyperthyroid cats. These clinical signs 

mended as empirical treatment for the first 7 days. 

resolve once euthyroid status is repristinated. 

If significant improvement is observed, a presump-

tive diagnosis of  Toxoplasma gondii myositis can be 

made  and  treatment  with  clindamycin  should  be 

27.6   Miscellaneous

continued  for  a  total  of  4–6  weeks.  Spontaneous 

recovery has been reported in cats with idiopathic 

A) Myasthenia gravis

inflammatory myopathy. Treatment with immune- 

a)  Acquired and congenital forms can both occur in 

suppressive doses of glucocorticoids (prednisolone 

cats. Acquired MG is usually seen in cats older than 

1–2 mg/kg/day)  should  be  started  if  infectious 

3 years of age, and the congenital form is seen in 

causes are considered unlikely. Immune- mediated 

cats younger than 6 months of age. Acquired myas-

polymyopathies  can  occur  as  paraneoplastic 

thenia  gravis  has  been  associated  with  a  high 
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incidence  of  mediastinal  masses,  prevalently  thy-

mainstay  treatment  for  cats,  since  they  generally 

moma  (25%).  Treatment  with  methimazole  for 

tolerate better the side effects (especially exacerba-

hyperthyroidism  has  also  been  associated  with 

tion of muscle weakness) than dogs. 

acquired myasthenia gravis (4.8%). Abyssinian and 

Discontinuing  methimazole  has  shown  resolu-

Somali cats have been reported to be at highest rela-

tion of clinical signs in cats with a suspected etiol-

tive risk for developing myasthenia gravis, confirm-

ogy of drug- induced acquired myasthenia. 

ing the suspicion of a genetic basis for the disease. 

B)  Acute idiopathic polyneuropathy

b)  Clinical signs: most cats present with clinical signs 

a)  Characterized by acute and rapidly progressive clin-

consistent of generalized weakness, and, compared 

icals  signs  consistent  with  paraparesis  leading  to 

to dogs, cats have a lower incidence of megaesopha-

tetraparesis over the course of 72 hours. Hyporeflexia 

gus due to the decreased amount of striated muscle 

with preservation of sensation is typical; respiratory 

fibers present in the feline esophagus. 

distress requiring mechanical ventilation can occur. 

i)  Ventroflexion of the neck and decreased palpe-

Spontaneous recovery over 4–6 weeks is reported in 

bral reflex have also been reported. 

the majority of cats. In some of these cases, clinical 

c)  Diagnostic  testing:  thoracic  radiographs’  acquisi-

response to corticosteroids has also been reported. 

tion is always recommended given the greater num-

C)  Dysautonomia

ber of thymomas diagnosed in the myasthenic cats 

a)  Generalized disorder affecting primarily autonomic 

compared to dogs. 

ganglia of undetermined etiology. There is no age or 

The gold standard for the diagnosis of myasthe-

gender predisposition. 

nia  is  the  demonstration  of  serum  autoantibodies 

Clinical signs: related to dysfunction or failure of 

against muscle anti- acetylcholine receptor (AChR) 

the  parasympathetic  and  sympathetic  nervous 

by immunoprecipitation immunoradioassay. Serum 

systems. 

should  be  collected  before  starting  immunosup-

Anorexia,  weight  loss,  and  obtundation  are  the 

pressive therapy. 

most  commonly  observed  clinical  signs.  Consti-

Serum  Ach- receptor  antibody  titer  >0.3 nM/l  is 

pation, regurgitation (often due to megaesophagus), 

diagnostic of MG. 

vomiting, decreased tear production, protrusion of 

A presumptive diagnosis can be made adminis-

the  nictitating  membrane,  dry  external  nares  and 

tering a short- acting anti- ChE. A single intravenous 

oral  mucosa,  bradycardia,  and  mydriasis  have  all 

dose  of  edrophonium  chloride  (tensilon)  at 

been  reported  as  signs  related  to  parasympathetic 

0.25–0.5 mg/cat  (preceded  by  0.02–0.04 mg/kg  of 

dysfunction. 

atropine  subcutaneously  15 minutes  before)  can 

Clinical signs develop in less than 48 hours. 

result in significant short- term improvement. The 

b)  Diagnostic testing: autonomic nervous system tests 

response to this test happens almost immediately. 

include:

Alternatively,  if  tensilon  is  not  available,  neostig-

i)  Pilocarpine test: one drop of pilocarpine oph-

mine  can  be  administered  at  0.05 mg/kg  IM  or 

thalmic solution 0.1, 0.01, or 0.05% is instilled 

0.02 mg/kg  IV.  The  clinician  should  expect  a 

in one eye and the cat is monitored for up to 

response within 15–30 minutes from administration 

60 minutes  for  development  of  miosis  (the 

of this drug. 

expected normal response is no change in pupil 

Single- fiber  EMG  is  the  most  sensitive  but  not 

size).  Miosis  after  instillation  of  pilocarpine 

very  specific  electrodiagnostic  test  for  diagnosing 

reflects  denervation- induced  hypersensitivity 

MG. Definitive diagnosis of congenital myasthenia 

to  the  iris  ciliary  muscle  to  parasympathetic 

gravis is achieved with biopsy of the internal inter-

agonists. 

costal muscle. 

ii)  Schirmer test for tear production utilizing the 

d)  Management/treatment: the incidence of sponta-

standard  tear  strips:  normal  anticipated 

neous  immune  and  clinical  remission  in  cats  is 

response in a healthy cat is >10 mm/min. 

unknown.  Pyridostigmine  bromide  (mestinon) 

iii)  Atropine test: administration of 0.04 mg/kg of 

0.1–0.3 mg/kg  administered  per  OS  every 

atropine SC followed by heart rate assessment 

8–12 hours.  When  oral  dosing  is  not  possible,  a 

every  15 minutes  (up  to  60 minutes)— normal 

constant  rate  infusion  at  0.01–0.03 mg/kg/h  may 

response in a healthy cat should be an increase 

be used. 

in heart rate >20 beats per minute. 

Immunosuppressive  doses  of  prednisolone 

iv)  Histamine  response  test:  administration  of 

(1–2 mg/kg  q12–24)  have  been  reported  as  the 

0.05 ml of histamine (1:10000) and 0.9% saline 
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SC. Anticipated response from a healthy cat is 

associated  with  a  high  prevalence  of  anaphylaxis. 

the formation of a detectable wheal and flare in 

Alternatively,  human  antitoxin  has  also  been  uti-

response to histamine. 

lized (500–1000 UI IM once). Wound debridement 

c)  A negative response to one or more of these tests 

should be performed to kill any  C tetani microor-

doesn’t rule out dysautonomia. 

ganism present in the wound along with adminis-

d)  Management/treatment:  prognosis  is  generally 

tration  of  systemic  antibiotic.  Metronidazole 

poor with a reported 70% mortality rate. Cats show-

(7–10 mg/kg  IV  q8–12 hours  for  7–14 days)  has  a 

ing mild clinical signs or signs limited to one par-

bactericidal  mechanism  of  action  against  most 

ticular organ are more likely to recover. Supportive 

anaerobics;  it  has  been  shown  to  be  effective  in 

care along with symptomatic treatment is indicated. 

reducing hospitalization time and it is now consid-

No  definitive  treatment  is  currently  available  for 

ered the antibiotic of choice. Supportive care includ-

this condition. 

ing IV fluids and muscle- relaxant medications such 

D) Tetanus

as  diazepam  (0.2 mg/kg  IV)  and  methocarbamol 

a)  Disorder  caused  by  tetanospasmin,  a  neurotoxin 

(55–220 mg/kg/day  IV,  maximum  daily  dose 

produced  during  multiplication  of  the  anaerobic 

330 mg/kg/day)  to  reduce  muscle  spasms  is  indi-

bacteria   Clostridium  tetani.  The  toxin  acts  at  the 

cated. Prognosis is generally favorable, but it may 

level of the central nervous system where it inhibits 

take weeks to months for a full recovery. If the cat is 

the  release  of   glycine  and  gamma- aminobutyric 

severely affected and laterally recumbent, manual 

acid (GABA), which are neurotransmitters of inhib-

expression of the urinary bladder may be necessary. 

itory  interneurons  of  the  brain  and  spinal  cord. 

Penetrating wounds with the introduction of spores 

into devitalized tissue are often the source of infec-

27.7   Urinary System Dysfunctions

tion. Cats are more resistant than many other spe-

cies to the effect of tetanus toxin. 

b)  Clinical  signs:  the  generalized  form  of  tetanus  is 

The term urinary incontinence encompasses signs of inap-

characterized by widespread rigidity of appendicu-

propriate urination and failure to urinate. 

lar  muscles,  trismus,  erected  ears,  retracted  lips 

The  upper  motor  neuron  (UMN)  bladder  happens  when 

(risus  sardonicus),  and  prolapse  of  the  nictitating 

spinal tracts cranial to the sacral spinal region have been 

membranes. A localized form of tetanus has been 

interrupted. The  bladder  will  be  full,  overdistended,  and 

reported in cats, characterized by extensor rigidity 

difficult to express manually. 

of a single limb or both pelvic or both thoracic limbs. 

The lower motor neuron (LMN) bladder occurs when the 

c)  Diagnostic testing: the history of a wound observed 

sacral segments of the spinal cord, nerve roots, and puden-

within 3 weeks prior to the onset of clinical signs or 

dal  and  pelvic  nerves  are  damaged.  The  bladder  will  be 

the presence of a wound along with the typical clin-

large, flaccid, and easy to be manually expressed. 

ical signs is usually the means of diagnosing tetanus 

In the diagnostic workup, consider non- neurologic causes 

in cats. Electromyography studies can be performed 

of  urinary  incontinence/inability  to  urinate  (mechanical 

under general anesthesia, which reveal a continu-

obstructions,  hormone- responsive  incontinence,  urinary 

ous pattern of motor unit activity. In the event of 

tract  infections,  etc.).  Complete  blood  count  (CBC),  bio-

generalized  tetanus,  measurement  of  serum  anti-

chemical  profile,  urine  analysis,  and  advanced  imaging 

body  titers  against  tetanus  toxin  can  be  of  diag-

(radiographs, ultrasound, urodynamic studies, etc.) may be 

nostic aid. 

of aid for a definitive diagnosis. 

d)  Management/treatment:  management  of  tetanus 

Management/treatment: consider indwelling urinary cath-

includes  administration  of  anti- tetanus  equine 

eterization if manual expression is ineffective. To decrease 

serum  at  a  dose  of  100–1000  UI  by  intravenous, 

urethral resistance, prazosin at the dose of 1 mg/15 kg PO 

intramuscular, or subcutaneous route once. An ini-

q8–12 (dog) or at 0.25–0.5 mg PO q12–24 (cat) or valium at 

tial test dose (0.1–0.2 ml) is administered intrader-

0.25–1 mg/kg PO q8–12 (dog) or at 1–2 mg/kg q12 (cat) can 

mally, and if an adverse reaction is not observed, the 

be used. To increase detrusor muscle contractility, bethane-

rest  of  the  dose  can  be  administered  intramuscu-

chol at 2.5–15 mg PO or SQ q8 (dog) or at 1.25–5 mg PO q12 

larly  or  intravenously  over  10–15 minutes. 

(cat)  can  be  utilized.  Phenylpropanolamine  at  1.5 mg/kg 

Administration  of  equine  anti- toxin  has  been 

PO q8–12 increases urethral resistance (Table 27.3). 

Table 27.3  Drugs and dosages discussed in the chapter. 

Drug

Drug action

Dosage

Side effects

Atropine

Antimuscarinic (anticholinergic)

0.2–0.5 mg/kg

Tachycardia, ventricular arrhythmias, drying 

of bronchial secretions

Diazepam

Antiepileptic, GABA enhancer

0.5–1 mg/kg IV

Sedation, weakness, ataxia, hepatic necrosis 

with oral administration

Pralidoxime chloride

Reactivates the cholinesterase enzyme 

20 mg/kg IM IV q6–8

Nausea, tachycardia, hyperventilation

damaged by OP

Methadone

Analgesia mediated by μ- opioid 

0.2–0.5 mg/kg IV q4–6

Respiratory depression, GI stasis

receptor

Fentanyl

Pure μ- receptor agonist

2–5 μg/kg/h IV CRI

Respiratory depression, bradycardia

Furosemide

Loop diuretic

1–2 mg/kg q1–8 IV

Electrolyte imbalance, ototoxicity, GI 

disturbances

Pimobendan

Positive inotropic and vasodilator

0.625–1.25 mg/cat q12 PO

Vomiting

Clopidogrel

Anticoagulant

18.75 mg/cat q24 PO

Overdose can lead to bleeding disorders

Clindamycin

Lincosamide antibiotic

15 mg/kg q12 PO

Esophagitis, vomiting, diarrhea

Prednisolone

Anti- inflammatory steroids/

0.5–1 mg/kg q12–24 PO anti- inflammatory

Vomiting, diarrhea, hyperglycemia

glucocorticoids

1–2 mg/kg q12–24 immunosuppressive

Trimethoprim/

Antibacterial/sulfonamides

10–15 mg/kg q12 PO

Anorexia, anemia, hypersalivation

sulfonamide

Neostigmine

Anticholinesterases

0.05 mg/kg IM or 0.02 mg/kg IV single dose

Nausea, vomiting, increased salivation and 

lacrimation, diarrhea

Pyridostigmine 

Anticholinesterases

0.1–0.3 mg/kg PO q8–12

Nausea, vomiting, increased salivation and 

bromide

0.01–0.03 mg/kg/h CRI

lacrimation, diarrhea

Metronidazole

Antibacterial, antiprotozoal

7–10 mg/kg IV q8–12 hours for 7–14 days

Vomiting, CNS toxicity, excessive salivation

Methocarbamol

Skeletal muscle relaxant

55–220 mg/kg/day IV, maximum daily dose 

Salivation, emesis, lethargy, ataxia

330 mg/kg/day

Prazosin

α1- adrenergic blocker, decreases 

0.25–0.5 mg q12–24 (cat)

Hypotension, salivation, sedation

urethral resistance

Bethanechol

Cholinergic, increases detrusor 

1.25–5 mg PO q12 (cat)

GI hypermotility, 

contractility

bronchoconstriction

Phenylpropanolamine

Nonspecific α- adrenergic blocker, 

1.5 mg/kg PO q8–12

Hypertension, urine retention

increases urethral resistance
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Hematologic Emergencies: Bleeding

 Anthony L. Gonzalez, Sarah M. Gradilla, and Susan G. Hackner

UNIQUE FEATURES



● Primary thrombocytopenia is uncommon in cats. A majority of cats with thrombocytopenia have an underlying disease. Most common are viral (Feline leukemia virus [FeLV] and feline infectious peritonitis [FIP]), neoplasia, and hepatobiliary disease. 



● Disseminated intravascular coagulation (DIC) in cats is characterized by microvascular thrombosis. Overt hemorrhage is unusual. 

When it occurs, it is a late- stage event, always preceded by thrombosis. 

A) General

c)  The  patient  with  a  bleeding  disorder  may 

a)  Bleeding disorders may be due to disorders of pri-

demonstrate:

mary or secondary hemostasis, or fibrinolysis. 

i)  Abnormal hemostatic testing, in the absence of 

i)  Primary hemostatic disorders result from either 

any evidence of bleeding. 

thrombocytopenia, platelet dysfunction (throm-

ii)  Bleeding  that  is  evident  to  the  owner  (e.g., 

bopathia), or, rarely, from vasculopathies. 

epistaxis, petechiae, ecchymosis, etc.). 

ii)  Secondary  hemostatic  disorders  (coagulopa-

iii)  Apparently unrelated symptoms due to bleeding 

thies) result from low concentration or activity 

(e.g., blindness due to hyphema, acute changes 

of coagulation factors. 

in  mentation  due  to  intracerebral  hemor-

iii)  Dysregulated fibrinolysis results from injury to 

rhage, etc.). 

the tissue or vascular wall, such as in DIC. 

iv)  Compromised  hemodynamics  and/or  organ 

b)  Spontaneous bleeding disorders are uncommon in 

function as a result of acute hemorrhage. 

cats,  but  subclinical  hemostatic  abnormalities  are 

1)  If acute, substantial blood loss has occurred, 

relatively common, particularly in cats with under-

signs of hypoperfusion predominate. 

lying  disease,  such  as  neoplasia,  viral  disease,  or 

2)  Hemorrhage into the brain, spinal cord, myo-

hepatopathy. 

cardium, or lungs can result in acute organ 

c)  A  vast  majority  of  bleeding  disorders  in  cats  are 

compromise  without  significant  anemia 

acquired. 

or shock. 

d)  Bleeding disorders should always be considered life- 

v)  Signs related to anemia from subacute or chronic 

threatening. Even the stable patient can decompen-

hemorrhage. 

sate  rapidly  due  to  massive  bleeding,  or  bleeding 

1)  If  bleeding  has  been gradual  and  there  has 

into a vital organ. 

been sufficient time for compensatory fluid 

e)  Identifying  which  component  of  hemostasis  is 

shifts, the patient may be weak and lethargic, 

affected  will  allow  the  clinician  to  determine  the 

but hemodynamically stable. Mucous mem-

best diagnostic and therapeutic approach. 

branes are pale, and a flow murmur may be 

B)  Presenting signs

evident. 

a)  Clinical signs are extremely variable and depend on 

2)  Severe  anemia  that  overwhelms  compensa-

the site, extent, and duration of hemorrhage, as well 

tory mechanisms results in an anemic crisis. 

as the presence of any underlying disorder. 

The patient may be depressed or moribund, 

b)  Clinical  status  can  range  from  stable  to  extremely 

with  pallor,  tachypnea,  tachycardia,  and 

compromised. 

bounding pulses. 
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C)  Initial stabilization and monitoring

(crystalloid  ±  colloid)  until  blood  is  available. 

a)  The  patient  in  crisis  requires  rapid  intervention, 

There is no justification to withhold fluid ther-

with  an  initial  goal  of  stabilizing  life- threatening 

apy in the anemic patient. Hypoperfusion will 

emergencies (Figure 28.1). 

only serve to exacerbate tissue hypoxia. 

b)  A primary survey is performed to determine if a life- 

iii)  Blood  transfusion,  if  anemic  crisis  or  massive 

threatening situation exists (see Chapter 1— Approach 

hemorrhage. 

to the Critically Ill Cat). Hypovolemic shock, an ane-

1)  Felines have the AB blood group system com-

mic crisis, and pulmonary or brain hemorrhage con-

prising of A, B, and AB blood types. 

stitute  life- threatening  situations  in  the  bleeding 

2)  Cats  have  alloantibodies  against  non- self 

patient. 

blood  antigens.  As  such,  blood  typing  is 

c)  A peripheral catheter to gain venous access should 

imperative prior to administering feline blood 

be immediately placed. 

due to the potential for life- threatening trans-

d)  Blood is collected from the catheter immediately fol-

fusion  reactions  if  type- specific  blood  is  not 

lowing placement for a minimum database, includ-

administered. This is particularly true in type 

ing a packed cell volume (PCV) and total solids (TS). 

B cats. Several rapid bedside tests are available. 

e)  Additional blood samples should be collected prior to 

3)  Crossmatching  (via  standard- tube  or  gel- 

initiating therapy, to avoid treatment- induced changes 

column  agglutination  method)  is  recom-

in laboratory parameters. These should include:

mended in all cases regardless of history of 

i)  Blood smear. 

prior  transfusions.  A  newly  identified   Mik 

ii)  Serum sample. 

red blood cell antigen, distinct from the AB 

iii)  EDTA- plasma sample. 

blood  group  system,  is  capable  of  causing 

iv)  Citrated- plasma sample(s) (preferably two). 

hemolytic  transfusion  reactions  in   Mik- 

f)  Initial  therapy  is  aimed  at  stabilizing  the  patient 

negative  cats  due  to  naturally  occurring 

while diagnostic testing continues. It includes:

alloantibodies.  This  antigen  is  not  detected 

i)  Control of hemorrhage, where possible. 

on  conventional  bedside  blood  typing  tests. 

ii)  Maintaining  organ  perfusion.  In  hemorrhagic 

 Mik antigen, or other non- AB antigen types, 

shock, hypoperfusion constitutes the most life- 

should  be  considered  when  repeated  cross-

threatening problem. Initial therapy is aimed at 

match tests between AB compatible cats fail. 

maintaining  intravascular  volume  and  tissue 

4)  In general, 15 ml/kg of packed red blood cells 

oxygen  delivery  via  aggressive  fluid  therapy 

(RBCs) raises PCV by 10%. 

1. Primary survey 

2. Establish vascular access 

3. Collect pretreatment blood samples: 

-

minimum database (MDB) 

-

blood smear 

-

EDTA plasma (for later CBC, reticulocyte count, platelet count, blood typing, immune testing, PCR, etc.) 

-

serum (for later chemistry profile, serologic testing, etc.) 

-

citrated plasma (for later coagulation testing)  

4. Initiate therapy to stabilize the patient: 

-

support of airway and/or breathing, if indicated 

-

control of hemorrhage, if present 

-

fluid therapy, as needed to maintain adequate perfusion 

-

blood transfusion, if sufficient compromise exists due to massive hemorrhage or anemic crisis 

5. Secondary survey 

-

complete history 

-

thorough physical examination 

-

MDB interpretation 

6. Formulate problem list and differentials 

7. Formulate plan and write orders for ongoing supportive care and monitoring 8. Diagnostic workup 

9. Specific therapy  

 

Figure 28.1  Approach to the emergent bleeding patient. 
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5)  While heavily controversial, xenotransfusion 

vi)  An intravenous sampling catheter can usually 

with the use of canine blood has been reported 

be safely placed in the femoral vein and used to 

as a means for short- term stabilization when 

collect all other blood samples. 

compatible  feline  blood  products  are  not 

vii)  The patient should be closely monitored for evi-

available.  It  should  be  noted  that  cats  have 

dence  of  ongoing  or  recurrent  hemorrhage. 

been shown to have naturally occurring anti-

This includes monitoring, at a minimum:

bodies  against  canine  erythrocyte  antigens. 

1)  Tissue  perfusion  status  via  mucous  mem-

While  severe,  acute  hemolytic  transfusion 

brane color, pulse rate, and quality. 

reactions have not been reported with single 

2)  General attitude. 

canine blood xenotransfusions, all cats receiv-

3)  Respiratory rate and effort. 

ing  a  second  transfusion  of  canine  blood 

4)  Neurologic status. 

given after 4–6 days of the initial transfusion 

5)  Temperature. 

developed a rapid, fatal anaphylactic reaction. 

6)  PCV/TS. 

Clinical  recommendations  cannot  be  pro-

7)  Blood pressure. 

vided at this time regarding xenotransfusions; 

D) Clinical assessment

however, major and minor crossmatching is 

a)  General:  the  clinical  assessment  of  the  bleeding 

recommended prior to administration. 

patient includes a history, physical examination, and 

6)  Autotransfusion  is  an  alternate  red- cell  sal-

a few selected screening laboratory tests. The infor-

vage method that can be considered for emer-

mation gained from these should answer three initial 

gency  stabilization  when  life- threatening 

questions that will narrow the list of differentials and 

hemorrhage  into  a  body  cavity  (i.e.,  perito-

guide a systematic and efficient diagnostic workup:

neum) has occurred. 

i)  Is the bleeding due to local factors, or does the 

7)  Hemoglobin- based  oxygen- carrying  solu-

patient have a generalized bleeding disorder? 

tions may also be considered for treatment of 

ii)  If  a  generalized  bleeding  disorder  does  exist, 

anemia  due  to  hemorrhage;  however,  these 

what is the nature of the defect— primary or sec-

products are limited and not currently avail-

ondary hemostasis, or fibrinolysis? 

able in the United States. 

iii)  Is the defect congenital or acquired? 

g)  Secondary  survey:  once  stabilization  is  initiated, 

b)  History

attention should be focused on the rapid establish-

i)  The  history  should  aim  to  determine  whether 

ment  of  a  diagnosis.  This  begins  with  a  thorough 

bleeding is due to local factors or to a systemic 

history  and  physical  examination.  This  allows  for 

bleeding disorder, and to try to narrow down the 

generation  of  an  initial  problem  list  and  differen-

possible etiologies. 

tials, and formulation of a diagnostic plan. 

ii)  The signalment of the patient may be informa-

h)  Ongoing  care  and  monitoring:  regarding  pending 

tive. Inherited disorders are generally apparent 

diagnosis and institution of a specific therapy, a plan 

within the first 6 months of life. Some milder 

should  be  formulated,  and  orders  written,  for  sup-

forms, however, may not be diagnosed until sur-

portive care and monitoring (see Chapter 1— Approach 

gery,  trauma,  or  a  concurrent  disease  precipi-

to the Critically Ill Cat). 

tates bleeding. 

i)  Absolute  cage  rest  should  be  prescribed  and 

iii)  Questions should ascertain:

enforced. 

1)  If there is bleeding in multiple sites that may 

ii)  Avoid  unnecessary  surgical  or  medical  proce-

indicate a systemic bleeding disorder. 

dures that could exacerbate bleeding. 

2)  If there is a history of repeated bleeding epi-

iii)  Subcutaneous  injections  should  be  avoided 

sodes that may indicate an inherited or long- 

where possible. 

standing disorder. 

iv)  Venipuncture should only be performed when 

3)  Whether bleeding occurred spontaneously or 

required for platelet enumeration. Venipuncture 

was it precipitated by injury or surgery. Some 

sites  should  be  held  off  with  manual  pressure 

disorders  (e.g.,  thrombocytopenia)  produce 

for 5 minutes. 

spontaneous bleeding, whereas milder forms 

v)  Jugular veins should never be used for venipunc-

of these diseases and other conditions (e.g., 

ture  in  the  coagulopathic  patient,  as  bleeding 

hemophilia)  more  commonly  require  some 

from this site can be difficult, if not impossible, 

form  of  trauma  or  surgery  to  make  the 

to control. 

impairment clinically apparent. 
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4)  The anatomic location of bleeding. Diseases 

Table 28.1  Clinical features helpful in differentiating primary of primary hemostasis typically have bleed-and secondary hemostatic disorders. 

ing  associated  with  cutaneous  or  mucosal 

surfaces (gingiva, nasal cavity, gastrointesti-

Disorders of primary 

Disorders of secondary 

nal tract, etc.), whereas disorders of second-

hemostasis

hemostasis

ary hemostasis typically result in hematomas 

Petechiae common

Petechiae rare

or intracavitary bleeding. 

Hematomas rare

Hematomas common

5)  The response to previous trauma or surgery. 

This  may  enable  the  clinician  to  date  the 

Bleeding often involves 

Bleeding into muscles and 

mucous membranes

joints common

onset of the disorder. A patient who has tol-

erated surgery in the past is unlikely to have 

Bleeding usually at 

Bleeding frequently 

multiple sites

localized

an inherited bleeding disorder. 

Prolonged bleeding from 

Bleeding may be delayed at 

6)  Previous or current illnesses. Some systemic 

cuts or venipuncture

onset, or stop and start again

diseases (e.g., renal or hepatic disease) can 

compromise  hemostasis  and  precipitate 

clinical  bleeding,  particularly  in  a  patient 



●

Defects  of  secondary  hemostasis  are 

with  an  already  compromised  hemostatic 

usually characterized by single or mul-

mechanism. 

tiple hematomas and bleeding into sub-

7)  Past  and  present  medications.  Numerous 

cutaneous tissue, body cavities, muscles, 

drugs have been associated with thrombocy-

or joints. 

topenia (e.g., methimazole), thrombopathias, 



●

Some acquired disorders, such as DIC, 

and coagulopathies (e.g., phenobarbital). 

defy this classification because multiple 

8)  Home  environment  and  exposure  to  other 

hemostatic defects are present. 

cats to elucidate the potential of infectious 

2)  Evidence  of  any  systemic  disease  that  may 

disease. 

impair hemostasis. These include neoplasia, 

9)  Environmental,  travel,  and  behavioral  his-

viral disease, renal disease, and hepatopathy. 

tory to determine potential exposure to tox-

3)  Evidence of immune- mediated disease (e.g., 

ins, trauma, or insect vectors. 

cutaneous  or  mucocutaneous  lesions, 

10)  Medical history of family members, where 

arthropathy, chorioretinitis, etc.). 

available. 

d)  Screening laboratory tests (Table 28.2)

11)  If previous blood products have ever been 

i)  The screening laboratory tests globally evaluate 

administered. 

aspects  of  primary  and  secondary  hemostasis, 

c)  Physical examination

and fibrinolysis. 

i)  A thorough physical examination should focus 

ii)  These tests need to be performed carefully and 

particular attention on the following:

interpreted in the light of clinical findings, with 

1)  The  distribution  and  extent  of  current 

their limitations in mind. 

hemorrhage. 

iii)  The usual screening panel includes platelet enu-



– This  requires  careful  examination  of  all 

meration, prothrombin time (PT), activated par-

body systems, including the skin, mucous 

tial  thromboplastin  time  (aPTT),  and  fibrin 

membranes, eyes, and joints, as well as the 

degradation  products  (FDPs)  or  D- dimers.  In 

urine and feces. The ear pinna is a com-

the  emergency  setting,  platelet  enumeration, 

mon site of petechiation in the cat. 

PT,  and  aPTT  (or  an  activated  clotting  time, 



– The presence of hemorrhage in more than 

ACT)  are  generally  sufficient  to  allow  charac-

one site suggests a bleeding disorder. 

terization and to guide further testing. 



– The  nature  of  the  hemorrhage  helps  to 

iv)  Viscoelastic  testing  (thromboelastography 

characterize the defect (Table 28.1). 

[TEG]  and  rotational  thromboelastometry 



●

Defects of primary hemostasis are char-

[ROTEM]) provides a global assessment of the 

acterized  by  petechiation  or  ecchymo-

entire  coagulation  process,  from  rate  and 

sis,  as  well  as  spontaneous  bleeding 

strength of fibrin clot formation to clot lysis. 

from  mucosal  surfaces,  including 

These  coagulation  assays  have  the  ability  to 

epistaxis,  gingival  bleeding,  hyphema, 

detect  hypocoagulable,  hypercoagulable,  and 

hematuria, and melena. 

hyperfibrinolytic states. 

 Feline Emergency and Critical Care Medicine 305

Table 28.2  Screening laboratory tests of hemostasis. 

Screening test

Component(s) evaluated

Reference values

Primary hemostasis

Platelet enumeration

Platelet numbers

200–600 × 103/μl

Platelet estimation a

Platelet numbers

11–25/hpf

BMBT a

Platelet numbers and function, vascular 

1.4–3.2 minutes

integrity

Secondary hemostasis

Activated clotting time (ACT) a

Intrinsic and common pathways: factors XII, 

50–75 seconds

XI, IX, VIII, X, V, and II, and fibrinogen

Prothrombin time (PT) b

Extrinsic and common pathways: factors III, 

9–12 seconds c

VII, X, V, and II, and fibrinogen

Activated partial thromboplastin time 

As with ACT, but more sensitive

15–19 seconds c

(aPTT) b

Fibrinolysis

Fibrin degradation products (FDPs) b

Products of fibrinolysis

<10 μg/ml

D- dimers b

Products of fibrinolysis, specific for lysis of 

<250 mg/dl

cross- linked fibrin

Global assessment of coagulation

Viscoelastic assays (TEG®, ROTEM®) b

Reaction time (R)/clot time (CT) – time to clot 

Normal values not 

formation

established for cats. 

Alpha angle and kappa value (k)/clot 

Data not directly comparable 

formation time (CFT) – rate of clot formation

between instruments c

Maximum amplitude (MA)/maximum clot 

firmness (MCF) – maximum clot strength

LY30 and LY60 – clot lysis at 30 and 60 minutes

 a In- house test. 

 b In- house testing option(s) available. 

 c Reference values are laboratory- and technique- dependent. Normal values for patient- side coagulometers are provided by the manufacturer. 

v)  General principles

repeated  within  30 minutes.  Venipuncture  of 

1)  Blood  samples  should  be  collected  prior  to 

the  jugular  veins  should  be  avoided  in  the 

the initiation of any therapy. 

patient with a bleeding tendency, as bleeding 

2)  Improper  technique  or  handling  leads  to 

from  this  site  can  be  extremely  difficult  to 

false results. 

control. 

3)  For  platelet  enumeration,  EDTA  blood  is 

5)  An intravenous catheter can also be utilized 

required. Most of the other hemostatic tests 

for blood collection. 

are  performed  on  citrated  blood  or  plasma. 

6)  Collected blood should be rapidly and thor-

Citrated  tubes  contain  sufficient  volume  of 

oughly  mixed  with  the  anticoagulant  via 

citrate solution such that the ratio of citrate 

careful inversion and rotation. 

to blood is 1:9. Should there be deviations in 

vi)  Tests of primary hemostasis

this ratio, false test results are obtained. This 

1)  Platelet enumeration (platelet count)

ratio,  however,  is  valid  for  animals  with  a 

–  The  platelet  count  detects  quantitative 

physiologic hematocrit. It can be adjusted via 

platelet disorders. A count should be per-

controlled  underfilling  for  patients  with  a 

formed  in  all  patients  with  a  suspected 

markedly decreased hematocrit. 

bleeding disorder. 

4)  Blood collection should be performed without, 

–  Feline  platelets  tend  to  clump  rapidly, 

or  after  brief  (<30 seconds),  venous  conges-

placing high demand on rapid and atrau-

tion. Puncture should be quick and atraumatic. 

matic sampling. Even with excellent tech-

Puncture  of  the  same  vein  should  not  be 

nique,  clumping  can  occur.  Decreased 

[image: Image 95]
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automated  counts,  therefore,  should 

the  lip  must  be  held  manually.  A  two- 

always  be  verified  via  blood  smear 

blade,  spring- loaded  device  is  used  to 

examination. 

make  two  1- mm- deep  incisions  in  the 

–  In  cats,  there  is  considerable  overlap 

mucosa  of  the  upper  lip.  The  incisions 

between erythrocyte and platelet volumes, 

should be made at a site devoid of visible 

resulting  in  erroneous  results  from  auto-

vessels  and  inclined  so  that  the  blood 

mated  cell  counters.  Feline  platelets 

flows  toward  the  mouth.  Shed  blood  is 

should therefore be enumerated manually 

carefully blotted with filter paper, taking 

via use of a hemocytometer. 

extreme care not to disturb the incisions. 

2)  Platelet estimation (via blood smear)

The  BMBT  is  the  time  from  incision  to 

–  Blood smear examination allows for rapid 

cessation of bleeding (Figure 28.2). 

estimation of platelet numbers. 

–  Normal  BMBT  in  the  cat  is  less  than 

–  This is essential in the emergency setting 

3.2 minutes. 

where  manual  enumeration  is  often  not 

vii)  Tests of secondary hemostasis

feasible  and  automated  counts  are  fre-

1)  Activated clotting time

quently inaccurate. 

–  The ACT is a simple in- hospital screening 

–  Accurate assessment is highly dependent 

test for the evaluation of the intrinsic and 

on the quality of the smear and systematic, 

common coagulation pathways. 

careful evaluation. 

–  Several testing methods are available and 

–  Feline platelets clump readily. It is there-

“normal”  clotting  times  are  dependent 

fore  extremely  important  to  assess  the 

upon the tube and clot activators utilized. 

feathered  edge  of  the  smear  for  platelet 

–  The  ACT  test  is  relatively  insensitive.  A 

clumps. If large clumps are present, plate-

single coagulation factor must decrease to 

let numbers are likely adequate and counts 

less than 10% of normal before prolonga-

from this sample will be erroneously low. 

tion occurs. More sensitive testing (aPTT) 

–  The  monolayer  is  evaluated  in  a  well- 

is necessary if any prolongation is detected. 

distributed smear without platelet clumps. 

–  ACT prolongation may be due to:

Approximately  11–25  platelets  per  oil 



●

Severe  anomaly/anomalies  of  the 

immersion  or  high- power  field  (100×)  is 

intrinsic  and/or  common  coagulation 

considered  normal.  In  such  a  field,  each 

pathways. 

platelet  represents  a  count  of  approxi-



●

Severe  thrombocytopenia  (<10 000 

mately 15 000/μl. 

platelets/μl). 

–  Large  platelets  (macroplatelets  or  “shift” 



●

Some thrombopathias. 

platelets)  generally  indicate  megakaryo-



●

Hypofibrinogenemia. 

cytic  hyperplasia  and  a  regenerative 

2)  Activated partial thromboplastin time

response, but may also be seen with viral 

diseases and myelodysplastic syndromes. 

3)  Buccal mucosal bleeding time (BMBT)

–  The BMBT reflects  In Vivo primary hemo-

stasis. It is prolonged with thrombocytope-

nia, thrombopathia, or vascular anomalies. 

–  It is indicated in patients with a suspected 

primary hemostatic defect when the plate-

let count is adequate. The test is unneces-

sary in the thrombocytopenic patient. 

–  Cats  usually  require  light  sedation.  The 

patient  is  restrained  in  lateral  recum-

bency. A strip of gauze is tied around the 

maxilla  to  fold  up  the  upper  lip  tightly 

enough  to  cause  moderate  mucosal 

Figure 28.2  Performance of a buccal mucosal bleeding test. 

engorgement.  In  cats,  there  may  not  be 

A spring- loaded device is used to make two 1- mm incisions in 

sufficient space to accommodate this, and 

the upper lip. 
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–  The aPTT tests the intrinsic and common 

–  The PT is the principal test of the extrinsic 

pathways  (Figure  28.3).  Only  factors  VII 

pathway  and  also  evaluates  the  common 

and XIII are not evaluated. 

pathway (Figure 28.3). 

–  This  test  is  more  sensitive  than  the  ACT 

–  Because of the short half- life of factor VII 

and is not affected by primary hemostatic 

(approximately 7 hours), prolongations in 

disorders. 

PT  can  be  seen  before  development  of 

–  In  general,  at  least  one  factor  must  be 

aPTT prolongations in certain conditions. 

decreased to below 25–30% of normal con-

–  The PT is very sensitive to vitamin K defi-

centration before prolongation occurs. 

ciency or antagonism. It is less sensitive to 

● 

Non- anticoagulated  blood  or  citrated 

heparin  than  is  the  aPTT.  Using  citrated 

whole blood can be used; however, the 

whole blood, reported sensitivity and spec-

latter is preferred with respect to sensi-

ificity  in  dogs  are  approximately  86  and 

tivity  and  specificity  (100%  and  83% 

96%, respectively. 

reported in dogs, respectively). 

–  While  bedside  testing  options  are  availa-

● 

As such, it is an excellent screening test 

ble, results that do not correlate with clini-

for defects of the intrinsic and common 

cal  findings  should  be  verified  via 

pathways.  False  positives,  however, 

conventional laboratory testing. 

do occur. 

4)  Thrombin time (TT)

● 

Marked prolongations are usually clini-

–  Acts as a surrogate for the measurement of 

cally  significant;  mild  prolongations 

functional fibrinogen. 

should be interpreted with caution. 

–  Measures  the  time  for  the  conversion  of 

● 

While bedside testing options are avail-

fibrinogen  to  fibrin  (the  common  path-

able, results that do not correlate with 

way)  and  bypasses  all  other  steps 

clinical  findings  should  be  verified  via 

(Figure 28.3). 

conventional laboratory testing. 

–  The  TT  may  be  prolonged  due  to 

3)  Prothrombin time

hypofibrinogenemia 

(<100 mg/dl), 

EXTRINSIC

INTRINSIC

PATHWAY

PATHWAY

XII         XIIa

XI           XIa

Tissue factor

IX          IXa

VIIa          VII

VIIIa

Ca++, PL

X         Xa

PT

PTT

ACT

Va

Ca++, PL

Prothrombin         Thrombin

Fibrinogen           Fibrin

TT

COMMON

PATHWAY

Figure 28.3  A simplified, schematic representation of the coagulation cascade model of secondary hemostasis and the factors evaluated by the screening laboratory tests. PT = prothrombin time; PTT = partial thromboplastin time; ACT = activated clotting time; Ca = calcium; PL = platelet phospholipid. 
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dysfibrinogenemia,  or  by  substances  that 

reported.  While  each  test  uses  different 

inhibit thrombin (heparin, FDPs, etc.). 

nomenclature  for  each  parameter,  they 

viii)  Test of fibrinolysis

represent distinct stages in clot formation 

1)  FDPs  (also  known  as  fibrin  split  prod-

including time to onset of initial clot for-

ucts, FSPs)

mation,  rate  of  clot  formation,  measure-

–  FDPs are generated via the breakdown of 

ment  of  clot  strength,  and  fibrinolysis  at 

fibrin by plasmin during fibrinolysis. 

specific time points. 

–  Elevated  FDPs  commonly  occur  in  DIC, 

–  The parameters measured can be impacted 

but  are  not  universally  present,  nor  spe-

by platelet count, red blood cell concentra-

cific, for the syndrome. Increased concen-

tion, fibrinogen levels, activators, and time 

trations can also occur in hepatic disease 

to analysis. 

(due to enhanced fibrinolysis and reduced 

–  Tracing  of  clot  kinetics  can  be  used  to 

clearance). False elevations may occur in 

identify states of hypercoagulability, hypo-

patients on heparin therapy, or those with 

coagulability, and hyperfibrinolysis. 

dysfibrinogenemia. 

–  In addition to their diagnostic utility, these 

2)  D- dimers

assays have shown use therapeutically as a 

–  D- dimers are unique FDPs that are formed 

guide  for  blood  product  administration 

when cross- linked fibrin is lysed by plas-

during transfusions in patients of various 

min and are specific for active coagulation 

clinical scenarios. 

and fibrinolysis. 

–  While reference intervals have been deter-

–  The half- life of D- dimers is short (5 hours). 

mined for healthy dogs, definitive ranges 

As such, they are only useful for detection 

have yet to be established for cats. 

of  recent  or  ongoing  thrombosis  and 

E)  Diagnostic approach

fibrinolysis. 

a)  Bleeding disorders are classified as disorders of pri-

–  The presence of D- dimers is neither spe-

mary  or  secondary  hemostasis,  or  fibrinolysis 

cific  nor  sensitive  for  diagnosing  DIC  in 

(Figures  28.4  and  28.5).  This  classification  is  an 

sick  cats.  Elevated  concentrations  can  be 

essential  early  step  in  the  diagnostic  workup. 

found in cats with DIC, but have also been 

Distinction  is  generally  possible  from  the  history 

documented in cats with hepatobiliary dis-

and physical examination. 

ease, trauma, neoplasia, hypertrophic car-

b)  If  a  disorder  of  primary  hemostasis  is  suspected 

diomyopathy,  FIP,  septic  peritonitis, 

(Figure 28.6):

pyothorax,  and  inflammatory  conditions 

i)  Platelet  enumeration/estimation  is  the  first 

such as pancreatitis. All of these were not 

step. It is extremely important that sampling is 

classified as being in concurrent DIC. 

performed correctly and that a smear is evalu-

–  D- dimers  should  be  considered  an  ancil-

ated to assess for platelet clumping, thus avoid-

lary diagnostic test, with the diagnosis of 

ing  erroneous  interpretation  (see  in  the 

DIC relying on the appropriate constella-

earlier text). 

tion  of  clinical  findings  and  abnormal 

ii)  If the platelet count is sufficiently low to explain 

results of hemostatic testing. 

spontaneous  bleeding  (<40 000/μl),  then  a 

ix)  Test of global hemostatic function

workup for thrombocytopenia should follow (see 

1)  Viscoelastic coagulation assays

the  point  “Thrombocytopenia”  under  “Specific 

–  TEG and ROTEM are point- of- care whole 

conditions” in the following text). 

blood  tests  that  measure  and  display  the 

iii)  If the platelet count does not explain bleeding, 

kinetics of thrombus development (rate of 

assess tests for secondary hemostasis. 

clot  formation,  strength  of  clot  formed, 

1)  If the platelet count is normal and PT and/or 

and subsequent lysis). 

PTT (or ACT) is prolonged, then a disorder of 

–  These assays measure the entire dynamic 

secondary hemostasis should be suspected. 

hemostatic pathway and are not limited to 

2)  If the platelet count is mildly or moderately 

isolated portions as in traditional coagula-

decreased and PT and/or PTT is prolonged, 

tion testing. 

then there is either a combined defect or a 

–  A  characteristic  tracing  is  created  with 

“consumptive  thrombocytopenia”  due  to 

various  parameters  measured  and 

bleeding from a coagulopathy. 
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Thrombocytopenia 

Decreased production (megakaryocytic hypoplasia): 

Pure megakaryocytic hypoplasia 

Immune-mediated megakaryocytic hypoplasia 

Vaccination (panleukopenia virus) 

Infectious (FeLV, FIV) 

Panhypoplasia

Aplastic pancytopenia 

Infectious: FeLV, FIP, FIV, chronic ehrlichiosis, parvovirus, 

endotoxemia/septicemia

Drug-associated: chemotherapeutic agents, griseofulvin, sulfadiazine, methimazole, albendazole 

Myelophthisis

Myelofibrosis

Hematopoietic neoplasia 

Dysthrombopoiesis

Myelodysplastic syndromes (MDS) 

Increased destruction: 

Immune-mediated (ITP)

Primary idiopathic 

Secondary

Drugs (methimazole, propylthiouracil, cephalosporins, penicillin, oxytetracycline, phenobarbital)

Viral (FeLV, FIP) 

Neoplasia

Rickettsial disease (ehrlichiosis, hemobartonellosis)

Bacterial infection 

Infectious

Viral: FeLV, FIV, FIP, parvovirus 

Rickettsial: Hemobartonellosis, ehrlichiosis 

Protozoal: cytauxzoonosis 

Bacterial: bacteremia, sepsis, leptospirosis, salmonellosis 

Fungal: histoplasmosis, disseminated candidiasis 

Consumption/sequestration:

Disseminated intravascular coagulation (DIC) 

Sepsis

Vasculitis

Hepatic disease 

Acute hemorrhage, large volumes 

Microangiopathy (hemangiosarcoma, splenic disease) 

Thrombopathia

Acquired:

Hepatic disease 

Myeloproliferative disorders 

Dysproteinemia (myeloma) 

Uremia

Drugs (calcium channel blockers, dextran, hetastarch, propranolol, cephalosporins, sulfonamides, aminophylline, isoproterenol) 

Inherited:  

Von Willebrand’s disease 

Type I (Himalayan) 

Type III (domestic shorthair, domestic longhair) 

Chédiak-Higashi syndrome (Persian cats) 

Vascular Disorders 

Vasculitis (FIP) 

Hyperadrenocorticism

Figure 28.4  Causes of primary hemostatic disorders in cats. 
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Acquired:

Disseminated intravascular coagulation. (DIC) 

Hepatopathy

Vitamin K deficiency/antagonism 

Anticoagulant rodenticide intoxication 

Hepatic disease, extrahepatic biliary obstruction 

Pancreatic insufficiency 

Phenobarbital

Circulating anticoagulants  

Hornet venom 

Inherited factor deficiencies: 

I: 



Hypo/dysfibrinogenemia (domestic shorthair, domestic longhair) 

VII:

Hypoproconvertinemia (domestic shorthair) 

VIII:

Hemophilia A (Abyssinian, domestic shorthair, domestic longhair, Havana brown, Himalayan, Siamese) 

IX:

Hemophilia B (British shorthair, domestic shorthair, domestic longhair, Siamese) X:

Stuart–Prower trait (domestic shorthair)

XII:

Hageman factor deficiency (domestic shorthair, domestic longhair, Siamese) Other:

Vitamin K-dependent factors (Devon rex) 

Figure 28.5  Causes of secondary hemostatic disorders in cats. 

Suspect disorder of primary hemostasis

Platelet count

Decreased (confirmed via blood smear)

Normal

PT, PTT, D-dimers

PT, PTT, D-dimers/FSPs

Abnormal

Normal

Abnormal

Normal

Consider:

Consider:

sequestration, 

decreased production, 

Pursue disorder of

Recheck platelet count

consumption, 

increased destruction, 

secondary hemostasis

BMBT

combined defect

sequestration/ consumption

Differentials:  

Evaluate for drugs or diseases

Exclude causes of  

DIC (viral, neoplasia, sepsis, etc), 

that may cause thrombopathia

sequestration/consumption

hepatic disease, splenic disease, 

hemangiosarcoma, severe acute bleeding

CBC, chemistry profile, 

None found

drug history, viral serology. 

Look for evidence of above:

PE, CBC, chemistry profile, 

Bone marrow examination

vWF assay, 

viral serology, radiographs, 

platelet function tests

ultrasound, etc. 

Decreased 

Normal/increased 

megakaryocytes

megakaryocytes

DIC

Severe

Liver/splenic

factor

disease

Dys-

Panhypoplasia

Pure 

Pursue

deficiency

Workup for 

thrombopoiesis

megakaryocytic 

infectious diseases

underlying

(myelodysplasia)

Pursue 

hypoplasia

causes

Exclude

underlying causes

negative

Vitamin K deficiency

viral disease, ehrlichiosis. 

negative

Specific

factor

Likely ITP

assays

Look for underlying disease 

and concomitant immune disease

Response to immunosuppressive therapy

Figure 28.6  Algorithmic approach to the diagnosis of disorders of primary hemostasis. PT = prothrombin time; PTT = partial thromboplastin time; FSPs = fibrin split products; DIC = disseminated intravascular coagulation; BMBT = buccal mucosal bleeding time; ITP = immune- mediated thrombocytopenia; vWf = von Willebrand factor. 
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3)  If  platelet  counts  and  tests  for  secondary 

XII, XI, IX, and VIII). This is seen with DIC, 

hemostasis are normal, a BMBT should be per-

heparin  therapy,  synthetic  hepatic  failure 

formed to assess for a possible thrombopathia. 

(less commonly), an inherited coagulopathy, 

c)  If a disorder of secondary hemostasis is suspected 

or colloid fluid therapy. 

(Figure 28.7):

3)  If both PT and PTT are prolonged, there are 

i)  Review the history regarding the possibility of 

multiple disorders, or there is a disorder in 

an inherited disorder. 

the common pathway (factors X, V, and II). 

ii)  Assess PT and PTT. 

–  Evaluate  for  DIC  (clinical  evidence, 

1)  If PT is prolonged and PTT is normal, there is 

D- dimers  or  FDPs,  platelet  enumeration, 

a disorder(s) in the extrinsic pathway (factor 

etc.). If findings are compatible, search for 

VII). This could be caused by early anticoag-

underlying disorder (neoplasia, viral, etc.). 

ulant  rodenticide  toxicity,  warfarin  therapy, 

–  Evaluate for hepatopathy. 

an  inherited  factor  VII  deficiency,  DIC,  or 

–  Consider anticoagulant rodenticide intoxi-

occasionally with early synthetic hepatic fail-

cation  or  other  cause  of  vitamin  K 

ure or biliary obstruction. 

deficiency. 

2)  If PTT is prolonged and PT is normal, there is 

–  Consider a circulating anticoagulant. If no 

a disorder(s) in the intrinsic pathway (factors 

compatible  drug  history,  verify  the 

Suspect disorder of secondary hemostasis

PT, PTT (or ACT), D-dimers (or FSPs)

PT prolonged

PT normal

PT and PTT (or ACT) 

PT and PTT normal

PTT (or ACT) normal

PTT (or ACT) prolonged

prolonged

ACT prolonged

EXTRINSIC PATHWAY

INTRINSIC PATHWAY

COMMON PATHWAY

Differentials:

DEFECT

DEFECT

or MULTIPLE DEFECTS

severe thrombocytopenia, 

thrombopathia, 

hypofibrinogenemia

Differentials: 

Differentials:

D-dimers (or FSPs)

early rodenticide toxicity, 

hepatic failure, 

early hepatic failure, warfarin therapy, 

DIC, 

Normal

Increased

hereditary disorder (fVII)

anticoagulant therapy, 

hereditary defect (XI, IX, VIII, XII)

Differentials:

Vitamin K deficiency, 

Differentials:

Evidence of hepatic failure? 

DIC, 

DIC, 

Evidence of DIC 

hepatic failure, 

hepatic failure

or hepatic failure? 

circulating anticoagulant, 

Yes

No

hereditary defect

Evidence of hepatic failure? 

Possibility of  

Yes

No

rodenticide toxicity? 

Evidence of hepatic disease? 

Specific factor assays

Yes

No

Yes

No

Yes

No

Pursue DIC. 

Evidence of DIC? 

Search for neoplasia, 

Consider PIVKA/toxin testing. Specific factor assays

Search for neoplasia, 

viral disease, etc. 

viral disease, etc. 

Possibility of  

rodenticide toxicity? 

Yes

No

Consider PIVKA/toxin testing. 

Test for circulating anticoagulants. 

Specific factor assays

Figure 28.7  Algorithmic approach to the diagnosis of disorders of secondary hemostasis. PT = prothrombin time; PTT = partial thromboplastin time; FSPs = fibrin split products; ACT = activated clotting time; DIC = disseminated intravascular coagulation; PIVKA = test for proteins induced by vitamin K absence or antagonism. 
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presence  of  an  anticoagulant  by  mixing 

2)  The degree of thrombocytopenia can at times 

patient plasma and normal plasma at ratio 

be helpful in distinguishing between mecha-

of 1:1 and repeating the tests. The absence 

nisms.  Thrombocytopenia  tends  to  be  mild 

of an anticoagulant will result in normali-

with  sequestration,  mild  to  moderate  with 

zation of testing. 

consumption, and moderate to marked with 

–  If  abovementioned  tests  are  negative,  or 

destruction or decreased production. 

deemed  extremely  unlikely,  consider  an 

3)  Most  thrombocytopenic  patients  do  not 

inherited disorder and submit samples for 

bleed overtly. Rather, they are presented for 

specific factor assays. 

lethargy, weakness, or clinical signs related 



●

Comparative  Coagulation  Laboratory. 

to the underlying disease. Thrombocytopenia 

Animal  Health  Diagnostic  Center. 

is  often  first  identified  on  baseline 

College of Veterinary Medicine, Cornell 

blood work. 

University. 

4)  Spontaneous  bleeding  generally  does  not 

iii)  If only ACT testing is available:

occur until platelet counts are below approxi-

1)  If ACT is prolonged:

mately  40 000/μl,  unless  another  concomi-

–  Consider DIC, hepatic failure, vitamin K 

tant bleeding disorder exists. Many patients 

deficiency/antagonism, circulating antico-

will tolerate lower counts without evidence 

agulant,  or  an  inherited  coagulopathy. 

of hemorrhage. 

Consider the possibility of erroneous pro-

5)  Complete blood count (CBC) may show evi-

longation due to severe thrombocytopenia 

dence  of  other  cytopenias  (nonregenerative 

or thrombopathia. 

anemia, leukopenia, etc.). This suggests mar-

–  Evaluate  a  blood  smear  for  platelet 

row hypoplasia and is an absolute indication 

estimation. 

for bone marrow examination. 

–  Evaluate hepatic values. 

6)  Primary idiopathic thrombocytopenia is rela-

–  Submit samples for PT, aPTT, or D- dimers 

tively  uncommon  in  cats  (estimated  at  less 

(or FDP) testing, prior to any therapy. Save 

than 2%). A majority of cats with thrombocy-

additional plasma. 

topenia have underlying disease. Most com-

2)  If ACT is normal:

mon include infectious causes and neoplasia. 

–  Consider  the  possibility  of  a  primary 

It is imperative, therefore, that a finding of 

hemostatic disorder. Evaluate blood smear 

thrombocytopenia  prompts  a  thorough 

for platelet estimation. 

workup for underlying disorder(s). 

–  Consider the insensitivity of the ACT, and 

7)  In  addition  to  infectious  causes,  a  patient’s 

the possibility of a subtle disorder. Submit 

history should be carefully appraised for any 

samples  for  PT,  aPTT,  or  D- dimers  (or 

drug(s) that may be associated with thrombo-

FDP)  testing,  prior  to  any  therapy.  Save 

cytopenia (Figure 28.4). 

additional plasma. 

8)  Assays  evaluating  secondary  hemostasis 

d)  If a disorder of fibrinolysis is suspected:

should be evaluated in all thrombocytopenic 

i)  A viscoelastic assay is best utilized. A hyperfi-

patients,  to  evaluate  for  DIC  or  other  com-

brinolytic disorder is going to result in an eleva-

bined defects. 

tion of LY30 measurement with a flatter tracing 

9)  If the cause of thrombocytopenia is not obvi-

that is shorter in length. 

ous, bone marrow examination is indicated 

ii)  D- dimers or FDPs, when evaluated in light of the 

to evaluate platelet production. This is espe-

patient’s  clinical  status,  can  potentially  be  uti-

cially important in feline patients, as primary 

lized to increase suspicion of a fibrinolytic disor-

thrombocytopenia  is  uncommon  compared 

der, but should not be considered diagnostic. 

to intramarrow disorders. 

F)  Specific conditions

–  Both  a  bone  marrow  aspirate  and  a  core 

a)  Thrombocytopenia

biopsy should be collected. 

i)  General



●

Bone  marrow  aspirate  cytology  allows 

1)  Thrombocytopenia  can  be  due  to  decreased 

rapid  interpretation  of  megakaryocyte 

platelet production, destruction, consumption, 

numbers  and  evaluation  of  cellular 

or sequestration (Figure 28.4). Many times the 

morphology. At least three good quality 

underlying cause can be multifactorial. 

smears must be evaluated. 
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● 

Histopathology (via core biopsy) allows 

–  The  reader  is  referred  to  other  resources 

more accurate evaluation of cellularity, 

for specific management of bone marrow 

proportions, maturation sequences, and 

and infectious diseases. 

other marrow components. 

iii)  Hemorrhage

● 

As  11%  of  thrombocytopenic  cats  are 

1)  Thrombocytopenia  can  be  seen  with  acute 

FeLV- positive,  bone  marrow  aspirate 

massive hemorrhage in patients with trauma 

samples should be tested for FeLV (via 

or anticoagulant rodenticide toxicosis. 

immunofluorescence  [IFA])  when 

2)  As a general rule, most cases of severe throm-

blood serology is negative. 

bocytopenia tend to cause hemorrhage rather 

–  Samples can be collected from the proxi-

than  be  the  result  of  hemorrhage.  Animals 

mal humerus, iliac crest, or femur. Where 

have been shown to lose up to 40% of blood 

thrombocytopenia  is  severe,  it  may  be 

volume with no change in platelet count. 

prudent to select a site with less cover-

iv)  Consumption or sequestration

ing  muscle  mass  (e.g.,  the  proximal 

1)  Excessive  platelet  use  in  clotting  has  been 

humerus). 

demonstrated  in  DIC  and  sepsis.  These 

–  A  current  blood  smear  and  CBC  results 

patients can also demonstrate sequestration 

should accompany the submission of bone 

of  platelets  in  organs  such  as  spleen,  liver, 

marrow samples. 

and lung. 

–  Thrombocytopenia  is  not  a  contraindica-

2)  Physiologic  hemostasis  usually  won’t  cause 

tion to bone marrow sampling. In fact, it is 

thrombocytopenia.  However,  massive  acute 

frequently the only means of establishing 

hemorrhage can demonstrate mild to moder-

a diagnosis and prognosis. If the patient is 

ate thrombocytopenia. These cases will have 

actively  bleeding,  blood  transfusion  may 

a component of loss in addition to consump-

be administered prior to sampling (CBC, 

tion from clot formation. 

however, should be collected beforehand). 

3)  Causes  (Figure  28.4)  can  usually  be  identi-

ii)  Megakaryocytic hypoplasia

fied  or  excluded  based  on  clinical  findings. 

1)  Decreased  platelet  production  can  result 

Bone marrow examination is seldom neces-

from the following:

sary. When performed, megakaryocyte num-

–  Conditions  that  affect  only  the  platelet 

bers are normal or increased. 

precursors  (e.g.,  pure  megakaryocytic 

4)  Treatment  is  directed  at  the  underlying 

hypoplasia). 

cause.  If  this  is  reversed,  platelet  numbers 

–  Conditions  that  can  affect  multiple  mar-

normalize within days. 

row progenitor cells (e.g., panhypoplasia). 

v)  Immune- mediated thrombocytopenia (ITP)

–  Dysthrombopoiesis, where platelet matu-

1)  Primary ITP is uncommon in the cat. ITP is 

ration is abnormal (Figure 28.4). 

usually secondary to viral disease, drugs, or 

2)  Suspicion  or  confirmation  of  hypoplasia 

neoplasia (especially lymphoid; Figure 28.4). 

should prompt revision of the drug and vac-

It  is  rarely  associated  with  other  systemic 

cination  history,  and  testing  for  infectious 

immune- mediated  diseases  (e.g.,  systemic 

diseases. 

lupus erythematosus). 

3)  Intramarrow conditions (aplastic pancytope-

2)  Diagnosis is difficult and is based largely on 

nia,  myelodysplastic  syndromes,  myeloph-

exclusion of other causes of thrombocytope-

thisis,  myelofibrosis,  and  hematopoietic 

nia.  A  clue  to  possible  ITP  is  a  profound 

neoplasia)  are  diagnosed  via  marrow 

thrombocytopenia  (<20 000/μl)  in  the 

histopathology. 

absence of other cytopenias. 

4)  Immune- mediated  megakaryocytic  hypo-

3)  Bone marrow examination usually reveals a 

plasia  can  present  a  diagnostic  dilemma, 

profound megakaryocytosis; less commonly, 

which  is  usually  resolved  by  exclusion  of 

megakaryocyte  numbers  are  within  normal 

other causes of hypoplasia, and evaluation of 

limits.  Immune- mediated  megakaryocytic 

the response to immunosuppressive therapy 

hypoplasia also occurs (see in the earlier text). 

(see in the following text). 

4)  The drug history should be carefully reviewed 

5)  Treatment

(Figure  28.4).  Drug- induced  ITP  usually 

–  General principles apply. 

occurs at least 7–10 days following initiation 
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of  the  drug,  or  at  least  3 days  after  its 

immunosuppressive agent added to the 

reintroduction (second exposure). 

therapeutic regimen. 

5)  Suspicion of ITP should prompt a thorough 



●

Cyclosporine  is  the  drug  of  choice  for 

search for underlying disease. In addition to 

adjunctive 

immunosuppression. 

a CBC, serum biochemical analysis, and uri-

Monitoring of levels is generally recom-

nalysis,  diagnostic  testing  should  include 

mended only where response is inade-

thoracic  radiology,  abdominal  ultrasonogra-

quate, or where adverse responses occur. 

phy, and testing for viral and other infectious 



●

Responses  have  also  been  reported  to 

diseases. 

vincristine  therapy  (0.02 mg/kg  strict 

6)  Treatment (Table 28.3)

IV, once). 

–  The goals of therapy are to arrest bleeding, 



●

Experience  with  mycophenolate  and 

to replace losses as needed, to halt ongoing 

intravenous immunoglobulins in cats is 

platelet destruction, and to treat the under-

extremely limited. As such, it is impos-

lying disorder. 

sible to give evidence- based recommen-

–  Blood losses can be replaced via the trans-

dations for their use. 

fusion of whole blood or packed RBCs and 



●

Azathioprine should not be used in cats 

plasma.  Provision  of  platelets,  however, 

due to the lack of metabolizing enzyme 

can only be achieved via fresh whole blood 

in this species and the resultant high inci-

or  platelet  transfusion.  This  is  indicated 

dence of severe myelosuppression. 

with severe, active hemorrhage. 

vi)  Infectious thrombocytopenia

–  Treatment  of  the  underlying  disorder 

1)  Infectious diseases that can cause thrombo-

is  essential  for  a  sustained  beneficial 

cytopenia are listed in Figure 28.4. 

response.  Where  drug- induced  thrombo-

2)  The  mechanisms  by  which  these  diseases 

cytopenia  is  suspected,  all  drugs  the 

result in thrombocytopenia are often multi-

patient  is  receiving  should  be 

factorial and incompletely understood. They 

discontinued. 

include  DIC,  vasculitis,  splenic  platelet 

–  Immunosuppressive therapy

sequestration,  decreased  thrombopoiesis, 



●

Immunosuppressive therapy should be 

and/or immune- mediated. 

initiated  with  prednisolone  at  1–2 mg/

3)  The history and clinical signs may be sugges-

kg  PO  q12h.  If  parenteral  therapy  is 

tive of an infectious etiology. Geographic loca-

preferable,  dexamethasone  SP  can  be 

tion and travel history can also be informative. 

substituted,  at  0.1–0.25 mg/kg  SC  or 

4)  Depending on the etiologic agent, definitive 

IV q12h. 

diagnosis may depend on organism identifi-



●

Response  to  glucocorticoid  therapy  is 

cation  or  culture,  serologic  testing,  or  PCR 

generally seen in 2–7 days. 

amplification of DNA. 



●

Patients  should  be  hospitalized  until 

5)  Specific diagnostic testing, and treatment, is 

platelet counts are above 50 000/μl and 

addressed elsewhere. 

bleeding has ceased. Thereafter, platelet 

b)  Thrombopathia

counts  should  be  regularly  monitored. 

i)  Vascular  disorders  are  a  relatively  uncommon 

When these are within reference range, 

cause of bleeding in the cat. In the patient with 

prednisolone  dose  is  decreased  by 

a  primary  hemostatic  disorder  and  normal 

approximately  25%.  The  dose  is  then 

platelet  numbers,  a  platelet  function  defect  is 

decreased  gradually  (every  4  weeks) 

likely. A prolonged BMBT in such a patient con-

over 3–6 months, with close monitoring 

firms thrombopathia. 

of platelet counts. 

ii)  Diseases known to precipitate platelet dysfunc-



●

Relapses  of  thrombocytopenia  with 

tion  should  be  excluded  and  the  drug  history 

decreases of the prednisolone dose are 

appraised (Figure 28.4). If no obvious cause of 

unpredictable  and  not  uncommon.  If 

acquired thrombopathia can be found, a heredi-

relapse  occurs,  the  dose  should  be 

tary disorder is suspected. 

increased  temporarily  (until  counts 

iii)  Von  Willebrand  disease  (vWD)  is  rare  in  cats. 

rebound) 

and 

another 

Isolated  cats  with  types  I  and  III  have  been 

Table 28.3  Drug table. 

Drugs

Classes

Primary mechanism(s)

Adverse effects

Contraindications or precautions

Doses and routes

Clopidogrel

Anti platelet

Selectively and irreversibly 

Vomiting, inappetence, 

1)  Some drugs can decrease 

18.75 mg PO q24h

binds to platelet ADP receptor 

diarrhea

clopidogrel levels increasing risk 

P2Y12 reducing platelet 

of thrombosis (calcium channel 

activation and aggregation

Bleeding

blockers, ketoconazole, 

omeprazole)

2)  Some drugs can cause increased 

risk of bleeding (warfarin, SSRIs, 

NSAIDs)

Cyclosporine A

Immunosuppressant,  Inhibits early T- cell activation, 

Inappetence generally occurs 

1)  Should be administered with a 

3–4 mg/kg PO q12h

calcineurin inhibitor T- helper cells, and the 

only with high plasma levels 

meal (cats)

(doses are for Atopica)

production and release of 

(>l000 ng/ml). Nephrotoxicity 

2)  Bioavailability is variable, and 

certain cytokines 

and hepatotoxocity only reported 

different forms of the drug are not 

(interleukin- 2)

with severe overdose (plasma 

bioequivalent. Though plasma 

levels >3000 ng/ml). 

levels should be measured if 

Hirsutism and gingival 

response is inadequate, or 

hyperplasia reported. 

overdose suspected

May increase susceptibility to 

3)  Cyclosporine can increase plasma 

infection

levels of digoxin

4)  Some drugs can increase 

cyclosporine levels (ketoconazole, 

calcium channel blockers)

5)  Some drugs can decrease 

cyclosporine levels 

(trimethoprim/sulfa, 

phenobarbital, omeprazole)

Dexamethasone Glucocorticoid

Numerous systemic 

Occasional polyphagia, polyuria,  1)  Use in the diabetic patient is likely  0.11–0.25 mg/kg IV or mechanisms. 

polydipsia

to increase insulin requirements

SC q12h initially; then 

Immunomodulating effects 

Can precipitate diabetes 

2)  Patients on corticosteroids should  taper or switch to 

include decreasing 

mellitus, congestive heart failure

not receive live virus vaccination

prednisolone

T- lymphocytes, inhibition of 

phagocyte migration, inhibition  Muscle and joint weakness with 

of chemotactic factors, 

prolonged use

cytokines, and complement

Iatrogenic hyperadrenocorticism 

is rare

( Continued)

Table 28.3  (Continued)

Drugs

Classes

Primary mechanism(s)

Adverse effects

Contraindications or precautions

Doses and routes



Anticoagulant

Bind to and accelerate 

Excessive bleeding possible

1)  Do not use in patients with 



Low- molecular- 

antithrombin, thus enhancing 

sensitivity to other LMWH, 

Enoxaparin 0.75–1 mg/

weight heparins 

the inhibition of thrombin and 

heparin, or porcine products

kg SC q6h

(LMWH)

factor Xa

2)  Use with caution in patients with   

significant renal or hepatic 

impairment due to potential for 

Dalteparin 75 U/kg SC 

drug accumulation

q6h

3)  Use with caution in patients on 

concurrent anticoagulant or 

antiplatelet therapy

Prednisolone

Glucocorticoid

Numerous systemic 

Occasional polyphagia, polyuria,  1)  Use in the diabetic patient is likely  1–2 mg/kg PO q12h mechanisms. 

polydipsia. 

to increase insulin requirements

initially; then taper 

Immunomodulating effects 

Can precipitate diabetes 

2)  Patients on corticosteroids should  according to response

include decreasing 

mellitus, congestive heart 

not receive live virus vaccination

T- lymphocytes, inhibitor of 

failure. 

phagocyte migration, inhibition 

of chemotactic factors, 

Muscle and joint weakness with 

cytokines, and complement

prolonged use. 

Iatrogenic hyperadrenocorticism 

is rare

Rivaroxaban

Factor Xa inhibitor

Inhibits factor Xa and 

Nausea, vomiting, diarrhea may  3)  Use with caution in patients with  0.5–1 mg/kg/day PO

prothrombinase. 

occur. 

hepatic or renal disease Dose 

Indirectly inhibits platelet 

May cause elevations in liver 

reductions may be necessary

aggregation

enzyme

Vincristine

Vinca alkaloid

Binds tubulin in mitotic 

Inappetence, constipation, 

1)  Must be given strictly IV

0.025 mg/kg, or 0.5 mg/

spindle, preventing cell division  diarrhea

2)  Use with caution in patients with  m2 once, strictly IV

during metaphase

Myelosuppression (mild) 

leukopenia, infection, preexisting 

Immunosuppression

Peripheral neuropathy

neuromuscular disease, or hepatic 

Mechanisms of promoting 

Profound tissue irritation and 

disease

thrombocyte release are unclear necrosis with extravasation

Vitamin K1

Fat- soluble vitamin

Heinz body anemia can result 

1)  PO absorption enhanced by 

Long- acting 

from high doses (>5 mg/kg)

feeding a fatty meal

rodenticides: 3–5 mg/kg/

2)  PO absorption adversely affected 

day SC, IM, PO. 

by biliary obstruction and 

Short- acting rodenticides 

malassimilation disorders

and other vitamin K 

deficiencies: 1–2 mg/kg/

day SC, IM, PO
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reported.  Assay  can  be  performed  by 

4)  Treatment

specialized laboratories. 

–  Initial therapy

iv)  Chédiak–Higashi syndrome (CHS) has been 



●

General

reported in Persian cats. This storage pool 



■

General therapeutic and moni-

disease results in inadequate platelet aggre-

toring principles apply. 

gates  due  to  decreased  ability  to  generate 



■

Hemorrhagic  shock  should  be 

serotonin, ADP, and divalent cations. 

managed  via  appropriate  fluid 

v)  The  patient  with  a  suspected  non- vWD 

therapy  and/or  blood  transfu-

hereditary  thrombopathia  should  be 

sion if indicated. 

referred to a tertiary referral institution for 



■

Oxygen  supplementation  may 

specific platelet function testing. 

be indicated in cats with respir-

c)  Disorders of secondary hemostasis

atory  compromise  due  to  pul-

i)  Acquired vitamin K deficiency

monary  or  pleural  space 

1)  Vitamin  K  deficiency  or  antagonism 

hemorrhage. 

results  in  failure  to  activate  vitamin- K- 



●

Vitamin  K  is  essential  to 

dependent coagulation factors (factors II, 

management

VII, IX, and X), resulting in a secondary 



■

Initiate vitamin K therapy sub-

hemostatic disorder. 

cutaneously,  using  a  small- 

2)  Causes:

gauge  needle.  For  long- acting 

–  Anticoagulant  rodenticide  intoxica-

rodenticide  intoxication,  vita-

tion.  This  is  uncommon  in  cats. 

min  K  is  administered  at 

Clinical signs generally occur 2–3 days 

3–5 mg/kg/day; for short- acting 

post ingestion. 

rodenticides and other vitamin 

–  Severe hepatic disease, or extrahepatic 

K deficiencies, doses of 1–2 mg/

biliary obstruction. 

kg/day are considered adequate. 

–  Pancreatic insufficiency. 



■

The  intravenous  route  should 

–  Severe inflammatory bowel disease. 

be avoided due to the potential 

–  Phenobarbital therapy: this has been 

for anaphylaxis. 

associated  with  dose- dependent 



●

Transfusion requirements

decreases in the activities of factors II 



■

Response  to  vitamin  K  com-

and VII. 

monly  takes  up  to  12 hours. 

3)  Diagnosis

Emergency  needs  for  clotting 

–  Prolongation  of  the  PT  occurs  first, 

factors  can  be  met  only  by 

but  by  the  time  hemorrhage  is  evi-

plasma  transfusion.  Fresh  fro-

dent,  the  PT  and  aPTT  are  usually 

zen plasma transfusion should 

both prolonged. 

be administered at 10–15 ml/kg 

–  FDP, D- dimer, and fibrinogen concen-

and  repeated  every  6 hours  for 

trations are generally normal. 

the first 12–18 hours (due to the 

–  The platelet count is usually normal, 

short  half- life  of  transfused 

but  may  be  decreased  due  to 

factors). 

hemorrhage- related consumption. 



■

Whole blood transfusion (fresh 

–  The  patient  should  be  evaluated  for 

or  stored)  is  indicated  when 

hepatobiliary  disease,  intestinal  mal-

severe  anemia  is  present. 

absorptive disease, and the drug his-

Alternatively if whole blood is 

tory appraised. 

not available, packed red blood 

–  Toxicological  testing  for  specific 

cells may be given in addition to 

rodenticides  or  for  proteins  induced 

fresh frozen plasma therapy to 

by vitamin K antagonism (PIVKA) is 

correct anemia. 

not usually helpful in the emergency 

–  Ongoing therapy

situation, but may serve to confirm an 



●

The cause of the deficiency must 

uncertain diagnosis. 

be  reversed  where  appropriate 
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(e.g.,  treatment  of  hepatobiliary 

–  Reduced FXIII activity has been found to 

disease). 

be  a  consistent  alteration  in  cats  with 



●

After  24 hours,  if  the  patient  is  not 

hepatobiliary disease and is thought to be 

vomiting,  vitamin  K1  therapy  is 

the result of increased turnover and con-

administered orally. 

sumption rather than impaired synthesis. 



●

Therapy should be continued until the 

FXIII plays a pivotal role in stabilizing clot 

toxin  has  been  metabolized,  or  the 

formation  by  cross- linking  fibrin.  It  also 

underlying 

disease 

sufficiently 

regulates fibrinolysis and deficits in FXIII 

resolved. 

may result in early clot lysis. Severe FXIII 



●

With  rodenticide  intoxication,  the 

deficiency is associated with potential life- 

duration  of  therapy  depends  on  the 

threatening bleeding in humans. FXIII is 

type  of  rodenticide.  If  the  anticoagu-

not assessed on standard coagulation tests 

lant is known to be warfarin, 10–14 days 

(i.e., PT, aPTT, etc.). 

of therapy is usually sufficient. If the 

–  Differentiation  from  DIC  is  sometimes 

anticoagulant is unknown or a second-

impossible  based  on  coagulation  testing 

generation  rodenticide,  oral  vitamin 

alone,  and  depends  on  clinical  findings, 

K1  should  be  continued  for  at  least 

serum  chemistries,  and  liver  function 

3–4 weeks. 

testing. 



■

Evaluate  the  PT  48–72 hours  after 

4)  Treatment

cessation  of  therapy.  If  it  is  pro-

–  Bleeding  tendencies  must  be  corrected 

longed,  therapy  should  be  reinsti-

before  pursuing  hepatic  biopsy  or  other 

tuted for an additional 2 weeks, and 

invasive procedures. 

the  PT  again  re- evaluated  after 

–  Plasma transfusion can temporarily offset 

discontinuation. 

factor deficiencies. 

ii)  Hepatobiliary disease

–  Vitamin  K1  may  be  beneficial  in  some 

1)  Hepatobiliary  disease  is  one  of  the  more 

patients. Efficacy should be ascertained by 

common causes of bleeding disorders in cats, 

repeating  coagulation  testing  at  least 

resulting  in  abnormal  results  of  hemostatic 

12 hours after initiating therapy. 

testing.  Spontaneous  hemorrhage,  however, 

iii)  Inherited coagulopathies

is  relatively  infrequent.  Bleeding  generally 

1)  In contrast to dogs, cats with heritable disor-

occurs  following  surgical  or  medical  proce-

ders  seldom  bleed  spontaneously.  They  are 

dures. This underlies the importance of rou-

frequently discovered when excessive bleed-

tine  hemostatic  testing  in  cats  with 

ing occurs following surgery or trauma. 

hepatobiliary disease. 

2)  Inherited coagulopathies are rare in the cat 

2)  Severe disease can result in one or more of 

(Figure 28.5). 

the following: decreased production of coag-

–  Factor  XII  (Hageman  factor)  deficiency 

ulation  factors,  interference  with  hepatic 

is the most common, resulting in prolon-

vitamin  K  recycling,  decreased  vitamin  K 

gation of the aPTT, but it does not result 

absorption (biliary obstruction), quantitative 

in a bleeding disorder unless other hemo-

and/or  qualitative  platelet  disorders,  exces-

static abnormalities develop. Coexistence 

sive fibrinolysis, reduced clearance of FDPs, 

of factor XII deficiency and hemophilia 

increased  D- dimers,  or  consumptive  reduc-

has  been  reported  in  domestic  shorthair 

tions in coagulation factors. 

cats. 

3)  Diagnosis

–  Hemophilia A (factor XIII deficiency) and 

–  In very acute cases, only PT prolongation 

B (factor IX deficiency) are recessive sex- 

may occur. However, aPTT has been found 

linked traits, thus manifesting in males. 

to be most consistently elevated. 

3)  An  inherited  coagulopathy  should  be  sus-

–  Mild  to  moderate  thrombocytopenia 

pected,  particularly  in  younger  cats,  if  PT 

may occur. 

and/or aPTT are prolonged in the absence of 

–  FDPs and D- dimers may be elevated. 

other abnormal testing and if acquired sec-

–  Antithrombin  and  fibrinogen  concentra-

ondary  hemostatic  defects  have  been  ruled 

tions may be reduced, and, in some cases, 

out. A history of prior or recurrent bleeding 

fibrinogen increased. 

is highly suggestive. 
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4)  Definitive  diagnosis  requires  specific  factor 

7)  Clinical signs

assays, performed by specialized laboratories. 

–  DIC  can  be  subclinical,  mild,  or  severe, 

5)  Treatment

and acute or chronic. 

–  Treatment adheres to general principles of 

–  Overt DIC usually manifests as failure of 

bleeding control. 

one or more organs. Spontaneous bleeding 

–  If bleeding is severe or unrelenting, factors 

is uncommon. When it occurs, it may be 

should be provided via plasma transfusion. 

suggestive of a primary hemostatic disor-

d)  Mixed disorders

der,  a  secondary  hemostatic  disorder, 

i)  Disseminated intravascular coagulation

or both. 

1)  DIC is an acquired syndrome characterized 

8)  Diagnosis

by the excessive activation and loss of regula-

–  Diagnosis is generally challenging, owing 

tion of coagulation, widespread microvascu-

to  the  variability  in  clinical  manifesta-

lar thrombosis, and subsequent compromise 

tions, the difficulty in detecting thrombo-

of organ perfusion which can contribute to 

sis,  and  the  lack  of  pathognomonic 

organ failure. 

laboratory tests. Diagnosis of DIC requires 

2)  Aberrant expression of tissue factor (by neo-

careful consideration of both the clinical 

plastic  cells  or  cytokine- stimulated  mono-

and laboratory findings. 

cytes)  initiates  excessive  coagulation.  This  is 

–  Diagnosis depends on the following:

sustained and amplified by the consumption 



●

Identification of an inciting cause (see 

of  coagulation  inhibitors  (antithrombin,  pro-

in the earlier text). 

tein  C,  etc.).  In  systemic  inflammatory 



●

Laboratory  testing.  There  is  no  single 

response syndromes (SIRS), a self- perpetuating 

test or combination of tests that serves 

cycle  occurs,  whereby  inflammatory  media-

as  a  gold  standard  for  DIC  diagnosis. 

tors activate coagulation and activated coagu-

Findings are extremely variable. 

lation factors promote inflammation. 



●

In general, the criteria used to diagno-

3)  DIC  is  always  secondary  to  inciting  illness. 

sis DIC includes a known predisposing 

Most common in the cat are neoplasia (lym-

condition  and  3  or  more  abnormal 

phoma and others), pancreatitis, and sepsis. 

coagulation parameters: thrombocyto-

Other reported causes include severe hepatic 

penia,  prolonged  PT,  aPTT,  or  TT, 

disease,  trauma,  heatstroke,  viral  infection 

increased FDP or D- dimer concentra-

(FIP),  SIRS,  and  tissue  necrosis.  Secondary 

tions,  decreased  fibrinogen  levels, 

factors, such as vascular stasis, acidosis, and 

reduced  antithrombin  activity,  or  the 

hypoxia,  exacerbate  the  systemic  response 

presence of schistocytes. 

and promote DIC. 



■

Thrombocytopenia  is  frequently, 

4)  DIC  is  a  dynamic  and  progressive  process. 

but not universally, present. Relative 

Initially,  a  compensated  or  “non- overt” 

changes may be undetected unless a 

hypercoagulable phase occurs, in which pro-

recent platelet count is available for 

coagulant activity is counterbalanced by the 

comparison. 

natural inhibitors of coagulation. With con-



■

The aPTT is usually prolonged; less 

tinued  activation,  however,  inhibitors 

commonly, the PT. 

become  overwhelmed,  and  uncompensated 



■

Elevated FDP and D- dimer concen-

or  “overt”  DIC  results,  with  widespread 

trations  are  suggestive  but 

microvascular  thrombosis.  In  a  subset  of 

nonspecific. 

patients, platelets and coagulation factors are 



■

Antithrombin  behaves  as  an  acute 

consumed,  leading  to  hypocoagulation  and 

phase reactant in cats and is incon-

bleeding. 

sistently decreased with DIC. 

5)  The hemorrhagic phase of DIC is a late- stage 



■

Schistocytosis  is  consistent  with 

event,  always  preceded  by  thrombosis.  It  is 

DIC, but schistocytes are not invari-

uncommon  in  cats,  occurring  in  <20%  of 

ably  present  and  may  occur  with 

feline DIC patients. 

other conditions. 

6)  Mortality  is  very  high  and  is  usually  the 



●

Conventional testing is limited to iden-

result of microvascular thrombosis and organ 

tifying the overt, hypocoagulable state 

failure. 

of  DIC.  TEG  shows  promise  to 
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diagnose  DIC  in  the  early,  pro- 

Consensus  on  the  Rational  Use  of 

inflammatory  phase.  A  recent  canine 

Antithrombotics  in  Veterinary  Critical 

study demonstrated that TEG was able 

Care  (CURATIVE)  stated  the  inability  to 

to  distinguish  between  hypercoagula-

make any strong recommendations based 

ble  and  hypocoagulable  stages  of 

on insufficient evidence. 

DIC. To date, TEG has not been evalu-



●

Clopidogrel 

is 

recommended 

ated in cats with DIC. 

over aspirin

9)  Treatment



■

Clopidogrel 18.75 mg total PO every 

–  Identification and correction of the under-

24 hours. 

lying cause. This is paramount and should 



●

Low- molecular- weight 

heparin 

be accomplished as rapidly as is possible. 

(LMWH) is suggested over unfraction-

–  Further management should focus on pre-

ated heparin (UFH) due to its consist-

venting or reversing factors that may exac-

ent efficacy in cats. 

erbate the DIC. This includes optimization 



■

Dalteparin  75 U/kg  SC  every 

of perfusion via appropriate fluid therapy, 

6 hours. 

correction of acid–base and electrolyte dis-



■

Enoxaparin  0.75–1 mg/kg  SC  every 

orders,  supplemental  oxygen  therapy 

6 hours. 

where indicated, maintenance of adequate 



■

The use of anti- Xa activity to moni-

renal perfusion, and the prevention of sec-

tor dose is recommended; however, 

ondary sepsis. 

target activity levels have not been 

–  Plasma transfusions remain controversial. 

established in cats. 

Indications  for  administration  of  plasma 



●

Direct factor Xa inhibitors appear safe 

products  should  not  be  based  solely  on 

and well- tolerated. 

laboratory values alone and should only be 



■

Rivaroxaban 0.5–1 mg/kg per day. 

given  when  there  is  evidence  of  active 

–  As  it  relates  to  antifibrinolytics,  to  our 

bleeding, if invasive procedures are neces-

knowledge,  there  is  no  current  literature 

sary,  or  in  patients  with  high  risk  of 

investigating  the  use  of  lysine  analogs 

bleeding. 

in cats. 

–  As  it  relates  to  antithrombotic  therapy 

(Table  28.3),  the  recently  published 
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Hematologic Emergencies: Anemia

 Anthony L. Gonzalez, Paula Simons, and Susan G. Hackner

UNIQUE FEATURES



● Immune- mediated hemolytic anemia is a less common cause of anemia in cats than in dogs. When it does occur, it is usually secondary to viral disease, parasitic infection, or antithyroid medication. 



● Feline hemoglobin is extremely sensitive to oxidant denaturation. Heinz bodies occur in association with many conditions and do not necessarily correspond to hemolytic anemia in the cat. Heinz bodies, therefore, should be interpreted in the light of other clinical findings. 



● Feline automated platelet counts are not reliable due to clumping observed in feline platelets and the inability to distinguish between platelets and red blood cells due to size overlap. 



● Nonregenerative anemias are common in cats. Examination of the bone marrow is essential in the diagnostic workup of any patient with nonregenerative anemia. This is best achieved via both cytology (aspirate) and histopathology (core biopsy). 



● Feline leukemia virus (FeLV) is commonly associated with anemia in cats. Mechanisms include: immune-mediated, secondary 

infection (hemobartonellosis), anemia of inflammatory disease, and intramarrow disorders (pure red cell aplasia (PRCA), myelodysplasia, myelofibrosis, hematopoietic neoplasia, and aplastic anemia). As such, serologic testing is mandatory in anemic cats. 

Treatment should focus on the mechanism of the anemia. 

A)  General

C)  Initial stabilization and monitoring

a)  Anemia is defined as a decrease in the red blood cell 

a)  The primary survey of the emergent patient is the 

mass,  occurring  due  to  decreased  production, 

rapid  assessment  of  vital  organ  systems  to  deter-

increased destruction (hemolysis), or loss (hemor-

mine whether a life- threatening situation exists (see 

rhage) of red blood cells. 

Chapter 1— Approach to the Critically Ill Cat). In 

b)  The  consequences  of  anemia  are  tissue  hypoxia 

the anemic patient, an anemic crisis or hemorrhagic 

and, ultimately, death. 

shock constitutes a life- threatening emergency and 

B)  Presenting signs

requires rapid intervention (Figure 29.1). 

a)  Anemic cats are usually presented for progressive 

b)  Venous access should be established without delay 

weakness,  lethargy,  and  inappetence,  which  may 

by placement of a peripheral catheter. Ideally the 

culminate in collapse. 

catheter  with  the  largest  bore  possible  should  be 

b)  The duration of signs ranges from peracute to chronic. 

placed, in case aggressive fluid therapy is warranted. 

c)  Pallor is the hallmark sign and should be differenti-

c)  Blood  is  collected  from  the  catheter  immediately 

ated from pallor associated with hypoperfusion by 

following  placement,  for  a  minimum  database 

evaluation  of  perfusion  parameters  (heart  rate, 

including  a  PCV  and  refractometer  total  pro-

pulse quality, blood pressure, etc.) and the packed 

tein (TP). 

cell volume (PCV; see Chapter 3— Shock). 

d)  Additional blood samples should be collected prior 

d)  Other clinical manifestations may include bounding 

to initiating therapy, to prevent treatment- induced 

pulses, a gallop rhythm, and a systolic flow murmur. 

changes in parameters. These should include:

Signs of an underlying disease may also be evident. 

i)  Blood smear. 

e)  Patients in an anemic crisis are moribund or extremely 

ii)  In- saline agglutination test. 

depressed, with marked pallor, tachypnea, tachycar-

iii)  EDTA- plasma sample. 

dia, and bounding pulses. If the anemia is due to severe 

iv)  Serum sample. 

blood loss, signs of hypoperfusion predominate. 

v)  Citrated plasma sample. 
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ii)  Monitor  closely  for  evidence  of  worsening 

1. 

Primary survey 

2. 

Establish vascular access 

anemia and decompensation. This includes, at 

3. 

Collect pretreatment blood samples: 

a minimum:

-

minimum database

1)  Attitude and mental status. 

-

blood smear 

2)  Respiratory rate and effort. 

-

EDTA plasma (for later CBC, reticulocyte count, platelet

3)  Perfusion status. 

count, blood typing, immune testing, PCR, etc.) 

4)  Mucous  membrane  color  and  capillary 

-

serum (for later chemistry profile, serologic testing, etc.) 

refill time. 

-

citrated plasma, if bleeding suspected/possible (for later

5)  Temperature. 

coagulation testing)

6)  PCV/TP. 

-

in-saline agglutination test, if hemolysis suspected/possible

7)  Blood pressure. 

4. 

Initiate therapy to stabilize the patient:  

D)  Clinical assessment

-

support of airway and/or breathing, if indicated  

-

control of hemorrhage,  if present

a)  History

-

fluid therapy, as needed to maintain adequate perfusion  

i)  The signalment of the patient may be informa-

-

blood transfusion, if indicated 

tive. Young animals are more likely to have con-

5. 

Secondary survey 

genital  disease  or  blood  loss  due  to  parasites, 

-

complete history 

whereas  older  animals  are  at  greater  risk  for 

-

thorough physical examination 

malignancies. 

-

MDB interpretation

ii)  The  owner  should  be  questioned  on  the 

6. 

Formulate problem list and differentials

following:

7. 

Formulate plan and write orders for ongoing supportive care and

1)  The  duration  and  progression  of  clinical 


monitoring

signs. This may allow one to date the onset 

8. 

Diagnostic workup 

of disease. Determination of chronicity is 

9. 

Specific therapy

useful  in  formulating  differential  diagno-

Figure 29.1  Approach to the emergent anemic patient. 

ses.  For  example,  the  cat  with  a  chronic 

progressive  clinical  course  is  unlikely  to 

have suffered an acute toxic insult. It also 

allows  one  to  predict  whether  there  has 

e)  Initial therapy should be instituted without delay. 

been sufficient time (2–4 days) for a regen-

This is aimed to stabilize the patient while diagnos-

erative response. 

tic testing continues. It includes:

2)  The degree of functional compromise. 

i)  Control of hemorrhage, where applicable. 

3)  The presence of any other signs not directly 

ii)  Blood transfusion if the cat is in an anemic crisis. 

related to the anemia (e.g., vomiting or res-

iii)  Blood  volume  replacement,  where  hypoperfu-

piratory difficulty). 

sion  is  present  (see  Chapter  3—Shock  & 

4)  Whether  anorexia  is  present  and,  if  so,  its 

Chapter 8—Fluid Therapy). 

duration. This is always relevant in the cat 

iv)  The  severely  anemic  cat  can  be  remarkably 

where hepatic lipidosis can complicate other 

fragile  and  decompensate  rapidly  with  stress. 

diseases (and resulting icterus may be misin-

Therefore,  it  is  important  that  stress  is  mini-

terpreted  as  being  directly  related  to  the 

mized  and  nonessential  procedures  delayed 

anemia). 

until the patient is stabilized. 

5)  Diet, travel, and home environment (indoor/

f)  Following  initial  stabilization,  attention  should  be 

outdoor), which may elucidate the potential 

directed to the establishment of a diagnosis. The sec-

for  trauma,  toxin  exposure,  or  infectious 

ondary survey includes a thorough history and phys-

disease. 

ical examination, and interpretation of the minimum 

6)  Present and past illnesses. 

database. This allows generation of an initial prob-

7)  Any  history  of  past  or  current  bleeding— 

lem list and formulation of a diagnostic plan. 

melena, hematuria, epistaxis, etc. 

g)  Ongoing care and monitoring:

8)  Vaccines and medications, which may pre-

i)  Regarding pending diagnosis and institution of 

dispose  to  immune- mediated  disease  or 

specific therapy, a plan should be formulated, 

marrow suppression. 

and  orders  written,  for  supportive  care  and 

9)  History  of  viral  serologic  testing  for  FeLV/

monitoring  (see  Chapter  1— Approach  to  the 

feline  immunodeficiency  virus  (FIV)  and 

Critically Ill Cat). 

exposure to other cats. 
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10)  The  medical  history  of  other  household 

–  Macrocytic  normochromic  anemia  may 

cats. If other cats have similar signs, envi-

also  occur  with  regeneration.  In  the  cat 

ronmental (toxin), genetic (if the other cats 

without regeneration, however, it may be 

are related), or infectious causes should be 

suggestive  of  FeLV  or  myelodysplasia. 

considered. The viral status of other house-

Macrocytosis  can  also  be  an  artifact  in 

hold cats may be informative. 

day- old  samples.  Vitamin  B12  and  folic 

b)  Physical  examination— a  thorough  examination 

acid  deficiencies  are  rare  causes  of 

should focus particular attention on the following:

macrocytosis. 

i)  A thorough search for evidence of hemorrhage: 

4)  The total white blood cell (WBC) count and 

evaluation of the body cavities, examination of 

differential  counts  are  informative. 

the skin, mucous membranes, and joints, and 

Leukocytosis  suggests  infection,  inflamma-

rectal and fundic examinations. 

tion, or neoplasia. Leukopenia may be indic-

ii)  The presence of icterus, which may be due to 

ative of an intramarrow disorder. 

hemolysis or hepatobiliary disease. 

5)  Feline  automated  platelet  counts  are  not 

iii)  The presence of splenomegaly, which could be 

reliable due to clumping observed in feline 

consistent with hemolysis, neoplasia, infectious 

platelets  and  the  inability  to  distinguish 

disease, or extramedullary hematopoiesis. 

between platelets and red blood cells due to 

iv)  Any  evidence  of  neoplasia,  infectious  disease, 

size overlap. 

or immune- mediated disease. 

ii)  Blood smear

c)  Diagnostic tests

1)  Blood  smear  examination  is  invaluable  in 

i)  Complete blood count (CBC)

the evaluation of the anemic patient. 

1)  The CBC is part of the laboratory database in 

2)  Accurate assessment is highly dependent on 

any ill patient and is essential in the anemic 

the  quality  of  the  smear  and  systematic, 

patient. 

careful evaluation. 

2)  The total erythrocyte count (RBC) and hemo-

3)  Erythrocyte  morphology  may  indicate  an 

globin concentration (Hb) confirm the pres-

etiology  (Table  29.1),  for  example,  toxic 

ence and severity of anemia. Discrepancies 

damage (Heinz bodies, eccentrocytes, etc.), 

between these values and the PCV may occur 

physical  damage  (schizocytes),  or  erythro-

in several situations:

cyte  parasites  ( Mycoplasma,  Babesia,  and 

–  Heinz  bodies  may  increase  erythrocyte 

 Cytauxzoon;  see  in  the  following  text). 

fragility, causing lysis, thus lowering the 

Microcytosis and spherocytosis are generally 

PCV and increasing the Hb. 

not recognizable in cats. 

–  Microcytic  erythrocytes  can  result  in  a 

lower PCV and Hb relative to the RBC. 

–  Laboratory error. 

3)  The  erythrocyte  indices,  mean  corpuscular 

Table 29.1  Erythrocyte morphologic changes that may 

volume (MCV), and mean corpuscular hemo-

be observable on blood smear examination. 

globin  concentration  (MCHC)  are  used  to 

classify  the  type  of  anemia  present.  While 

Abnormality

Associated disorder(s)

useful,  they  should  never  be  considered 

Acanthocytosis

Chronic liver disease

pathognomonic, as they lack the sensitivity to 

detect  mild  or  early  changes.  Four  patterns 

Eccentrocytosis

Onion toxicity

can be recognized:

Echinocytes

Crenation artifact

–  Microcytic anemia usually indicates iron 

Heinz bodies

Oxidative red cell injury

deficiency. 

Hypochromia

Iron deficiency

–  Normocytic  normochromic  anemia  is 

Macrocytosis

Active regeneration, myelodysplasia, 

generally suggestive of a nonregenerative 

FeLV infection, hypernatremia, artifact

response,  but  should  always  be  verified 

Nucleated red 

Active regeneration, splenic disease, 

via reticulocyte count. 

blood cells

post- splenectomy, lead toxicity, systemic, 

–  Macrocytic hypochromic anemia usually 

stress, some intramarrow disorders

indicates  a  regenerative  response,  but 

Parasitic 

 Mycoplasma,  Babesia,  Cytauxzoon

inclusions

should  always  be  verified  via  reticulo-

cyte count. 

Schizocytosis

Microangiopathy

[image: Image 96]
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4)  It  is  important  to  realize  that  regeneration 

punctate  forms  are  not  recognizable  on 

cannot  be  accurately  assessed  on  blood 

routine  staining,  the  degree  of 

smear examination in cats. Due to the differ-

regeneration  may  be  underestimated  in 

ent forms of reticulocytes in this species (see 

cats.  If  both  forms  are  counted  and  not 

in the following text), the absence of identi-

distinguished, active regeneration may be 

fiable reticulocytes does not exclude regen-

overestimated (Figure 29.2). 

eration. Conversely, evidence of any degree 

3)  The degree of reticulocytosis must be inter-

of reticulocytosis on blood smear examina-

preted  relative  to  the  degree  of  anemia,  by 

tion in a cat indicates an acute and profound 

calculation of the absolute reticulocyte count 

regenerative response. 

(ARC,  numbers/μl  of  blood)  or  a  corrected 

5)  Smear  examination  also  allows  assessment 

reticulocyte count (percentage; Figure 29.3). 

of other cell lines. The clinician should eval-

An  increase  in  either  of  these  parameters 

uate platelet numbers and morphology (see 

provides the best evidence for a regenerative 

Chapter  28— Hematologic  Emergencies: 

response.  An  ARC  of  >50 000  aggregate 

Bleeding). Leukocyte assessment is informa-

reticulocytes/μl  or  a  corrected  reticulocyte 

tive with regard to white cell numbers and 

count of >0.5% is considered regenerative. 

proportions and may indicate the presence 

4)  Aggregate reticulocytes generally appear in the 

of  a  left  shift,  neoplastic  changes,  or  para-

circulation within 48 hours of hemorrhage or 

sites  ( Ehrlichia  morulae).  Approximately 

hemolysis, peak by 4–6 days, and then decline. 

18–51 leukocytes per 10× objective field are 

Punctate reticulocytes, on the other hand, per-

considered normal. 

sist for up to 2 weeks following insult. 

iii)  Reticulocyte count

iv)  In- saline agglutination test

1)  A reticulocyte count should be performed in 

1)  This  evaluation  for  autoagglutination  is 

all anemic patients, providing the only accu-

indicated in all anemic patients, except those 

rate assessment of the regenerative response. 

with obvious hemorrhage. It is particularly 

2)  The clinician should be aware of the species 

indicated  in  the  patient  with  confirmed  or 

peculiarities  in  the  cat  regarding  reticulo-

suspected hemolysis. 

cyte counts. 

2)  The test is performed by mixing a drop of 

–  Automated  counts  are  not  accurate  in 

blood  with  an  equal  or  greater  volume  of 

cats. Counts should be performed manu-

ally via vital staining that allows visuali-

zation  of  ribosomes.  A  few  drops  of 

EDTA- anticoagulated  blood  are  mixed 

with an equal volume of 0.5% new meth-

ylene  blue  in  physiological  saline.  The 

solution  is  allowed  to  incubate  for 

10–20 minutes, remixed, and a thin smear 

made.  A  thousand  red  blood  cells  are 

counted, and the percentage of reticulo-

cytes recorded. 

–  The  cat  has  two  types  of  reticulocytes: 

aggregate  reticulocytes,  in  which  the 

organelles are coalesced into aggregates, 

and punctate reticulocytes, in which the 

organelles are present as small particles. 

Aggregate reticulocytes are released from 

a

b

the  marrow  and  mature  into  punctate 

forms within 12 hours. The latter mature 

Figure 29.2  Blood smears from a cat with regenerative anemia. 

to erythrocytes over 10–12 days. Aggregate 

(a) New methylene blue staining, demonstrating both punctate 

forms therefore indicate active regenera-

and aggregate reticulocyte forms. (b) Diff- Quik staining, in which only aggregate reticulocytes are identifiable as large, basophilic 

tion,  whereas  punctate  forms  indicate 

erythrocytes  Source: Courtesy of Dr. Elizabeth Spangler, Oregon recent, cumulative regeneration. Because 

State University. 
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–  Aspirate  samples  should  be  tested  for 

Absolute reticulocyte count (reticulocytes/µl):

FeLV (via immunofluorescence [IFA]) if 

= % reticulocytes × RBC/µl

blood serology is negative. 

100 

3)  A  current  CBC  and  blood  smear  should 

Corrected reticulocyte count (%): 

accompany submission of marrow samples. 

observed reticulocyte % × PCV of the patient

E)  Diagnostic approach

37 

a)  Causes  of  anemia  are  classified  by  mechanism: 

decreased  erythropoiesis,  hemolysis,  or  hemor-

Figure 29.3  Calculation of the reticulocyte response. 

rhage (Figure 29.4). Determination of the mecha-

nism is an essential process in the diagnostic workup. 

saline on a glass slide. Macroagglutination 

b)  The first step is to determine whether the anemia is 

can  be  visualized  grossly  but  is  present 

regenerative or nonregenerative. 

in  only  a  small  percentage  of  cases. 

i)  The only reliable indication of regeneration in 

Microscopic  evaluation  of  a  fresh  wet 

the cat is via a manual reticulocyte count (see in 

mount  should  always  be  performed.  This 

the earlier text). Nucleated red blood cells are 

will allow detection of microagglutination 

not a reliable indicator, as they may be present 

and differentiation from rouleau formation. 

in  numerous  conditions  in  spite  of  a  quies-

Agglutination appears as “grapelike” accu-

cent marrow. 

mulations of erythrocyte, whereas rouleau 

ii)  The  presence  of  regeneration  indicates  either 

formations  are  more  linear,  resembling 

hemolysis or hemorrhage. 

stacks of coins. 

iii)  In general, a nonregenerative anemia indicates 

3)  Convincing  agglutination  is  evidence  of 

decreased  erythropoiesis.  There  are,  however, 

immune- mediated 

hemolytic 

anemia 

three important exceptions (Table 29.2):

(IMHA),  but  is  not  universally  present.  A 

1)  Acute hemorrhage or hemolysis of less than 

diagnosis of IMHA should not be excluded 

2–4 days in duration, as there has been insuf-

based on a negative agglutination test. 

ficient time for reticulocytosis. 

v)  Bone marrow evaluation

2)  Concomitant  disease  that  precludes  an 

1)  Indications for bone marrow examination

appropriate  bone  marrow  response,  for 

–  Nonregenerative anemia of greater than 

example, renal failure. 

2–4 days in duration. 

3)  IMHA, where the immune response is tar-

–  Thrombocytopenia without evidence of a 

geted to the red cell precursors. 

consumptive disorder. 

iv)  Therefore,  if  the  anemia  is  regenerative,  the 

–  Pancytopenia. 

next step is to determine if it is due to hemoly-

–  To  investigate  for,  or  stage,  certain  neo-

sis or hemorrhage. If the anemia is nonregen-

plastic  conditions  (e.g.,  myeloma,  lym-

erative, decreased erythropoiesis should not be 

phoma, etc.). 

assumed. 

–  To assess for FeLV infection when blood 

c)  Hemolysis  versus  hemorrhage.  Blood  loss  is  not 

serology is negative. 

always obvious, so a careful search must be made 

2)  Both  a  bone  marrow  aspirate  and  a  core 

for evidence of hemorrhage. Several clinical clues 

biopsy should be collected in cats. 

may assist in differentiating hemolysis from hemor-

–  Samples  can  be  collected  from  the 

rhage (Table 29.3). 

humerus, iliac crest, or femur. 

d)  Other factors that should be considered:

–  Bone  marrow  aspirate  cytology  allows 

i)  The severity of anemia (Table 29.4). Some ane-

rapid impressions of cellularity and eval-

mias  (e.g.,  anemia  of  inflammatory  disease 

uation of cell morphology. 

[AID]) are characteristically mild or moderate 

–  Histopathology  (via  core  biopsy)  allows 

and would be excluded from consideration in a 

more  accurate  evaluation  of  cell  num-

severe anemia. 

bers, proportions, maturation sequences, 

ii)  The  progression  of  disease.  Anemias  of 

and  other  marrow  components.  This  is 

decreased  erythropoiesis  tend  to  have  a 

important in cats where myeloid dyspla-

chronic progression (weeks to months), corre-

sia,  aplasia,  and  myelophthisis  are  rela-

sponding to erythrocyte life span. Hemolytic 

tively common. 

and hemorrhagic anemias may be more acute 
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(days  to  weeks).  There  are,  however, 

1)  Severe signs, relative to the degree of anemia, 

exceptions  (e.g.,  chronic  hemorrhage  and 

indicate  either  an  acute  anemia  or  that 

acute hematopoietic neoplasia). 

another  process  is  contributing  to  the 

iii)  The magnitude of clinical signs relative to the 

symptomatology. 

PCV. Animals with an acute onset of hemolysis 

2)  Mild signs, relative to the degree of anemia, 

or hemorrhage will develop clinical signs at a 

generally  reflect  a  chronic  process,  usually 

higher PCV than animals with a gradual onset 

either  decreased  erythropoiesis  or  chronic 

of anemia due to decreased erythropoiesis. 

blood loss. 

Hemolysis

Antibody mediated

Immune-mediated hemolytic anemia 

Primary/idiopathic 

Secondary 

Viral (FeLV, FIV, FIP) 

Bacterial (various acute and chronic infections) 

Protozoal (hemobartonellosis, ehrlichiosis, babesiosis) 

Drugs (methimazole, propylthiouracil) 

Neoplasia 

Neonatal isoerythrolysis 

Transfusion reaction  

Oxidative damage 

Food 

Onions, propylene glycol (semi-moist foods), some fish-

based diets 

Drugs 

Acetaminophen, phenacetin, phenazopyridine, methylene blue, 

DL-methionine, propofol 

Diseases 

Diabetes/diabetic ketoacidosis, hyperthyroidism, neoplasia 

(lymphoma), hepatic disease, renal disease, others 

Toxins 

Zinc 

Naphthalene 

Infectious 

Hemobartonellosis 

Babesiosis 

Cytauxzoonosis 

Microangiopathic  

Disseminated intravascular coagulation 

Near-drowning (fresh water) 

Heat stroke, severe burns 

Neoplasia 

Splenic disease, hepatic disease, vasculitis 

Congenital 

Pyruvate kinase deficiency (Abyssinian, Somali, domestic 

shorthair) 

Porphyria (Siamese, domestic shorthair) 

Increased osmotic fragility (Abyssinian, Somali) 

Poikilocytosis (domestic shorthair) 

Methemoglobin reductase deficiency (domestic shorthair) 

Miscellaneous   

Hypophosphatemia 

Hemorrhage

Trauma/surgery 

Bleeding disorders  

Ectoparasites 

Gastrointestinal (endoparasites, ulceration, neoplasia) 

Neoplasia (hemangiosarcoma, others)

Figure 29.4  Causes of anemia in cats. 
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Decreased or ineffective erythropoiesis

Extramarrow disease 

Anemia of inflammatory disease 

Iron deficiency (severe) 

Renal failure 

Endocrine/metabolic disorders  

hypothyroidism, hypoadrenocorticism, panhypopituitarism 

Starvation–inadequate protein intake 

Intramarrow disease 

Pure red cell aplasia 

Aplastic pancytopenia (aplastic anemia) 

Infectious: FeLV, FIV, chronic ehrlichiosis, parvovirus, 

endotoxemia/septicemia 

Drug associated: chemotherapy, griseofulvin, albendazole, 

sulfadiazene 

Myelodysplastic syndromes 

Myelophthisis 

Myelofibrosis 

Hematopoietic neoplasia 

Infectious 

Feline leukemia virus 

Feline immunodeficiency virus 

Ehrlichiosis 

Parvovirus 

Endotoxemia 

Figure 29.4  (Continued)

Table 29.2  Mechanisms of regenerative versus 

Table 29.4  Guidelines for classification of the severity 

nonregenerative anemia. 

of anemia. 

Regenerative anemia

Nonregenerative anemia

Severity of anemia

PCV/hematocrit (%)



● Hemolysis

●  Decreased or ineffective 

Mild

20–26

erythropoiesis

Moderate

14–19



● Hemorrhage

●  Acute hemolysis or 

hemorrhage <2–4 days

Severe

10–13

Very severe

<10

●  Hemolysis or hemorrhage with 

concurrent disease precluding 

regeneration

●  Immune- mediated destruction 

of erythrocyte precursors

Table 29.3  Clinical features helpful in differentiating hemorrhage from hemolysis. 

Clinical features

Hemorrhage

Hemolysis

Evidence of bleeding

Common

Rare

Serum protein

Low to normal

Normal to high

Hemoglobinemia/uria

No

May be present if intravascular hemolysis

Icterus

No, unless concurrent or underlying 

Common, but not invariably present

hepatobiliary disease

Splenomegaly

No, unless concurrent or underlying disease, 

Common, but not invariably present

or extramedullary hematopoiesis
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F)  Specific conditions

hemorrhage,  or  causes  of  oxidative  red 

a)  Hemolytic anemia

blood cell damage. 

i)  IMHA

–  A spun PCV is recommended over a cal-

1)  Occurs  less  commonly  in  cats  compared 

culated HCT, as a calculated HCT may be 

to dogs. 

unreliable when agglutination is present. 

2)  Inappropriate  production  of  pathogenic 

–  The  anemia  is  usually  regenerative. 

autoantibodies that target erythrocyte mem-

However, it is not uncommon for cats to 

brane epitopes. The resulting hemolysis usu-

have an ARC of <50 000/μl for up to five 

ally  occurs  intravascularly,  but  may  occur 

days before a marked response. 

extravascularly. 

–  A  positive  direct  Coombs’  test  supports 

3)  IMHA can be primary due to an idiopathic 

the diagnosis, but should be interpreted 

cause versus secondary due to an underlying 

with  caution.  False  positives  have  been 

disease process including tick- borne disease 

reported  with  FeLV,  FIP,  hemobartonel-

(hemobartonellosis,  babesiosis,  etc.),  viral 

losis, neoplasia, and some chronic bacte-

infection  (FeLV,  FIV,  FIP,  etc.),  various 

rial infections. Conversely, a negative test 

bacterial infections ( Mycoplasma hemofelis, 

does not rule out IMHA. 

urinary tract infection, pyelonephritis, etc.), 

–  Flow  cytometry  and  delayed  enzyme- 

inflammatory  conditions  (cholangitis, 

linked  antiglobulin  test  are  more  sensi-

pancreatitis,  etc.),  drug- induced  (methima-

tive  than  Coombs’  testing,  but  are  not 

zole,  propylthiouracil,  etc.),  or  neoplasia 

widely available. 

(lymphoma,  histiocytic  sarcoma,  multiple 

–  Lymphocytosis occurs in 32% of cats with 

myeloma, etc.). 

primary IMHA. Cats with primary IMHA 

–  New nomenclature has been proposed to 

have been shown to have a significantly 

reference  primary  IMHA  as  non- 

higher  lymphocyte  count  than  in  cats 

associative  IMHA  which  would  include 

with secondary IMHA. 

idiopathic  and  cryptogenic  causes, 

–  Spherocytosis is not identified in cats, as 

whereas associative IMHA would be used 

their erythrocytes are smaller and lack a 

to  refer  to  cases  where  an  underlying 

central pallor. 

comorbidity is identified. 

–  A diagnosis, or suspicion, of IMHA should 

4)  IMHA  may  be  accompanied  by  other 

prompt a thorough search for underlying 

immune- mediated  processes  (such  as 

causes. In addition to a CBC, biochemical 

immune- mediated  thrombocytopenia),  but 

profile,  and  urinalysis,  testing  should 

rarely  is  it  a  component  of  a  systemic 

include radiology and/or ultrasound, viral 

immune- mediated disease. 

serology (FeLV, FIV, etc.), and testing for 

5)  Clinical signs

hemobartonellosis  and  babesiosis  (smear 

–  The onset of signs is usually acute/suba-

examination,  polymerase  chain  reaction 

cute with severity correlating to the degree 

[PCR], etc.) and other parasites. 

of anemia. 

7)  Treatment

–  Signs  of  anemia  usually  predominate 

–  General  treatment  principles  apply. The 

with  splenomegaly  and  icterus  being 

guidelines  for  blood  transfusion  are  no 

common  findings.  A  fever  along  with 

different  from  those  for  other  forms 

other abnormal exam findings may be the 

of anemia. 

sign of an underlying disease. 

–  Management  of  any  underlying  cause 

6)  Diagnosis

identified. In the absence of an underly-

–  No  diagnostic  gold  standard  exists  for 

ing cause, empirical treatment for hemo-

IMHA in veterinary patients. 

bartonellosis should be instituted. 

–  Diagnosis of IMHA requires the presence 

–  Immunosuppression

of anemia in the face of signs suggestive 



●

Glucocorticoids  are  the  backbone  of 

of  immune- mediated  destruction  (ghost 

immunosuppressive  therapy  and 

cells on blood smear, autoagglutination, 

should be initiated without delay, fol-

titer of >1:16 in a DAT), treatment with 

lowing  diagnosis  and  evaluation  for 

immunosuppressives  and  ruling  out 

underlying neoplasia. 
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■ 

Therapy 

is 

initiated 

with 

Determination  of  trough  plasma 

prednisolone (1–2 mg/kg PO q12h). 

levels  is  generally  recommended 

If  a  parenteral  route  is  preferable, 

only for patients that do not respond 

dexamethasone may be substituted 

appropriately, or where overdose is 

(0.11–0.2 mg/kg IV or SC q12h). 

suspected.  Samples  are  collected 

■ 

Most  patients  with  regenerative 

12 hours  after  dosing,  just  prior  to 

IMHA show a response to glucocor-

the  next  dose.  The  recommended 

ticoid  therapy  within  5–7  days. 

therapeutic range is a trough cyclo-

Response is considerably slower in 

sporine 

concentration 

of 

patients 

with 

nonregenera-

250–500 ng/ml. 

tive forms. 



■

Mycophenolate  mofetil  is  a  purine 

■ 

Corticosteroids are continued at the 

inhibitor that has been reported to 

initial  dosage  until  the  hematocrit 

be  successful  in  the  treatment  of 

increases,  usually  a  minimum  of 

feline  IMHA.  It  has  a  maximum 

3–4 weeks. They are then gradually 

suggested  dose  of  10 mg/kg  PO  or 

tapered  (by  50%  every  3–4  weeks) 

IV q12. Blood levels can be variable 

according to response. 

and  unpredictable,  so  blood  moni-

● 

Adjunctive 

immunosuppres-

toring 

is 

recommended. 

sive therapy

Gastrointestinal  side  effects  are 

■ 

Indications

common, but  typically dose- related 



⚪ Intravascular hemolysis. 

and self- limiting. Hepatopathy and 



⚪ Autoagglutination. 

acute  pancreatitis  have  been 



⚪ Severe hyperbilirubinemia. 

reported which resolve after discon-



⚪ Unrelenting 

aggressive 

tinuation  of  the  medication.  The 

hemolysis. 

drug  also  has  the  potential  to  be 



⚪ Delayed  or  incomplete  response 

cytotoxic and myelosuppressive. 

to corticosteroids. 



■

Chlorambucil is an alkylating agent 



⚪ Unacceptable  adverse  effects  to 

of  the  nitrogen  mustard  group  that 

corticosteroids. 

prevents  DNA  replication.  Cells  of 



⚪ Relapse 

with  weaning  of 

the  immune  system  are  especially 

corticosteroids. 

vulnerable,  with  B  cells  as  the  pre-

■ 

Cyclosporine is the most appealing 

dominant targets. Reported doses are 

option  for  adjunctive  immunosup-

2 mg/cat PO EOD. It is a slow- acting 

pressive  therapy  in  cats,  as  it  is 

immunosuppressive, 

requiring 

rapid- acting  and  well- tolerated. 

2–4 weeks  to  reach  therapeutic  effi-

Cyclosporine is dosed at 4–6 mg/kg 

cacy.  The  most  common  adverse 

PO  or  IV  q12h  and  reaches  steady 

effect  is  bone  marrow  suppression 

state in 7 days. As bioavailability is 

which is generally mild and occurs 

reduced by food, the drug should be 

7–14 days after initiation of therapy. 

administered on an empty stomach 

Neurotoxicity  has  been  reported 

(1  hour  before  or  2  hours  after  a 

with overdose. 

meal). Gastrointestinal signs are the 



■

Azathioprine should not be used in 

most  common  adverse  effects. 

cats because of the potential for fatal 

Serious adverse effects are rare and 

toxicity. 

generally occur only with overdose 

–  Splenectomy  may  be  considered  in 

(hepatotoxicity, nephrotoxicity, and 

patients that do not respond to aggressive 

anaphylaxis  with  IV  adminis-

immunosuppressive therapy, or that have 

tration).  Secondary  infections  have 

intractable  drug- induced  side  effects. 

been  reported  including  toxo- 

There is little or no published data to sup-

plas mosis 

and 

salmonellosis. 

port  this  practice  in  cats,  but  there  are 

Malignancy  (lymphoma)  has  been 

anecdotal  reports  of  success.  Prior  to 

reported  with  long- term  use. 

splenectomy,  it  is  important  to  rule  out 
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tick- borne disease and ascertain marrow 

administered to decrease the risk of 

activity (via marrow examination). 

age- related storage lesions. 

–  Antithrombotic medications



●

Neonatal isoerythrolysis



●

Anticoagulant  and  antiplatelet  medi-



■

Occurs  in  type  A  or  type  AB  neo-

cations  are  utilized  with  IMHA,  as 

nates of type B queens after mating 

these patients tend to be hypercoagula-

with type A tomcats. Strong mater-

ble  and  have  an  increased  risk  of  a 

nal anti- A alloantibodies are trans-

thromboembolic  event.  Suspected 

ferred  via  colostrum,  resulting  in 

mechanisms  for  the  hypercoagulabil-

lysis  of  the  neonate’s  erythrocytes. 

ity  seen  include  platelet  activation, 

This  can  occur  even  in  primipa-

steroid  administration,  endothelial 

rous queens. 

injury, and vascular stasis. 



■

Clinical signs



●

Anticoagulants



⚪ Kittens  are  born  healthy;  signs 



■

Heparins act to increase the inhibi-

develop within hours to days. 

tory effects of antithrombin and are 

⚪  Peracute  death  may  occur  in 

used to prevent thrombi formation 

the  first  day  of  life  in  the 

within the venous system predomi-

absence of clinical signs. More 

nantly.  Low- molecular- weight  hep-

commonly, kittens stop nursing 

arin  (LMWH)  is  often  preferred 

and fail to thrive. Signs include 

over unfractionated heparin due to 

hemoglobinuria,  anemia,  and 

its  documented  efficacy  and  safety 

icterus.  Considered  to  be  a 

profile  in  cats.  Types  of  LMWH 

major  cause  of  fading  kitten 

include enoxaparin (0.75–1.0 mg/kg 

syndrome. 

SC q6h) and dalteparin (75–150 U/



⚪ Kittens  that  are  subclinical,  or 

kg  SC  q4–6h).  No  standards  for 

survive  the  acute  disease,  may 

monitoring  use  of  these  drugs  in 

develop tail- tip necrosis. 

cats have been established. 



■

Diagnosis



●

Platelet inhibitors



⚪ Basis  of  clinical  signs  and  con-



■

Platelet  inhibitors  theoretically 

firmed by blood typing the kitten 

serve more use for thrombi within 

and  the  queen.  Blood  typing  of 

the  arterial  system.  These  include 

all kittens is recommended. 

low- dose  aspirin  (1/4  of  an  81 mg 



⚪ Kittens  will  have  a  positive 

tablet  PO  q72h)  and  clopidogrel 

Coombs’ test. 

(18.75 mg  PO  q24h).  A  double- 



■

Treatment

blinded study showed clopidogrel to 



⚪ Type A or type AB kittens should 

be superior to aspirin in cats. 

be  removed  from  the  queen  for 



●

Hemolytic transfusion reactions

the first 2–3 days of life. During 



■

Isoantibodies  directed  against 

this time, they can be fed a milk 

erythrocyte antigens result in acute 

replacer or be foster- nursed by a 

or  delayed  hemolytic  transfusion 

type A queen. 

reactions. 



⚪ Severely  anemic  kittens  require 



■

Isoantibodies  occur  naturally  in 

blood  transfusions.  In  the  first 

cats,  necessitating  blood  typing  of 

3 days of life, wash type B blood, 

both the donor and recipient prior 

and  thereafter,  type  A  blood. 

to transfusion. 

Blood  is  washed  by  centrifuga-



■

Acute transfusion reactions occur in 

tion,  removal  of  the  plasma 

up to 22.9% of cats. Cats with a pre-

supernatant,  and  reconstitution 

vious transfusion history have a sig-

with normal saline. This wash-

nificantly higher risk of transfusion 

ing  procedure  is  generally 

reaction. 

repeated twice. 



■

The  more  recently  dated  blood 



⚪ Administration 

of  colostrum 

products available should ideally be 

during the first 12 hours of life. 
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● 

Hemobartonellosis  (feline   infectious 

should  also  be  evaluated  for  in 

anemia)

cats with IMHA or FeLV. 

■ 

Caused  by  the  epicellular  erythro-



⚪ Anemia  is  usually  regenerative, 

cyte 

organism, 

 Mycoplasma 

but  can  be  nonregenerative  if 

  hemofelis 

(previously 

named 

there is a coexisting disorder that 

 Hemobartonella  felis),  and  the  less 

results in chronic inflammation. 

pathogenic  species,  Mycoplasma 



⚪ Diagnosis is confirmed by organ-

 hemominutum. 

ism identification on blood smear. 

■ 

Infection appears to occur via blood-



◆

Samples  should  be  collected 

sucking ectoparasites and, possibly, 

prior to therapy. 

bite/scratch  wounds.  Newborns 



◆

Since  parasitemia  is  cyclic,  a 

may  become  infected  from  the 

negative test does not rule out 

queen.  Iatrogenic  infection  can 

the  disease.  Smear  examina-

occur  via  blood  transfusion  and 

tion should be repeated daily. 

contaminated  needles  or  surgical 



◆

Fresh  blood  must  be  used,  as 

equipment. 

the  organisms  are  epicellular 

■ 

The organism is opportunistic; it is 

and can be dislodged in EDTA. 

usually associated with other under-



◆

The  smear  should  be 

lying  diseases.  Approximately  50% 

well  fixed  prior  to  staining, 

of  cats  with  hemobartonellosis  are 

to 

avoid 

organism 

FeLV- positive.  Positive  correlation 

dislodgement. 

has also been shown with outdoor 



◆

Any  Romanowsky- type  stain 

access, male sex, and FIV. 

can  be  used  (e.g.,  Diff- Quik, 

■ 

Incubation  period  of  2–30 days. 

Wright— Giemsa,  etc.).  New 

Parasitemia is cyclic and can last for 

methylene blue staining is not 

weeks to months. Cats may remain 

appropriate, as organisms can 

subclinically  chronically  infected 

be  confused  with  other 

with recrudescence of anemia dur-

inclusions. 

ing  times  of  stress,  illness,  or 



◆

Organisms  appear  as  blue- 

immunosuppression. 

staining  ring,  rod,  or  coccoid 

■ 

Parasitized 

erythrocytes 

lose 

forms on the surface of eryth-

deformability and elicit an immune 

rocytes (Figure 29.5). 

response, resulting in phagocytosis. 

Hemolysis is usually extravascular. 

■ 

Clinical signs



⚪ Depend on the degree of anemia, 

the  stage  of  infection,  and  the 

immune status of the patient. 



⚪ Anemia  can  be  gradual  or 

precipitous. 



⚪ Icterus  is  rare.  Splenomegaly  is 

common. Cyclic fevers can occur 

during periods of parasitemia. 



⚪ With  chronic  disease,  weakness, 

weight  loss,  or  emaciation  may 

be seen. 

■ 

Diagnosis



⚪ Hemobartonellosis  should  be 

considered  in  any  cat  with  ane-

mia of any duration, particularly 

Figure 29.5   Mycoplasma hemofelis organisms on feline if  hemolysis  is  suspected.  It 

erythrocytes  Source: Courtesy of Dr. Raquel Walton, University of Pennsylvania. 
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⚪  PCR  tests  to  detect  mycoplasma 

intolerance 

(inappetence, 

DNA are reliable and more sensi-

vomiting,  diarrhea,  etc.),  ocu-

tive  and  specific  than  cytology. 

lar  toxicity  at  high  doses 

However,  a  positive  test  may 

(15 mg/kg),  and  cartilaginous 

indicate  a  carrier  state  or  infec-

damage when administered to 

tion with  M. hemominutum and 

young, growing animals. 

is not necessarily associated with 

◆  A  doxycycline  and  enrofloxa-

hemolytic anemia. 

cin drug combination may be 

⚪  In- saline 

agglutination  and 

helpful in refractory infections. 

Coombs’  tests  may  be  positive 



⚪ Corticosteroids  (e.g.,  predniso-

7–14 days after organisms appear 

lone) are controversial and clini-

in  blood  due  to  the  role  of 

cal  signs  often  resolve  without 

immune- mediated  erythrocytic 

their  use.  Immunosuppression 

destruction  in  this  disease. 

may enhance infection or induce 

Testing will remain positive dur-

recrudescence  of  bacteremia. 

ing  the  acute  phase  of  infection 

Further studies are required. 

and revert to negative in chroni-



⚪ Supportive care and blood trans-

cally infected animals. 

fusion (packed RBC) as indicated. 

⚪  Testing for associated conditions 



⚪ Parasitemia  typically  resolves 

(including FeLV) is imperative. 

rapidly  following  institution  of 



■

Treatment

appropriate  antibiotic  therapy, 

⚪  Antibiotic  therapy  for  a  mini-

and a clinical response is gener-

mum of 14 days:

ally seen within days. 

◆  Doxycycline (5 mg/kg PO or IV 



⚪ Antibiotics  do  not  entirely  clear 

twice  daily)  is  the  drug  of 

the infection; treated cats remain 

choice.  Due  to  the  risk  of 

carriers.  Relapses,  however,  are 

esophagitis  with  oral  doxycy-

uncommon. 

cline administration, the drug 



●

Babesiosis

should be delivered as a dilute 



■

 Babesia  species  that  infect  cats 

suspension.  The  most  com-

include   Babesia  felis,  Babesia  cati, 

mon adverse effects are gastro-

 Babesia leo, Babesia herpailuri, and 

intestinal 

(GI) 

irritation 

 Babesia  pantherae.  Babesia  is  usu-

(inappetence  and  vomiting). 

ally  transmitted  by  ticks,  but  the 

These  can  be  reduced  by 

vectors  for  cats  have  yet  to  be 

administration  with  food. 

identified. 

Dental  staining  can  occur  in 



■

Disease is reported in cats in Africa, 

young animals. IV doxycycline 

South  America,  the  Middle  East, 

must be diluted and adminis-

and Southern Asia. 

tered  slowly  via  continuous 



■

Organisms  are  intracellular  in  the 

rate  infusion.  Rapid  injection 

erythrocyte, resulting in intravascu-

can result in hypotension, col-

lar and extravascular hemolysis. 

lapse, and vomiting. 



■

Young cats are more predisposed to 

◆  Fluoroquinolones 

including 

infection in endemic areas, though 

enrofloxacin (5 mg/kg PO, SC, 

disease can be seen in immunocom-

or IV q24h) and marbofloxacin 

promised  older  cats.  Retroviral 

(2 mg/kg PO q24) may be used 

infections increase host susceptibil-

when tetracyclines are not tol-

ity. Coinfection with other erythro-

erated.  The  most  common 

cyte pathogens has been reported in 

adverse  effects  include  GI 

up to 30% of cases. 
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■ 

Splenectomized  cats  exhibit  more 

⚪  Primaquine  phosphate  (0.5 mg/

severe disease. 

kg PO q24 for 1–3 days or 1 mg/

■ 

Clinical signs

cat  IM  q36h  for  4  doses,  then 



⚪ Cats  usually  have  a  chronic  ane-

1 mg/cat every 7 days for 4 doses) 

mia,  which  may  be  severe,  but 

is  effective  and  treatment  is 

most cats adapt until stressed. 

always  recommended,  as  infec-



⚪ Fever  and  icterus  are  rare.  If 

tion  is  fatal  if  left  untreated. 

febrile,  a  concurrent  disease  is 

Extreme  caution  must  be  exer-

suspected. 

cised with dosing, as the thera-



⚪ Diarrhea 

and  splenomegaly 

peutic index is low (lethal dose is 

are common. 

1.0 mg/kg).  Adverse  effects 



⚪ Weight loss, weakness, poor hair 

include 

myelosuppression, 

coat, and pica may be seen  with 

hemolysis, 

and 

chronic disease. 

methemoglobinemia. 

■ 

Diagnosis



●

Cytauxzoonosis



⚪ Babesiosis  should  be  a  differen-



■

An  uncommon  disease  caused  by 

tial diagnosis in cats with a com-

intraerythrocytic 

parasite 

patible travel history and with a 

 Cytauxzoon  felis.  While  previously 

chronic  regenerative  hemo-

limited to the South- Central United 

lytic anemia. 

States,  it  has  expanded  north  to 



⚪ Definitive  diagnosis  depends  on 

Pennsylvania and North Dakota. 

demonstration  of  the  organism 



■

Bobcats  appear  to  be  the  natural 

within  erythrocytes  or  positive 

host  and  reservoir.  Ticks,  particu-

serologic testing. 

larly   Amblyomma  ticks,  serve  as 



◆

Parasitemia  may  be  low  in 

vectors. Infection commonly occurs 

chronically infected cats, mak-

in  spring  and  summer  when  tick 

ing  organism  identification 

vectors are active. 

difficult.  Yield  can  be 



■

Course of infection has 2 phases: an 

improved by:

erythrocytic  phase  in  which  mero-



❖

Smear  preparation  from 

zoites infect erythrocytes, leading to 

capillary  blood  collected 

severe  intravascular  hemolysis  and 

from the ear tip or nail bed. 

a tissue phase in which monocytes 



❖

Romanowsky  or  Giemsa 

and macrophages are infected. 

stains are recommended. 



■

Traditionally considered a fatal dis-



❖

Examination  of  erythro-

ease  in  cats.  However,  recent  evi-

cytes in the feathered edges 

dence  has  demonstrated  cats  as 

of multiple blood smears. 

healthy carriers that have never had 



◆

Organisms 

are 

intra- 

clinical signs. 

erythrocytic  and  basophilic. 



■

Clinical signs

 B.  felis  and   B.  cati  appear  as 

⚪  Anemia,  fever,  icterus,  pigmen-

small,  single,  or  paired  annu-

turia,  respiratory  difficulty,  etc. 

lar bodies;  B. herpailuri appear 

May  see  splenomegaly,  hepato-

as large piriform bodies. 

megaly, and lymphadenomegaly. 



⚪ Serum  PCR  assays  are  the  most 

Organ  dysfunction,  particularly 

sensitive  and  specific  means 

pulmonary, is common. Systemic 

of  detecting  active  Babesia 

inflammatory  response  syn-

infections. 

drome  (SIRS),  sepsis,  and  dis-



⚪ Cats  with  B .  felis  infections  may 

seminated 

intravascular 

have  elevated  serum  ALT  and 

coagulopathy 

(DIC) 

may 

total bilirubin concentrations. 

develop. 

■ 

Specific treatment
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⚪  The disease is rapidly progressive, 

generally  leading  to  death 

within a week. 

■ 

Diagnosis

⚪  Should be considered a differen-

tial diagnosis in the cat that has 

access to tick- infested areas, and 

becomes depressed, febrile, ane-

mic, and possibly icteric. 

⚪  Diagnosis is confirmed by organ-

ism  identification  on  Wright  or 

Diff- Quik  stained  blood  smear. 

Infection is usually low (1–2 piro-

plasms  in  <5%  of  erythrocytes). 

Organisms  appear  as  basophilic 

cocci, rings with eccentric nuclei 

(signet ring), or oblong rings with 

bipolar nuclei (Figure 29.6). Can 

Figure 29.7  Bone marrow aspirate of a cat with cytauxzoonosis be misidentified as  C. felis by less 

 Source: Courtesy of Dr. Raquel Walton, University of 

experienced individuals. 

Pennsylvania. 

⚪  The tissue phase of the organism 

may  be  demonstrated  on  aspi-



■

Treatment

rates  or  impression  smears  of 

⚪  Treatment 

of 

choice 

is 

bone  marrow,  spleen,  liver,  or 

atovaquone (15 mg/kg PO q8 for 

lymph node (Figure 29.7). 

10 days), alongside azithromycin 

⚪  PCR assays are the most sensitive 

(10 mg/kg  PO  q24  for  10 days) 

diagnostic  test  on  whole  blood 

and supportive therapy. This pro-

samples. 

tocol reported a 64% survival rate. 

⚪  Serologic  tests  are  not  practical 

⚪  Mortality  is  high,  even  with 

for  disease  diagnosis  due  to  ill-

therapy. 

ness 

preceding 

antibody 



●

Heinz body anemia

formation. 



■

Heinz bodies are aggregates of pre-

cipitated  hemoglobin,  attached  to 

the internal surfaces of RBC mem-

branes.  They  result  from  oxidative 

damage of globin sulfhydryl groups. 



■

In normal, healthy cats, Heinz bod-

ies  should  not  be  present  in  more 

than  5%  of  erythrocytes.  Increased 

numbers occur readily in numerous 

situations  because  feline  hemo-

globin  is  very  susceptible  to  dena-

turation by oxidants, and the spleen 

is inefficient in Heinz body removal. 



■

The  presence  of  increased  Heinz 

bodies, even in high concentrations, 

is  not  necessarily  associated 

with anemia. 



■

Heinz bodies may result in prema-

ture phagocytosis of affected eryth-

Figure 29.6   Cytauxzoon felis organisms on feline erythrocytes Source: Courtesy of Dr. Raquel Walton, University of 

rocytes  and  hemolysis.  Hemolysis, 

Pennsylvania. 

when  it  occurs,  is  primarily 

[image: Image 100]
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extravascular. 

Intravascular 

evident  when  concentrations 

hemolysis is less common. 

reach >15% of total hemoglobin, 

■ 

Causes of Heinz bodies:

but serious clinical signs are not 



⚪ Drug- induced. Oxidant drugs are 

usually  appreciated  until  a  con-

likely  to  cause  an  acute  anemia 

centration of 40%. These include 

due  to  the  rapid  rate  of  forma-

chocolate- brown  mucous  mem-

tion.  While  known  to  result  in 

branes,  lethargy,  dyspnea,  and 

Heinz body production, propofol 

exercise intolerance, and can pro-

has recently been documented to 

gress to stupor, coma, and death. 

result 

in 

clinical 

Heinz 

Cats  with  acetaminophen  toxic-

body anemia. 

ity also exhibit facial swelling. 



⚪ Diet- induced.  Anemia  is  not 

■ 

Diagnosis

always present. When it occurs, it 



⚪ Anemia  is  usually  regenerative 

is generally mild or moderate. An 

and  ranges  from  subclinical 

exception is onion toxicity, which 

to severe. 

can  cause  significant  anemia. 



⚪ The clinical history should eluci-

Onions  can  be  ingested  in  raw, 

date  the  potential  for  drug-  or 

cooked, dehydrated, or powdered 

diet- associated oxidants and con-

forms.  The  latter  is  common  in 

current diseases. 

baby food. The rate and percent-



⚪ Heinz  bodies  are  confirmed  by 

age of Heinz body formation are 

blood 

smear 

examination 

dose- dependent. 

(Figure 29.8). 



⚪ Disease- associated. 

Numerous 



◆

They can be easily missed with 

diseases can result in significant 

routine  staining,  where  they 

Heinz  body  formation.  Most 

appear  as  pale  inclusions 

notable  is  diabetic  ketoacidosis, 

within  erythrocytes,  or  as 

which  can  result  in  up  to  80% 

bulges from the surface. 

Heinz bodies. A mild to moderate 

anemia  generally  occurs,  but  is 

seldom  acute.  Lymphoma  and 

hyperthyroidism  have  also  been 

indicated. 

■ 

Severe  drug- induced  Heinz  body 

anemia may also be associated with 

methemoglobinemia. 



⚪ Methemoglobin  is  formed  when 

the heme moiety of hemoglobin 

is oxidized to the ferric form. 



⚪ Exposure  to  oxidant  drugs  can 

result  in  significant  methemo-

globinemia, with or without ane-

mia. Methemoglobin is unable to 

bind  oxygen,  resulting  in 

hypoxemia. 



⚪ Methemoglobinemia  may  also 

develop  secondary  to  hereditary 

a

b

causes,  such  as  a  CYB5R  defi-

ciency, and should be considered 

Figure 29.8  Heinz bodies. (a) Diff- Quik- stained blood smear, in any cat with a chronic history 

showing Heinz bodies evident as pale bulges from the 

of weakness and cyanosis. 

erythrocyte surface. (b) New methylene blue staining of a blood 

smear from the same cat. Heinz bodies are evident as dark blue 



⚪ Clinical 

signs 

of 

inclusions on the periphery of the erythrocytes  Source: Courtesy methemoglobinemia: cyanosis is 

of Dr. Elizabeth Spangler, Oregon State University. 

[image: Image 101]
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◆  They  are  readily  visualized  as 

⚪  In  cases  of  severe  drug- induced 

dark,  refractile  inclusions  in 

hemolytic  anemia,  the  patient 

new  methylene  blue  “wet” 

should  be  evaluated  for 

preparations. Rapid evaluation 

methemoglobinemia:

can  be  achieved  by  placing  a 

◆  A  simple  spot  test  can  detect 

drop  of  new  methylene  blue 

clinically important methemo-

on  a  dried  blood  smear  and 

globinemia. If a tube of blood, 

covering it with a coverslip. 

or  a  drop  of  blood  on  filter 

◆  The  presence  of  eccentrocytes 

paper,  remains  brown  after 

(Figure  29.9),  erythrocytes  in 

exposure to air, compared to a 

which the hemoglobin is con-

control sample that turns red, 

centrated  on  one  side  of  the 

methemoglobin concentration 

cell,  is  suggestive  of  oxi-

exceeds 10%. 

dant injury. 

◆  Accurate quantification can be 

◆  A  high  percentage  of  Heinz 

performed  by  commercial 

bodies do not necessarily cor-

laboratories. 

respond  to  significant  hemo-

◆  CO- oximetry  allows  charac-

lytic  anemia  in  the  cat. 

terization  of  methemoglobin, 

Conversely, 

drug- induced 

as  it  has  a  peak  light  absorb-

Heinz  bodies  can  result  in  a 

ance of 630 nm. 

severe  life- threatening  ane-



■

Treatment

mia. It is important, therefore, 

⚪  The  oxidant  source  should  be 

that the number of Heinz bod-

removed where possible. 

ies  be  interpreted  in  the  light 

⚪  Supportive  therapy,  including 

of  other  clinical  findings: 

blood  transfusion  (packed  red 

severity  of  anemia,  history, 

cells), as indicated. 

and exclusion of other causes 

⚪  If severe intravascular hemolysis 

of anemia. 

is present, intravenous fluid ther-

apy  should  be  administered  to 

ameliorate 

the 

risk 

of 

h e m o g l o b i n u r i a -  i n d u c e d 

nephrosis. 

⚪  The hematocrit or PCV should be 

closely  monitored  because  the 

nadir  is  not  generally  reached 

until  several  days  after  oxidant 

exposure. 

⚪  Following oxidant removal/with-

drawal,  Heinz  bodies  disappear 

gradually over 1–4 weeks. 



●

Methemoglobinemia



■

Oxygen supplementation is of lim-

ited benefit, as the methemoglobin 

cannot bind oxygen. 



■

Routine decontamination should be 

attempted  after  a  recent  known  or 

suspected  ingestion  alongside  acti-

vated charcoal. 



■

Mild to moderate methemoglobine-

mia  does  not  require  specific  ther-

Figure 29.9  Eccentrocytes, characterized by the eccentric 

distribution of hemoglobin within the erythrocyte 

apy  to  reduce  the  methemoglobin 

 Source: Courtesy of Dr. Elizabeth Spangler, Oregon State University. 

content.  If  the  oxidant  source  is 
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eliminated, erythrocytes can reduce 

Toxicity,  however,  can  occur  via 

the methemoglobin within 24 hours. 

ingestion of topical protectants. 

■ 

Ascorbic  acid  (30 mg/kg  PO  q6h) 



■

Toxic  concentrations  of  zinc  result 

should be administered to assist in 

in severe intravascular hemolysis and 

the reduction of methemoglobin to 

gastrointestinal  irritation.  Acute 

hemoglobin. 

renal  failure  can  result  from  mas-

■ 

Severe methemoglobinemia can be 

sive  hemoglobinuria.  Pancreatitis 

corrected  via  a  single  administra-

and  acute  arthritis  have  also  been 

tion  of  methylene  blue.  However, 

reported. 

the  drug  has  the  potential  to 



■

Diagnosis

actually  cause  Heinz  bodies  and 



⚪ Zinc  toxicity  should  be  consid-

exacerbate  anemia.  Delayed  reac-

ered  in  the  patient  with  acute 

tions may occur, so HCT and blood 

hemolytic anemia without auto-

smears  should  be  monitored  daily 

agglutination  or  morphological 

for 3–4 days after administration. It 

abnormalities on blood smear. 

is  considered  contraindicated  in 



⚪ Hemoglobinemia  and  hemoglo-

cats  by  some  clinicians.  It  should 

binuria are common. 

only be used with extreme caution, 



⚪ Reticulocytosis  may  or  may  not 

and  only  when  absolutely  neces-

be  present,  depending  on  the 

sary. Methylene blue 1% solution is 

duration of hemolysis. 

given  at  1.0 mg/kg  via  slow  IV 



⚪ A tentative diagnosis is based on a 

injection,  once  only.  A  dramatic 

history of exposure, the presence 

response  should  be  seen  30 min-

of  intravascular  hemolysis,  and 

utes  after  administration.  Avoid 

the  exclusion  of  other  causes 

concurrent 

use 

with 

of such. 

N- acetylcysteine (NAC). 



⚪ Metal- dense  foreign  objects  can 

■ 

In cats with acetaminophen toxicity, 

sometimes  be  seen  radiographi-

NAC  should  be  administered. This 

cally,  but  their  absence  should 

provides  an  alternate  substrate  for 

not exclude a diagnosis. 

one  of  the  active  metabolites  of 



⚪ Definitive  diagnosis  requires  the 

acetaminophen.  Moreover,  it  pro-

presence  of  convincing  clinical 

vides cysteine, to restore glutathione 

signs  or  an  elevated  blood  zinc 

synthesis.  It  has  been  shown  to 

concentration.  Samples  should 

halve the half- life of acetaminophen 

be  submitted  in  special  trace 

in  cats  and  is  most  effective  when 

mineral  tubes  to  avoid  contami-

administered  within  12 hours  of 

nation from rubber stoppers and 

ingestion. A loading dose of 140 mg/

erroneous  results.  Due  to  the 

kg  is  given  IV  in  D5W,  or  PO,  fol-

high  mortality  associated  with 

lowed  by  70 mg/kg  PO  q6–8h  for 

this  condition,  these  cases  are 

3–7 days. 

serious  emergencies  and  treat-

■ 

Use of Silymarin at a dose of 30 mg/

ment  should  not  be  delayed 

kg PO q24 was also demonstrated to 

pending results. 

have  similar  therapeutic  effects 



■

Treatment

when compared to NAC in a popu-



⚪ If  a  foreign  body  is  present,  it 

lation  of  cats  who  were  adminis-

should  be  removed  (via  endos-

tered acetaminophen. 

copy  or  laparotomy)  following 

● 

Zinc toxicity

stabilization of the patient. 



■

Less common in cats compared with 



⚪ Appropriate  fluid  therapy,  based 

dogs due to their more discriminat-

on  perfusion  parameters  and 

ing eating habits. They are unlikely to 

renal function. 

ingest  pennies,  zinc  nuts,  or  bolts. 



⚪ Packed red blood cells should be 

transfused as necessary. 
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⚪  H2- receptor  antagonists  are  rec-

microangiopathy.  May  also  see 

ommended  to  decrease  leaching 

keratocytes and acanthocytes. 

of  zinc  from  the  source  (e.g., 



⚪ Elimination  of  other  causes 

famotidine 0.5 mg/kg PO, SC, or 

of anemia. 

dilute IV, q12–24h). 



■

Treatment

⚪  Chelation  therapy  remains  con-



⚪ Besides  supportive  care,  treat-

troversial, as it increases elimina-

ment  is  directed  at  the  underly-

tion and speeds recovery, but also 

ing disease. 

carries  risk  to  the  patient. 



⚪ Prognosis  is  guarded  to  poor 

Calcium  disodium  ethylenedi-

unless  the  underlying  condition 

amine tetra- acetic acid (CaEDTA) 

is corrected. 

may be initiated at 25 mg/kg, as a 



●

Hypophosphatemia

1% solution in 5% dextrose water, 



■

Patients  are  rarely  presented  for 

SC q6h for 3 days. This is achieved 

hypophosphatemic 

anemia. 

by  diluting  1 ml  EDTA  (200 mg/

Hypophosphatemia 

generally 

ml) with 19 ml 5% dextrose water. 

occurs  in  hospitalized  patients, 

The  resulting  solution  adminis-

resulting  in  anemia  and  increased 

tered  at  2.5 ml/kg.  EDTA  is 

morbidity. 

nephrotoxic  and  can  exacerbate 



■

Causes

zinc- induced nephrotoxicity. It is 



⚪ Diabetes mellitus. 

contraindicated  in  patients  with 



⚪ Hepatic lipidosis. 

anuria and should be used with 



⚪ Insulin therapy. 

caution  in  patients  with  renal 



⚪ Starvation- refeeding 

syndrome 

failure or on concurrent therapy 

(enteral or parenteral). 

with  potentially  nephrotoxic 



⚪ Phosphate- binding 

antacids 

drugs. Therapy may also increase 

(rare). 

absorption  of  zinc  from  the 



⚪ Malabsorption. 

intestines. 



⚪ Hemodialysis. 

⚪  The  prognosis  for  complete 



⚪ Respiratory alkalosis. 

recovery is good with timely and 



⚪ Idiopathic. 

aggressive intervention. 



■

Decreased  serum  phosphorus  is 



●

Microangiopathic anemia

generally evident 24 hours after ini-



■

Numerous  conditions  can  cause 

tiation of therapy, but may continue 

physical  damage  to  erythrocytes, 

to decline thereafter. 

resulting  in  fragmentation  and 



■

Depletion of ATP results in erythro-

hemolysis. This is most commonly 

cytic  damage  and  intravascular 

seen  with  shearing  of  the  RBC 

hemolysis. It can also result in myo-

membrane in small vessels. 

pathy and neurologic dysfunction. 



■

Microangiopathic hemolysis is usu-



■

Clinical signs

ally  mild  and  subclinical.  Signs  of 



⚪ Mild  to  moderate  hypophos-

the 

underlying 

disease 

phatemia 

is 

typically 

predominate. 

asymptomatic. 



■

Diagnosis is based on the following:



⚪ Acute  hemolytic  anemia:  weak-

⚪  Identification  of  an  underlying 

ness,  pallor,  sometimes  icterus, 

trigger condition. 

and/or hemoglobinuria. 

⚪  Identification  of  schistocytes  on 



⚪ Neuromuscular signs: weakness, 

blood smear examination. These 

tremors, muscle pain, disorienta-

erythrocyte  fragments  appear  as 

tion, 

ataxia, 

convulsions, 

small,  misshapen,  often  helmet- 

and coma. 

shaped,  or  triangular  structures. 



⚪ Gastrointestinal  signs:  anorexia, 

They  are  significant  when  pre-

nausea,  vomiting,  diarrhea,  and 

sent,  but  are  not  specific  for 

functional ileus. 
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■ 

Diagnosis

concentrations should prompt 



⚪ Hypophosphatemia  should  be 

IV 

phosphate 

suspected  if  acute  anemia  (or 

supplementation. 

acute  worsening  of  anemia) 



◆

Serum  phosphorus  should  be 

occurs in the ketoacidotic patient 

measured 24 hours after initia-

following initiation of therapy or 

tion  of  therapy  in  patients  at 

in  the  patient  with  lipidosis  or 

risk. Hypophosphatemia and a 

starvation following refeeding. 

significant  decline  are  indica-



⚪ Hemoglobinemia  is  usually  evi-

tions for supplementation. 

dent;  less  commonly,  gross 



◆

Close monitoring of PCV and 

hemoglobinuria. 

mucous  membranes,  and 



⚪ Diagnosis is confirmed via serum 

observation  of  plasma  for 

phosphorus 

determination 

hemoglobinemia. 

(<2.5 mg/dl). This can underesti-

b)  Hemorrhagic anemia

mate  the  phosphate  depletion 

i)  Acute blood loss

and  may  be  erroneously  higher 

1)  Acute blood loss reduces both the RBC mass 

due  to  hemoglobinemia  and 

and the circulating volume. 

hyperbilirubinemia.  Signs  of 

2)  Blood loss constituting less than 20% of the 

hemolysis  are  typically  not 

total blood volume is generally well toler-

observed until serum concentra-

ated.  When  loss  exceeds  20%,  the  body’s 

tions drop below 1 mg/dl. 

compensatory  mechanisms  become  acti-

■ 

Treatment

vated.  Initial  compensatory  responses 



⚪ Intravenous supplementation, as 

attempt  to  maintain  perfusion  to  vital 

potassium  phosphate  or  sodium 

organs (see Chapter 3— Shock). These com-

phosphate,  at  0.01–0.06 mM/

pensatory  responses  are  initiated  by  spe-

kg/h,  infused  over  6  hours.  As 

cialized  stretch  receptors  in  the  aorta  and 

both  solutions  are  hypertonic, 

carotid arteries called baroreceptors. A neu-

dilution  is  required  prior  to 

ral  signal  is  sent  to  the  adrenal  medulla 

administration. Calcium- free flu-

when  decreased  circulating  volume  is 

ids should be used to prevent pre-

detected,  which  initiates  a  sympathetic 

cipitation  of  insoluble  calcium 

response  by  releasing  epinephrine.  This 

phosphate salts. Serum phospho-

response  includes  tachycardia,  increased 

rus concentration should be reas-

contractility,  and  peripheral  vasoconstric-

sessed  following  infusion,  and 

tion  (resulting  in  pallor  and  a  prolonged 

the  infusion  repeated  as 

capillary  refill  time).  As  loss  exceeds 

necessary. 

30–40%, cardiac output and blood pressure 



⚪ Oral  supplementation  is  suffi-

decrease,  resulting  in  hypoperfusion, 

cient when hypophosphatemia is 

shock, and, ultimately, death. 

mild and subclinical, where fur-

3)  If  blood  loss  is  rapid,  cardiovascular  col-

ther  decline  is  not  anticipated, 

lapse can occur before any changes in PCV 

and  if  the  patient  is  eating  and 

and TP. If loss is gradual, fluid shifts occur 

not vomiting. This is achieved via 

into the vascular compartment to maintain 

milk  or  commercial  phosphate 

vascular  volume,  resulting  in  decreased 

products (0.5–2.0 mM/kg/day). 

PCV and TP. In the absence of fluid therapy, 

■ 

Prevention. 

these shifts, and the associated drop in PCV, 



⚪ The clinician should predict clin-

are gradual (2–3 days). The PCV, therefore, 

ical  situations  in  which 

can  underestimate  the  extent  of 

hypophosphatemia  is  likely  to 

hemorrhage. 

occur. In such patients:

4)  Marrow  response  to  anemia  takes  sev-



◆

Serum  phosphorus  should  be 

eral days, so the initial anemia is nonregen-

measured  prior  to  therapy. 

erative. Aggregate reticulocytosis is evident 

Borderline  or  low- normal 

by 2–4 days. 
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5)  Diagnosis:

ii)  Chronic  blood  loss— iron  deficiency  ane-

–  Acute,  external  hemorrhage  is  usually 

mia (IDA)

obvious. The  extent  and  severity  should 

1)  With  chronic  internal  blood  loss,  iron  is 

be  assessed  via  evaluation  of  perfusion 

recycled,  and  an  iron  deficiency  does  not 

parameters. 

occur. The anemia is regenerative, the mag-

–  Internal  hemorrhage  should  be  consid-

nitude depending on the extent of blood loss 

ered  in  any  patient  with  hypoperfusion 

and of marrow response. 

and/or  acute  anemia.  Potential  sites  of 

2)  Chronic  external  blood  loss  results  in  iron 

significant blood loss include the gastro-

loss and eventual deficiency. Iron deficiency 

intestinal  tract,  abdominal  cavity,  tho-

leads to excessive cell division of erythroid 

racic  cavity,  retroperitoneal  space,  and 

precursors  and  the  production  of  smaller 

musculofascial  planes.  The  clinician 

erythrocytes (microcytosis). 

should be aware that melena may not be 

3)  In contrast to humans, iron deficiency ane-

evident  for  several  days  following  GI 

mia  is  usually  regenerative.  In  the  most 

hemorrhage. 

advanced stages, a nonregenerative anemia 

6)  Treatment

may occur. 

–  Four main goals in management

4)  Young, nursing kittens are particularly sus-



●

Control of hemorrhage. 

ceptible to iron deficiency from any type of 



●

Provision of red cells and coagulation 

blood loss, as stores are low and milk con-

factors. 

tains little iron. 



●

Intravascular volume replacement via 

5)  Causes of external loss

fluid therapy. 

–  Gastrointestinal  loss  (most  common): 



●

Treatment of the underlying disorder. 

parasitism, ulcers, neoplasia, malabsorp-

–  With  acute,  substantial  blood  loss,  the 

tion, etc. 

effects of hypoperfusion are more critical 

–  Hematuria. 

than  those  of  a  reduced  red  cell  mass. 

–  Severe flea infestation, in kittens or very 

Initial  treatment,  therefore,  must  be 

small cats. 

directed  toward  intravascular  volume 

–  Iatrogenic anemia due to phlebotomy has 

expansion  and  reestablishment  of  ade-

been documented to be common in criti-

quate perfusion. There is no rationale to 

cally ill cats. 

withhold fluid therapy in these patients; 

6)  Clinical signs

hypoperfusion will only serve to exacer-

–  Anemia is generally insidious occurring 

bate  the  tissue  hypoxia.  Fluid  choice 

over  weeks  and  allowing  remarkable 

(crystalloid/colloid)  and  administration 

adaptation. 

rate depend on the severity and rapidity 

–  Pica  is  a  classical  manifestation,  exhib-

of hemorrhage, the clinical status of the 

ited by the eating of cat litter or dirt. 

patient, and whether other concomitant 

–  Signs  relating  to  the  primary  disorder 

injuries  are  present  (see  Chapter  3—

may be evident. Melena, however, is often 

Shock & Chapter 8—Fluid Therapy). 

intermittent or occult. 

–  The transfusion trigger may be difficult to 

7)  Diagnosis

determine,  because  the  PCV  and  TP  do 

–  CBC

not  accurately  reflect  the  extent  of  loss 

● 

MCV is generally normal initially. If 

until intravascular volume is normalized. 

deficiency  persists,  microcytic  cells 

Moreover,  hypoperfusion  contributes  to 

constitute  a  significant  portion  of 

the  hypoxia.  Transfusion,  therefore, 

the  RBC  population,  and  MCV 

should  be  based  on  the  status  of  the 

decreases. 

patient, not the PCV. 



■

Some  electronic  counters  may  not 

–  After  control  of  hemorrhage,  red  cell 

count microcytic cells, resulting in a 

mass  generally  returns  to  normal 

spuriously  normal  or  increased 

over 1–2 weeks (unless transfusion[s] has 

MCV (an erythrocyte histogram will 

been given). Iron supplementation is not 

provide  evidence  that  this  has 

required. 

occurred). 
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■ 

A  decreased  MCV  may  not  be  evi-

–  Iron supplementation

dent in the neonate, as the MCV is 

● 

Oral  supplementation  (ferrous  sul-

normally higher at birth. 

fate (50–100 mg PO q24h)) is prefera-

■ 

Marked  microcytosis  is  almost 

ble.  Gastrointestinal  intolerance  is 

pathognomonic for iron deficiency. 

the  primary  adverse  effect.  Division 

Mild microcytosis may be seen with 

of  the  daily  dosage  may  ameliorate 

other conditions, for example, AID, 

this effect, but dosage reduction may 

portosystemic shunt. 

be  necessary  in  some  patients. 

● 

A  decreased  MCHC  is  rarely  present 

Supplementation  should  be  contin-

in cats. 

ued beyond correction of hematocrit 

● 

Red  cell  distribution  width  (RDW) 

and  erythrocyte  parameters,  to 

may be high, reflecting the presence of 

replenish  iron  stores.  This  may  take 

microcytes  together  with  normal 

several  months.  Oral  iron  should  be 

erythrocytes. 

avoided  in  neonates  during  the  first 

● 

Thrombocytosis can occur. 

week  of  life,  due  to  potential  for 

–  Reticulocyte count: absolute reticulocyto-

liver injury. 

sis generally occurs. As the magnitude of 

● 

Injectable iron dextran (10 mg/kg IM 

depletion  increases,  reticulocytosis 

q3–4 weeks) may be used if oral ther-

decreases. 

apy is ineffective or results in adverse 

–  Hypochromia  is  usually  not  evident  on 

effects, if the patient is uncooperative, 

blood smear examination in cats. 

or  if  the  owner  is  unwilling  to  give 

–  Bone marrow is characterized by mild to 

oral  preparations.  Injections,  how-

moderate 

erythroid 

hypoplasia. 

ever, are painful and irritating. 

Evaluation for stainable iron is of limited 

● 

Blood  transfusion  is  an  excellent 

value in the cat, as normal cats store only 

source  of  iron,  but  use  should  be 

small amounts of iron in the marrow. 

restricted  to  severely  anemic 

–  Iron parameters

patients. 

● 

Serum iron concentrations are low, but 

this can occur in other disorders. 

c)  Decreased and ineffective erythropoiesis

i)  Extramarrow disorders

● 

Total  iron- binding  capacity  (TIBC)  is 

usually  normal  or  slightly  increased; 

1)  AID

transferrin  saturation  (TSAT)  is 

–  AID  (formerly  known  as  anemia  of 

decreased. 

chronic  disease)  is  a  nonregenerative 

anemia  that  often  accompanies  inflam-

● 

Serum ferritin concentration is usually 

low.  Since  ferritin  is  an  acute  phase 

matory and neoplastic disorders. 

protein,  concentrations  may  increase 

–  The  major  pathophysiological  feature 

in inflammatory conditions. 

involves a deficiency in functional iron. 

–  Additional  features  include  mediators 

● 

Iron parameters are affected by trans-

fusions,  iron  supplements,  and  corti-

that  inhibit  erythropoiesis,  decreased 

costeroid administration. 

serum  iron,  a  blunted  erythropoietin 

–  Investigation of underlying disease. This 

(EPO)  response,  and  decreased  erythro-

should  include  evaluation  for  intestinal 

cyte life span. 

and urinary sources of blood loss. Since 



●

Serum  EPO  concentrations  in  experi-

melena may not be grossly apparent, test-

mentally  induced  feline  AID  models 

ing  for  fecal  occult  blood  may  be 

were either within the reference inter-

necessary. 

val or were slightly increased suggest-

8)  Treatment

ing  that  EPO  concentration  may  be 

–  Correction of the underlying cause. 

less important for development of AID 

–  Supportive care. 

in felines compared to the bone mar-

–  Blood transfusion, if anemia is severe and 

row’s response to EPO. 

the patient sufficiently compromised, or 

–  Clinical  signs  vary  depending  on  the 

if surgery is to be performed. 

underlying 

disorder. 

Presenting 
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complaints are seldom directly related to 

circulating toxins that suppress erythro-

the  anemia,  but  anemia  may  be 

poiesis or reduce RBC life span, AID, gas-

contributory. 

trointestinal 

ulceration, 

and/or 

–  Hepcidin  is  a  hormone  produced  by 

thrombopathia. EPO appears to play less 

hepatocytes  which  is  believed  to  be  the 

of a role in the pathogenesis of anemia in 

key mediator of AID. It binds to ferropor-

cats  compared  to  dogs.  Cats  with  renal 

tin, the only known cellular iron exporter, 

failure may have a normal or only mod-

which  results  in  its  degradation,  thus 

estly decreased EPO concentration. 

blocking the absorption of iron. 

–  A  functional  iron  deficiency  has  been 

–  Diagnosis:

proposed  as  a  contributing  mechanism 



●

CBC and reticulocyte count

for  the  development  of  anemia  in  cats 



■

Mild  or  moderate,  nonregenera-

with chronic kidney disease. 

tive anemia. 

–  Diagnosis



■

MCV is usually in the low end of the 



●

A nonregenerative anemia in a patient 

reference range, but may be mildly 

with  significant  renal  failure  is 

decreased. 

suggestive. 



■

MCHC and RDW are normal. 



●

Other  causes  of  anemia  should  be 



●

Serum  iron  and  TIBC  are  normal  or 

excluded, particularly if the degree of 

decreased. Serum ferritin is normal or 

anemia is disproportionate to the mag-

increased. 

nitude and duration of renal failure. 

–  Treatment: The anemia is reversible with 



●

Measurement of plasma EPO concen-

effective  treatment  of  the  underlying 

tration  is  useful  to  determine  patho-

disorder. 

genesis and predict potential response 

2)  Iron deficiency anemia

to EPO therapy. 

–  Severe iron deficiency can result in non-

–  Treatment

regenerative  anemia  and  marrow  hypo-



●

Management  of  the  renal  disease 

plasia (see in the earlier text). 

and uremia. 

–  Pure IDA is characterized by a decrease 



●

Blood  transfusion  if  the  anemia  is 

in MCV and MCHC, moderate to marked 

severe  and  the  patient  has  associated 

thrombocytosis, and an increase in RDW. 

compromise. 

–  Distinguishing between a functional and 



●

Erythrocyte- stimulating  agents  (ESA) 

an absolute iron deficiency can be chal-

therapy has become standard of care in 

lenging. Iron indices can help differenti-

chronic  renal  disease  management. 

ate a functional deficiency (characterized 

The  two  agents  most  commonly  uti-

by  a  decrease  in  TSAT  with  normal  to 

lized include recombinant human epo-

increased  serum  ferritin  concentration) 

etin  alfa  (EA,  approximately  80% 

from  an  absolute  deficiency  (character-

homology to feline EPO) and darbepo-

ized by a decreased TSAT with decreased 

etin  alfa  (DA,  a  hyperglycosylated 

serum ferritin concentration). 

recombinant human EPO analog). Use 

–  Reticulocyte  hemoglobin  content  (CHr) 

of DA is preferred, as it is significantly 

was found to be most predictive of iron 

less likely to induce pure red cell apla-

deficiency in cats, with lower CHr corre-

sia.  Up  to  50%  of  cats  can  develop 

sponding  to  cats  with  decreased  serum 

hypertension as an adverse effect and 

iron concentrations. 

40% of cats may fail to respond to ther-

3)  Anemia of renal failure

apy. It can also result in the develop-

–  Nonregenerative  anemia  is  relatively 

ment of antibodies after several weeks 

common in cats with renal failure, more 

of use. Therefore, it is only indicated if 

so  with  chronic  renal  failure,  with  a 

the patient has clinical signs related to 

reported occurrence of 57%. It is usually 

the anemia or is significantly affected 

mild to moderate, but can be severe. 

(PCV < 20%). DA therapy is initiated as 

–  The pathophysiology is complex and may 

a  weekly  1 μg/kg  dose  administered 

include  EPO  deficiency,  presence  of 

subcutaneously  until  the  PCV  >25% 
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which  can  generally  take  2–3  weeks. 

and  immune- mediated  disease.  If  FeLV 

The dose is then tapered to a mainte-

blood serology is negative, IFA should be 

nance dose every 2–3 weeks based on 

performed on marrow aspirate samples. 

PCV trend. The lowest possible main-

–  General treatment principles:

tenance  dose  should  be  used. 



●

Supportive  care  includes  fluid  and 

Treatment  should  not  be  initiated  in 

electrolyte  therapy  to  maintain  ade-

patients  with  hypertension  or  iron 

quate  hydration  and  electrolyte  bal-

deficiency  until  these  problems  have 

ance  and  nursing  care  to  ensure 

been  corrected.  Blood  pressure  and 

comfort. 

serum iron should be monitored dur-



●

Blood transfusion, if indicated. 

ing therapy. 



●

Broad- spectrum  antibiotics,  if  signifi-

● 

Other therapeutic strategies should be 

cant  neutropenia  (<2500/μl)  exists. 

directed  toward  factors  that  may  be 

Examples include amoxicillin/clavula-

contributing to the anemia, including 

nate (15–22 mg/kg PO q12h) and enro-

gastrointestinal  ulcers,  concurrent  ill-

floxacin  (5 mg/kg  PO,  SC,  dilute 

nesses, and reduced nutrient intake. 

IV q24h). 

ii)  Intramarrow disorders



●

Nutritional support is often necessary, 

1)  General

as many of these cats are chronically 

–  Result in nonregenerative anemia. With 

inappetent and malnourished, requir-

the exception of pure red cell aplasia, var-

ing  appetite  stimulants  or  enteral 

iable degrees of neutropenia and throm-

nutrition  via  an  enteral  feeding  tube 

bocytopenia may occur. 

(see  Chapter  9— Nutritional  Support 

–  Taking a history usually reveals a chronic, 

for the Critically Ill Feline Patient). 

progressive course. Acute hematopoietic 

2)  Pure red cell aplasia

neoplasia is an exception. 

–  A severe nonregenerative anemia associ-

–  General  clinical  signs  include  lethargy, 

ated with depletion of erythroid precur-

inappetence, and weight loss. Other signs 

sor cells in the bone marrow. 

may be present relating to the cytopenia: 

–  Secondary  PRCA  occurs  in  cats  with 

weakness and pallor with anemia, infec-

FeLV  infection.  Primary  PRCA  is  likely 

tions  and  fever  with  neutropenia,  and 

immune- mediated. 

bleeding 

with 

thrombocytopenia. 

–  Diagnosis

Splenomegaly  may  occur  due  to 



●

CBC  reveals  a  severe  anemia;  white 

extramedullary  hematopoiesis  or  neo-

cell and platelet counts are within nor-

plastic infiltration. 

mal limits. 

–  Intramarrow  disorders  should  be  sus-



●

Confirmed via bone marrow examina-

pected in the patient with the following:

tion:  erythrocyte  precursors  are  often 

● 

A  nonregenerative  anemia  together 

virtually  absent;  myeloid  and  mega-

with another cytopenia(s). 

karyocytic elements are preserved. 

● 

A nonregenerative anemia and a his-



●

Viral serology should be performed as 

tory  of  exposure  to  viral  disease  or 

well as Coombs’ testing. 

potentially myelosuppressive drugs. 

–  Specific treatment

● 

A  nonregenerative  anemia  of  more 



●

Primary PRCA: generally responds to 

than  3–5  days  in  duration,  in  which 

immunosuppressive  therapy  within 

other causes have been eliminated. 

3–4  weeks  (see  “Treatment”  in 

–  Diagnosis and differentiation depend on 

“IMHA” in the earlier text). 

bone marrow examination (cytology and 



●

Secondary  PRCA:  no  specific  therapy 

histopathology).  A  current  CBC  and 

for  the  anemia.  Immunosuppressive 

blood  smear  should  accompany  sample 

and  interferon  therapy  can  be 

submission. 

attempted  (see  “FeLV”  in  the  follow-

–  Cats with intramarrow disorders should 

ing text). 

be evaluated for viral disease, neoplasia, 

3)  Aplastic anemia (aplastic pancytopenia)
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–  Characterized  by  pancytopenia  of  blood 



●

Chronic:  specific  treatment  is  not 

and panhypoplasia of bone marrow with 

reported  for  animals.  Bone  marrow 

marrow space replaced by adipose tissue. 

transplantation is limited by a lack of 

–  Acute and chronic forms are seen

compatible donors and high incidence 



●

Acute:  clinical  signs  develop  within 

of  rejection.  Management  of  severe 

2 weeks of marrow injury. Neutropenia 

cytopenias  may  be  attempted  via 

develops 5–6 days after the insult, fol-

hematopoietic  growth  factor  therapy 

lowed  by  thrombocytopenia  at 

(EPO, G- CSF, etc.). 

8–10 days.  Anemia  is  generally  mild 

–  Prognosis

or absent. 



●

Acute  aplastic  anemias  tend  to  be 



●

Chronic:  clinical  signs  develop  over 

reversible after elimination of the initi-

weeks  or  months.  Signs  of  severe 

ating  cause  and  with  adequate  sup-

anemia 

usually 

predominate. 

portive care. 

Neutropenia  and  thrombocytopenia 



●

Chronic aplastic anemias are less ame-

are often of insufficient magnitude to 

nable  to  therapy.  However,  with  sup-

result in infection and/or hemorrhage. 

portive care, recovery can occur weeks 

–  Causes

to months after diagnosis. 



●

Infectious:  parvovirus  and  endotox-

4)  Myelodysplastic syndromes (MDS)

emia/septicemia result in acute aplas-

–  MDSs are a group of hematopoietic stem 

tic  anemias.  Chronic  ehrlichiosis 

cell  disorders,  characterized  by  ineffec-

results  in  chronic  aplastic  anemia. 

tive  hematopoiesis  and  evidence  of  dis-

Uncommonly,  FeLV  and  FIV  may 

turbed  maturation  in  blood  and  bone 

cause a chronic aplastic anemia. 

marrow. Macrocytosis is recognized as a 



●

Drug- induced: 

chemotherapeutic 

common finding. 

drugs,  griseofulvin,  sulfadiazine,  and 

–  Pancytopenia or bicytopenia can be seen. 

albendazole  can  cause  acute  aplas-

–  MDSs  are  heterogenous  with  respect 

tic anemia. 

to  clinical  signs  and  laboratory 



●

Idiopathic cases are rare in cats. 

abnormalities. 

–  Diagnosis

–  MDS can evolve into acute myeloid leu-



●

Careful  history- taking  should  eluci-

kemia  (AML).  Even  in  the  absence  of 

date  possible  exposure  to  drugs  or 

neoplasia, MDSs are lethal in many cases 

infectious agents. 

due to the severe cytopenias. 



●

Pancytopenia  with  a  nonregenera-

–  FeLV  is  the  probable  cause  for  MDS  in 

tive anemia. 

most  cats.  Other  potentially  mutagenic 



●

Diagnosis  is  confirmed  on  bone  mar-

events  include  exposure  to  chemothera-

row evaluation. Hemic tissue occupies 

peutic  agents,  radiation,  or  certain 

less  than  25%  of  the  marrow  space, 

chemicals. 

with  the  remainder  replaced  by  adi-

–  Diagnosis

pose tissue. 



●

CBC  findings  are  variable.  Multiple 



●

In  the  absence  of  a  compatible  drug 

cytopenias are common, but decreased 

history, testing for infectious causes is 

mature  cell  numbers  in  one  or  two 

indicated. 

lines may be accompanied by normal 

–  Specific treatment

or increased numbers of other cells. 



●

Acute:  withdrawal  of  offending  drug, 



■

A  nonregenerative  anemia  is  pre-

or treatment of the underlying disease. 

sent  in  almost  all  patients  and  is 

Severe  leukopenia  (neutrophil  count 

often severe. Macrocytosis is usually 

<1500/μl) can be managed with granu-

present.  Nucleated  red  blood  cells 

locyte  colony- stimulating  factor  (G- 

may be profoundly increased. 

CSF,  filgrastim)  at  5 μg/kg  SC  q24h. 



■

The majority of patients have throm-

This is administered as pulse therapy 

bocytopenia;  few  have  thrombocy-

for 3–5 days until the neutrophil count 

tosis.  Abnormal  platelets  may  be 

increases above 3000/μl. 

evident on blood smear evaluation. 

 Feline Emergency and Critical Care Medicine 347

■ 

Neutropenia  and  monocytopenia 

–  Anemia 

usually 

normocytic, 

are common, but profound leukocy-

normochromic. Nucleated red blood cells 

tosis may also occur. Immature and 

are  frequently  increased.  Marked  aniso-

dysplastic eosinophils are relatively 

cytosis  and  poikilocytosis  are  also  com-

common. Circulating myeloid blast 

mon.  Immature  white  cells  and 

cells  generally  represent  less  than 

immature,  abnormal  megathrombocytes 

10% of white cells. 

may be evident. 

● 

Bone marrow examination by an expe-

–  Diagnosis  depends  on  demonstration  of 

rienced hematopathologist is essential 

inappropriate  invading  cells  on  bone 

to diagnose and classify MDS. 

marrow histopathology. 



■

Often samples are normocellular to 

–  Specific treatment and prognosis depend 

hypercellular with less than 30% of 

on the type of invading cell. Prognosis is 

the nucleated cells being blasts. 

generally poor. 

● 

The  diagnosis  can  be  difficult  in 

6)  Myelofibrosis

patients that lack convincing evidence 

–  Characterized  by  an  increase  in  bone 

of  multilineage  dyspoiesis  or  excess 

marrow  collagen  and  extracellular 

blast  cells.  In  such  cases,  benign  or 

matrix. A pivotal role for megakaryocytes 

potentially reversible disorders should 

in  the  pathogenesis  has  been  demon-

be excluded. These include nutritional 

strated in several species. 

deficiencies  (folate,  cobalamin,  etc.), 

–  Myelofibrosis is a reactive process associ-

drugs  (vincristine,  chloramphenicol, 

ated  with  various  diseases.  In  cats,  the 

etc.),  and  immune- mediated  ineffec-

most  common  underlying  diseases 

tive erythropoiesis. 

include MDS and acute myelogenous leu-

–  Treatment

kemia.  Other  causes  include  infectious 

● 

Administration  of  hematopoietic 

diseases,  radiation,  drugs,  and  immune- 

growth factors (EPO, G- CSF, etc.) can 

mediated nonregenerative anemias. 

alleviate the effects of cytopenias. 

–  Diagnosis

● 

The benefits of corticosteroid therapy in 



●

CBC  reveals  variable  cytopenias. 

these patients is uncertain, but may be 

Thrombocytosis is not uncommon. 

attempted. 



●

Bone marrow histopathology confirms 

● 

Low- dose  cytosine  arabinoside  has 

a diagnosis and may indicate an under-

been reported to be effective in a small 

lying disease. 

number of cases. 



●

Further workup should include inves-



●

Adjunctive  therapy  with  interferon 

tigation of drug history, infectious dis-

may  be  of  some  benefit  in  patients 

eases, and immune- mediated diseases. 

with FeLV- associated MDS. 



●

Histopathology  is  required  to  confirm 

–  Prognosis is guarded. Survival times gen-

the diagnosis using special staining to 

erally  range  from  days  to  months. 

identify an excess of reticulin fibrosis. 

Progression  to  AML  is  unpredictable. 

–  Specific therapy

Cats  with  mild  to  moderate  cytopenias 



●

Myelofibrosis can resolve with correc-

and low blast counts can live for months 

tion of the underlying disease. As such, 

to years with therapy. 

diagnosis  and  treatment  of  such  are 

5)  Myelophthisis

paramount. 

–  Characterized  by  the  replacement  of 



●

Adjunctive  therapy  with  hematopoi-

bone marrow with abnormal cells. These 

etic growth factors may be beneficial. 

can  include  neoplastic  cells,  infectious 

7)  Hematopoietic neoplasia

granulomas, or fibrous tissue. 

–  Characterized by replacement of normal 

● 

In  primary  myelophthisis,  the  abnor-

hemic  tissue  with  abnormal  clonal 

mal cells originate from the bone mar-

proliferation. 

ror, 

whereas 

in 

secondary 

–  Acute  and  chronic  myeloproliferative 

myelophthisis,  the  neoplastic  cells 

and  lymphoproliferative  disorders  are 

originate outside of the marrow. 

recognized in cats. 
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–  Viral  infection  (FeLV  or  FIV)  is  com-

hematopoietic  neoplasia,  or  aplas-

monly associated. 

tic anemia. 

–  Diagnosis



■

Hemolysis 

associated 

with 



●

The history should provide clues as to 

secondary infection (hemobartonel-

chronicity. 

losis) 

or 

immune- mediated 



●

Nonspecific bone pain can occur. 

mechanisms. 



●

Variable  cytopenias  occur.  Neoplastic 



●

Of  3  subtypes  known,  FeLV- C  has 

cells in the peripheral blood occur fre-

unique erythrocytopathic effects, as it 

quently, but not universally. 

is  the  causative  agent  of  FeLV- 



●

Infiltration of other hematopoietic tis-

associated  PRCA.  This  occurs  in  less 

sues (spleen, liver, lymph nodes, cen-

than 1% of viremic cats. 

tral  nervous  tissue,  etc.)  is  common. 



●

Clinical  signs  may  reflect  anemia, 

Sampling  of  these  sites  may  reveal 

other  cytopenias,  and/or  other  FeLV- 

neoplasia. 

associated diseases. 



●

Marrow examination serves to confirm 



●

Diagnosis

a diagnosis and may suggest cell type. 



■

FeLV infection should be suspected 

Flow cytometry or immunocytochemi-

and  tested  for  in  any  anemic  cat 

cal  staining  is  necessary  for  accurate 

without obvious cause. 

classification. 



■

Diagnosis of FeLV is confirmed via 



●

Viral serology should be performed. 

ELISA or IFA testing for viral anti-

–  Specific treatment and prognosis

gens. If testing of blood samples is 



●

Chemotherapy options depend on the 

negative,  marrow  aspirate  samples 

tumor  type  and  the  status  of  the 

should be tested via IFA. 

patient. Therapy may offer some pro-

–  FIV

longation of life and improved quality, 



●

Anemia occurs in 31% of cats naturally 

but  responses  are  generally  palliative 

infected  with  FIV  and  in  44%  of  cats 

and not curative. 

with both FIV and FeLV coinfection. 

8)  Nonregenerative IMHA



●

Bone marrow suppression comes from 

–  Underlying disease inhibits erythropoie-

viral  or  viral  antigen- related  factors, 

sis or targeted destruction of developing 

immune suppression, or other factors 

erythoid cells. 

associated with AID. 

–  Diagnosis



●

Other CBC findings may include neu-



●

Based on exclusion of other causes of 

tropenia,  lymphopenia,  lymphocyto-

anemia  and  on  response  to  immuno-

sis, 

monocytosis, 

and 

suppressive therapy. 

thrombocytopenia. 



●

Bone marrow findings include rare to 



●

Diagnosis is confirmed by demonstra-

absent  erythroid  precursors  or  the 

tion of FIV antibodies via ELISA, IFA, 

presence  of  marked  erythroid 

or western blot assays. 

hyperplasia. 

–  Ehrlichiosis

9)  Infectious



●

Ehrlichiosis  in  cats  has  been  recog-

–  Many  infectious  causes  have  geographi-

nized  with  increasing  frequency 

cal presence which is why knowledge or 

worldwide.  There  appear  to  be  two 

local diseases or travel history is always 

forms: one caused by  Ehrlichia canis, 

important. 

with  inclusions  in  neutrophils,  and 

–  FeLV

another  caused  by   Anaplasma 



●

At least 25% of cats with FeLV infec-

( Ehrlichia)   phagocytophilum,  with 

tion are anemic. Possible mechanisms 

inclusions in mononuclear cells. 

include:



●

Clinical  signs  are  variable.  Anorexia, 



■

AID  related  to  FeLV- associated 

lethargy,  weight  loss,  pallor,  fever, 

disease(s). 

hyperesthesia or joint pain, lymphade-



■

Intramarrow  disorders:  pure  red 

nopathy,  splenomegaly,  and/or  dysp-

cell  aplasia,  MDS,  myelofibrosis, 

nea are most common. 
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● 

Laboratory findings



■

PCR testing is specific and confirms 

■ 

A  nonregenerative,  normocytic, 

a  diagnosis,  but  false  negatives 

normochromic  anemia  is  usually 

occur,  particularly  in  patients  that 

present.  Leukopenia,  leukocytosis, 

have received antibiotic therapy. 

or  thrombocytopenia  can  occur. 



■

Ehrlichiosis should be a differential 

Less  commonly,  anemia  is 

diagnosis in the cat with nonregen-

regenerative. 

erative anemia due to hypoplasia or 

■ 

Hyperglobulinemia  is  not  uncom-

dysplasia, or in the cat with immune- 

mon.  This  is  usually  a  polyclonal 

mediated  disease.  A  tentative  diag-

gammopathy, although a monoclo-

nosis  is  based  on  a  combination  of 

nal gammopathy is also described. 

clinical and laboratory findings con-

■ 

Antinuclear antibody testing is fre-

sistent with the disease, exclusion of 

quently positive. 

other causes, positive serologic test-

■ 

Bone  marrow  changes  include 

ing, and response to therapy. A posi-

hypoplasia and dysplasia. 

tive  PCR  test  or  demonstration  of 

● 

Diagnosis

morulae confirms the diagnosis. 

■ 

Demonstration  of  intracytoplasmic 



●

Treatment

inclusions in neutrophils or mono-



■

Doxycycline, for 3–4 weeks. 

cytes may be possible in acute cases. 



■

Clinical response is generally good. 

But these are inconsistent findings, 

Complete eradication of the organ-

making this an insensitive method 

ism may be difficult, however, par-

of diagnosis. 

ticularly  in  patients  on  concurrent 

■ 

Serologic testing (IFA) for antibod-

immunosuppressive therapy. 

ies  is  available,  but  false  negatives 

and positives occur. 
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UNIQUE FEATURES



● Diabetes mellitus (DM) is a common endocrine condition in cats, most of whom experience a type- 2- like manifestation of the disease. 



● Cats can achieve clinical remission of diabetes mellitus regardless of whether or not they have had an episode of diabetic ketoacidosis (DKA). 



● Diabetes mellitus is often difficult to control in the presence of concurrent illness, predisposing patients to development of diabetic ketoacidosis. 



● The most severe complication of treatment of DM is hypoglycemia. 



● The most severe complications of untreated or poorly regulated DM are DKA and hyperglycemic hyperosmolar syndrome (HHS). 



● Treatment of both DKA and HHS requires close monitoring of patients and appropriate fluid, insulin, and electrolyte therapy, as well as treatment of underlying disease processes. 



● Prognosis of DKA in cats can be good, although some patients who do survive to discharge will have a subsequent episode. 

Prognosis of HHS is poor to guarded. 

A)  Diabetes mellitus (DM)

thought to play a role include amyloid depo-

a)  Pathophysiology and classification

sition  and  glucose  toxicity  (Reusch  2009; 

i)  DM  is  a  metabolic  disease  characterized  by 

Reusch 2015; Lutz and Rand 1995). 

impaired  insulin  secretion,  sensitivity,  or  both 

2)  Insulin- resistance  mechanisms  likely 

resulting in persistent hyperglycemia and abnor-

involve glucose transporters and cytokines 

mal cellular energy utilization (Reusch 2009). 

secreted  from  adipose  cells  that  regulate 

ii)  Classification  of  DM  in  human  medicine  is 

expression  of  transporters  and  proteins 

based on the etiology. Type 1 DM is caused by an 

involved in insulin- signaling pathways. 

absolute  deficiency  in  insulin  due  to  immune 

iii)  The  metabolic  sequelae  of  insulin  deficiency 

destruction of pancreatic islet beta cells; type 2 

and hyperglycemia lead to the clinical signs and 

DM  is  caused  by  a  combination  of  pancreatic 

complications associated with DM (Reusch 2009; 

beta  cell  dysfunction  and  insulin  resistance 

Reusch 2015; Lutz and Rand 1995). 

often linked with obesity (Reusch 2009). 

1)  Insulin is responsible for glucose uptake by 

iii)  In cats, type- 1- like DM is thought to be rare and 

cells  and  formation  of  glycogen  stores;  in 

type- 2- like  DM  is  thought  to  predominate. 

deficient states, hyperglycemia, glucosuria, 

Although the exact mechanisms are unknown 

and osmotic diuresis ensue. 

and not entirely similar to human type 2 DM, 

2)  Insulin is an anabolic hormone that stimu-

the combination of impaired islet beta cell func-

lates protein synthesis; in deficient states, 

tion  and  insulin  resistance  is  present  in  this 

protein  catabolism  predominates  so  that 

feline syndrome (Reusch 2009). 

amino acids can be used in gluconeogenesis 

1)  Specific pathogenesis of beta cell dysfunc-

pathways,  leading  to  weight  loss,  muscle 

tion in cats is not well understood; factors 

wasting, and decreased healing. 
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c)  Diagnostics

activates  lipoprotein  lipase,  which  allows 

i)  Diagnosis of DM in cats consists of document-

uptake of fatty acids. Additionally, insulin 

ing  persistent  hyperglycemia,  glucosuria,  and 

stimulates  hormone- sensitive  lipase, 

clinical signs of DM. 

which inhibits lipolysis; in insulin- deficient 

1)  Hyperglycemia  is  poorly  defined  in  cats. 

states, lipid metabolism becomes dysregu-

Cats  can  occasionally  experience  impres-

lated  and  catabolism  predominates.  This 

sive levels of hyperglycemia due to stress ; 

leads  to  excessive  circulating  fatty  acids 

blood  glucose  levels  may  be  higher  than 

that  can  then  undergo  beta  oxidation  to 

270 mg/dl, high enough to exceed the renal 

acetyl- CoA; in states of energy deficiency, 

threshold of glucose absorption and lead to 

this pathway may predominate leading to 

glucosuria,  in  some  cases  even  exceeding 

the formation of ketones, and in extreme 

500 mg/dl (Crenshaw et al. 1996). 

states,  ketoacidosis  (see  in  the  follow-

2)  Serum fructosamine is a glycosylated amino 

ing text). 

acid whose concentration is generally con-

4)  Persistent hyperglycemia may lead to demy-

sidered  to  be  related  to  the  mean  serum 

elination  and  axon  degradation  leading  to 

concentration  of  glucose  over  1–2  weeks 

signs of diabetic neuropathy (e.g., “dropped 

(Reusch  2015).  An  elevated  fructosamine 

hocks”). 

level  (reference  ranges  vary  depending  on 

5)  Other consequences of persistent hypergly-

laboratory)  combined  with  glucosuria  and 

cemia  include  microvascular  complica-

relevant clinical signs supports a diagnosis 

tions, greater susceptibility to infection, and 

of DM. However, the diagnostic sensitivity 

delayed healing. 

of fructosamine in cats for DM is limited, so 

b)  Signalment,  history,  physical  exam  findings,  and 

a normal level does not rule out a diagnosis 

clinical signs

of  DM.  Nondiabetic  cats  with  chronic 

i)  Specifically in Australia and Europe, Burmese 

hyperglycemia due to other illness or with a 

cats have been shown to have up to a fourfold 

markedly decreased rate of protein turnover 

increase in frequency of developing DM than 

might  have  elevated  serum  fructosamine 

domestic  cats  (McCann  et  al.  2007;  Lederer 

levels  despite  not  having  concurrent  DM 

et al. 2009). 

(Crenshaw et al. 1996). 

ii)  Other  risk  factors  of  DM  in  cats  include: 

ii)  It is important to screen diabetic cats for pres-

increasing  age,  male  gender,  being  neutered, 

ence of other diseases that might increase the 

obesity, and history of glucocorticoid adminis-

patient’s levels of counterregulatory hormones 

tration (Reusch 2009; Reusch 2015). 

to insulin and make the case more difficult to 

iii)  Most  cats  will  present  with  a  history  of  the 

manage as well as put the patient at higher risk 

classic signs of DM including polyuria, poly-

of experiencing complications of DM. 

dipsia,  polyphagia,  and  weight  loss.  Recent 

1)  Recommended  diagnostic  tests  at  time  of 

use of glucocorticoids may also be reported in 

diagnosis  include  a  complete  blood  count 

the history. 

(CBC),  serum  chemistry,  urinalysis,  urine 

iv)  Physical exam findings in cats with DM may 

culture, and serum T4. 

include  muscle  wasting,  hepatomegaly, 

2)  CBC  changes  may  include  anemia  and  a 

hindlimb weakness, and plantigrade posture 

stress leukogram. 

due to neuropathy. While many dogs with DM 

3)  Chemistry changes in addition to hypergly-

will have severe diabetic cataracts even lead-

cemia may include increases in cholesterol, 

ing to blindness, diabetic cataracts in cats are 

alkaline  phosphatase  (ALP),  and  alanine 

generally  less  severe,  although  still  more 

transaminase (ALT). 

likely to be present when compared to nondi-

4)  Urinalysis changes in addition to glucosuria 

abetic cats. 

may include an inappropriately low specific 

v)  In cats experiencing uncomplicated DM, physi-

gravity, mild or moderate proteinuria, and 

cal exam findings may be subtle; in cats experi-

occasionally ketonuria. Changes associated 

encing  complications  of  DM,  physical  exam 

with a urinary tract infection may also be 

findings such as lethargy, dehydration, hypov-

present, but due to the often dilute nature of 

olemia, and even shock may be present. 

the  urine,  the  lack  of  these  findings  does 
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not rule out an infection and culture should 

Box 30.1  Long-Acting Insulin Therapy for Cats with 

be performed. 

Newly Diagnosed Diabetes Mellitus

5)  Urinary  tract  infections  are  identified  in 

more than 10% of diabetic cats.  Escherichia 

1)  Glargine  insulin: 0.25 U/kg twice daily if blood glucose coli  is  the  most  common  pathogen  identi-

<360 mg/dl; 0.5 U/kg twice daily if blood glucose >360 mg/dl 

(Roomp  and  Rand  2013).  Generally  recommended  not  to 

fied  (Mayer- Roenne  et  al.  2007;  Bailiff 

exceed 3 U/cat as a starting dose. Brand names include 

et al. 2006). 

Lantus (100 U/ml) and Basaglar (100 U/ml). 

d)  Treatment and management

2)  Detemir  insulin: 0.25 U/kg twice daily if blood glucose The  goals  of  treatment  in  feline  diabetes  are  to 

<360 mg/dl; 0.5 U/kg twice daily if blood glucose >360 mg/dl 

(Roomp  and  Rand  2013).  Generally  recommended  not  to 

eliminate the clinical signs and prevent complica-

exceed 3 U/cat as a starting dose. Brand names include 

tions associated with DM while achieving moder-

Levemir  (100 U/ml). 

ate glycemic control. In newly diagnosed diabetic 

3)  Lente insulin: 0.25–0.5 U/kg twice daily, but recommended cats,  strict  glycemic  control  (72–180 mg/dl)  has 

not  to  exceed  3 U/cat  as  a  starting  dose  (Caney  2013). 

Brand names include Vetsulin (40 U/ml). 

been associated with increased rates of remission 

4)  Protamine  zinc  insulin: 0.25–0.5 U/kg twice daily, but and so is a reasonable goal as long as hypoglyce-recommended not to exceed 3 U/cat as a starting dose 

mia  can  be  avoided  (Marshall  et  al.  2009).  In 

(Nelson et al. 2001). Brand names include ProZinc (40 U/ml). 

chronic feline diabetes, targeting a blood glucose 

5)  Neutral protamine Hagedorn insulin: not recommended in 

cats due to shorter duration of action. Brand names 

range of 90–270 mg/dl is adequate to resolve clini-

include Novolin N and Humulin N. 

cal  signs  and  reduce  negative  sequelae  in  most 

diabetic cats (Reusch 2009; Reusch 2015). In the 

not  achieve  adequate  glycemic  control  for 

uncomplicated diabetic cat, treatment should con-

some patients, and is not recommended as 

sist  of  intermediate  or  long- acting  insulin,  diet, 

the initial choice of insulin for most diabetic 

weight loss in overweight cats, discontinuation of 

cats.  Unlike  other  insulin  products  which 

glucocorticoids  if  being  administered,  and  treat-

should  be  shaken  prior  to  use,  Vetsulin 

ment or management of concurrent disease. 

should be rolled gently prior to drawing up 

i)  Insulin

the dose to be administered. 

1)  In  the  uncomplicated  diabetic  cat,  insulin 

3)  Protamine  zinc  insulin  (PZI)  is an  insulin 

therapy should be initiated as soon as possi-

preparation containing protamine and zinc, 

ble. Available insulins include short- acting, 

but  with  higher  ratios  of  protamine  than 

intermediate- acting,  and  long- acting,  with 

NPH  contains,  extending  its  duration  of 

short- acting  insulins  generally  having 

action  in  comparison  with  NPH.  PZI  can 

higher  potency.  In  general,  treatment  of 

safely and effectively be used in the control 

uncomplicated  diabetics  is  accomplished 

of  feline  diabetes  (Restine  et  al.  2019; 

with  intermediate-  or  long- acting  insulins, 

Nelson et al. 2001). 

while  short- acting  insulins  are  often  indi-

4)  Glargine  insulin  is  a  long- acting  insulin 

cated in treating cats with diabetic ketoaci-

analog that precipitates into crystals in the 

dosis  or  hyperglycemic  hyperosmolar 

subcutaneous tissues at a normal tissue pH 

syndrome. General guidelines for the initial 

allowing for slow and steady release of insu-

regimens  of  various  types  of  long- acting 

lin over 12–24 hours. Activity peaks between 

insulins are outlined in Box 30.1. 

10 and 24 hours. Glargine has been associ-

2)  Lente  insulin  is  an  insulin  preparation  of 

ated  with  improved  glycemic  control  and 

mixed  amorphous  (short- acting)  and  crys-

remission rates in cats (Marshall et al. 2009; 

talline  (long- acting)  insulins  with  excess 

Roomp and Rand 2009). 

zinc added to delay effects; this combination 

5)  NPH insulin is a potent insulin preparation 

provides a rapid onset and long duration of 

with  protamine  and  zinc;  however,  with 

action. Vetsulin is an example of a 40 U/ml 

standard dosing schemes, it may not achieve 

lente  insulin  product  approved  for  use  in 

adequate control of DM in many cats because 

cats that is best used in a twice daily dosing 

the duration of action is less than 12 hours 

scheme  in  cats.  Similarly  to  neutral  prota-

(Reusch  2009);  NPH  insulin  is  not  recom-

mine  Hagedorn  (NPH)  insulin,  Vetsulin’s 

mended as a mainstay of treating DM in cats. 

duration of action is sometimes found to be 

6)  At  this  time,  oral  hypoglycemic  agents, 

less than 12 hours in cats and therefore may 

which  have  been  found  to  be  effective  at 
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2)  Diets  with  high- protein  content  and  very 

patients with type 2 DM, have not been ade-

low  carbohydrate  content  (<  6%  calories 

quately  investigated  in  cats  and  cannot  be 

from  carbohydrates)  are  associated  with 

recommended.  Some  newer  drugs  within 

better  rates  of  remission  of  DM  in  cats 

this  category  have  different  mechanisms 

(Gottlieb and Rand 2018). Remission rates 

compared to previous drugs and may prove 

greater than 80% have been reported in cats 

to be safe and effective in cats, although are 

in which strict glycemic control using insu-

not recommended at this time due to limited 

lin was used in combination with a low car-

evidence (Palm and Feldman 2013). 

bohydrate content diet (Marshall et al. 2009; 

7)  Intensive  blood- glucose- monitoring  pro-

Roomp and Rand 2009). 

grams  have  been  described  using  diligent 

3)  In overweight cats, diets should also be fed 

at- home  glucose  monitoring  and  frequent 

to encourage weight loss at an appropriate 

small- dosing  regimens;  this  is  beyond  the 

rate with frequent weight checks, as achiev-

scope of this chapter, but can be used in cases 

ing an ideal body weight is associated with 

with  dedicated  clients  and  compliant  cats, 

an increased rate of remission, and obesity 

and may improve rates of remission (Roomp 

has been shown to be inversely correlated 

and Rand 2009; Roomp and Rand 2013). 

with  insulin  sensitivity  (Zoran  and 

ii)  Monitoring the newly diagnosed DM patient:

Rand 2013; Hoenig et al. 2007). 

1)  Stable  uncomplicated  newly  diagnosed  dia-

4)  It has been suggested to feed diabetic cats in 

betic cats may be discharged with initial insu-

two  meals  around  the  time  of  twice- daily 

lin therapy as long as the client is sufficiently 

insulin administration. However, there is very 

instructed on storage, handling, appropriate 

limited evidence to support this (Reusch 2009). 

syringe selection (U- 40 vs U- 100), and admin-

iv)  Complications in treating DM

istration techniques, as well as being able to 

1)  Concurrent  chronic  diseases  common  in 

closely monitor the cat for any signs of hypo-

cats  such  as  chronic  kidney  disease  and 

glycemia (lethargy, shaking, seizures, etc.). 

chronic  pancreatitis  can  cause  significant 

2)  Frequent follow- up, particularly in the ini-

challenges  in  the  management  of  DM, 

tial weeks of instituting insulin therapy, is 

including making clinical signs difficult to 

essential to achieve adequate glycemic con-

control and hyperglycemia resistant to reg-

trol, to eliminate clinical signs, and to avoid 

ulation, increasing the risk of development 

complications  of  unregulated  diabetes  or 

of complications including DKA and HHS 

hypoglycemia. 

described in the following text. 

3)  In- hospital blood glucose curves or at- home 

2)  If high doses of insulin are required (>1.0 U/

glucose  curves  with  the  use  of  indwelling 

kg  twice  daily),  comorbidities  should  be 

subcutaneous  glucose- monitoring  devices 

suspected and potential conditions investi-

such as the FreeStyle Libre can be performed 

gated (Reusch 2015). Hypersomatotropism 

to determine if adjustments in insulin ther-

(acromegaly) or pancreatitis may be present 

apy are needed if the nadir is found to be too 

in cats that are markedly difficult to control 

low  or  the  glucose  levels  are  frequently 

(Gostelow et al. 2014). 

above 270 mg/dl. As this chapter is targeted 

e)  Clinical resolution of transient diabetes mellitus

at enabling the emergency clinician with the 

i)  A  feature  of  DM  that  seems  to  be  somewhat 

diagnosis and initial treatment of DM and 

unique to cats is remission. 

its  complications,  a  full  discussion  of  the 

ii)  Remission  of  transient  DM  seems  to  be 

long- term diabetic management and adjust-

most  associated  with  tight  glycemic  control 

ment of insulin therapy is beyond the scope. 

through insulin administration combined with 

Please refer to the Recommended Readings 

a  high- protein,  low  to  very  low  carbohydrate 

at page 366 for further information. 

diet (6–12%), although specific rates and factors 

iii)  Nutrition in cats with DM

associated with remission are unknown at this 

1)  Obligate  carnivores,  cats  should  eat 

time (Gostelow et al. 2014). 

high- protein  and  fat,  low- carbohydrate 

iii)  Remission of transient DM can occur even after 

diets (Reusch 2009; Reusch 2015; Gottlieb 

a cat experiences an episode of diabetic ketoaci-

and Rand 2018). 

dosis (Sieber- Ruckstuhl et al. 2008). 
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f)  Hypoglycemia and insulin overdose

any  hypoglycemic  brain  injury  is  suspected, 

i)  Hypoglycemia in a diabetic cat may occur sec-

close  monitoring  of  vitals,  ventilation,  and 

ondary  to  insulin  overdose,  full- dose  insulin 

oxygenation is warranted. 

administration in the face of anorexia, or to dia-

B)  Diabetic ketoacidosis

betic remission occurring while insulin therapy 

a)  Pathophysiology

is still being continued. 

i)  DKA  results  from  complications  of  diabetes 

ii)  Hypoglycemia is not officially defined in cats, 

mellitus;  its  development  is  often  precipitated 

but  experience  suggests  that  blood  glucose 

by comorbidities which lead to antagonism of 

concentrations  less  than  70 mg/dl  should  be 

insulin.  In  cats,  concurrent  illnesses  demon-

considered low; insulin studies have often used 

strated to be risk factors for DKA include acute 

54 mg/dl  as  a  cutoff  (Marshall  et  al.  2009; 

pancreatitis,  hepatic  lipidosis,  chronic  kidney 

Roomp and Rand 2009). Severe hypoglycemia 

disease,  and  urinary  tract  infections;  around 

is  considered  blood  glucose  levels  less  than 

half of all cats diagnosed with DKA may be con-

18 mg/dl  and  may  be  life- threatening,  as  the 

currently diagnosed with one of these illnesses 

brain  cannot  maintain  a  supply  of  energy  at 

at time of diagnosis (Cooper et al. 2015). Acute 

levels lower than this (Loose et al. 2008). 

pancreatitis is reported to be the most common 

iii)  Clinical signs of hypoglycemia may not always 

comorbidity (Cooper et al. 2015). 

be present. 

ii)  DKA results from a further decrease in the net 

iv)  If a client perceives signs of suspected hypogly-

action of insulin in the presence of counterreg-

cemia in a cat at home, such as restlessness or 

ulatory hormones, growth hormone, catechola-

lethargy, weakness, ptyalism, shaking, ataxia, or 

mines,  glucagon,  and  cortisol  (Nyenwe  and 

seizures, food should be offered or corn syrup, 

Kitabchi 2016). The net insulinopenia leads to 

honey,  or  molasses  applied  to  the  gums;  the 

increased gluconeogenesis in the liver and kid-

patient should then be brought to an emergency 

neys,  increased  glycogenolysis  and  decreased 

facility for immediate evaluation. 

uptake and utilization of peripheral glucose by 

v)  Insulin  therapy  should  be  discontinued  until 

cells,  as  well  as  increased  protein  catabolism 

hypoglycemia is resolved and the blood glucose 

(Nyenwe and Kitabchi 2016). 

measures  greater  than  180 mg/dl,  and  a  dose 

iii)  Glucose in the renal tubular filtrate promotes an 

reduction should be implemented immediately 

osmotic  diuresis  leading  to  volume  depletion 

if an obvious overdose was not identified. 

and eventually a decreased glomerular filtration 

vi)  Treatment  of  severe  hypoglycemia  consists  of 

rate  (GFR)  which  limits  excretion  of  glucose, 

immediate  intravenous  administration  of  dex-

leading to a cycle of worsening hyperglycemia 

trose at 0.5 g/kg IV diluted with sterile saline as 

(Nyenwe and Kitabchi 2016). 

an  infusion  over  several  minutes  (1  part  50% 

iv)  In fat cells, the enzyme hormone- sensitive lipase 

dextrose, 3 parts saline) (Loose et al. 2008). The 

is  activated  (it  is  normally  inhibited  by  insulin 

blood glucose should be rechecked and subse-

and stimulated by glucagon), leading to increased 

quent bolus doses or continuous supplementa-

lipolysis,  and  breakdown  of  triglycerides  into 

tion  initiated  as  indicated.  Fluids  may  be 

glycerol  and  non- esterified  fatty  acids  (Nyenwe 

supplemented  with  1.25,  2.5,  or  5%  dextrose 

and  Kitabchi  2016).  Free  fatty  acids  further 

through a peripheral catheter; 10% additive solu-

undergo beta oxidation in the liver to form acetyl- 

tions  should  only  be  administered  through  a 

CoA, a substrate in the Krebs cycle used to gen-

central line to minimize risk of phlebitis (Loose 

erate adenosine triphosphate (ATP). Excessive 

et al. 2008). In cases of severe refractory hypogly-

acetyl- CoA  is  metabolized  to  acetoacetate,  a 

cemia  secondary  to  marked  insulin  overdose, 

ketone  body;  acetoacetate  can  undergo  further 

where patients are persistently hypoglycemic on 

reduction  to  form  beta- hydroxybutyrate  or 

dextrose supplementation rates exceeding 12.5 or 

decarboxylation to form acetone (Reusch 2015). 

15%, administration of glucagon as a continuous 

Acetoacetate, beta- hydroxybutyrate, and acetone 

rate  infusion  may  be  required.  Glucagon  CRI 

are the predominant ketone bodies formed dur-

may be administered at rates of 5-20 ng/kg/min 

ing states of diabetic ketosis (DK) (Nyenwe and 

titrated to effect based on the blood glucose. 

Kitabchi 2016). 

vii)  Additionally,  if  a  patient’s  level  of  conscious-

v)  In  the uncomplicated diabetic, the  amount of 

ness  was  altered  due  to  the  hypoglycemia  or 

ketones produced is minimal and they are able 

356  Management of Specific Endocrine and Metabolic Diseases: Diabetes Mellitus to  be  metabolized  and  cleared  by  the  insulin 

iii)  DKA can affect patients of any signalment, but 

available.  In  extreme  insulin- deficient  states, 

similar to DM is more likely to occur in middle- 

due  to  absolute  deficiency,  excessive  antago-

aged  and  older  cats;  similarly,  male  cats  are 

nism, or resistance, ketone production predom-

reported to be at an increased risk (Reusch 2009; 

inates and overwhelms the metabolic pathways 

Reusch 2015; Cooper et al. 2015). 

(Nyenwe and Kitabchi 2016). 

iv)  Depending on the severity of acidosis, hyper-

vi)  Excessive buildup of ketone bodies in a diabetic 

osmolarity,  dehydration,  and  comorbidities,  a 

patient  is  referred  to  as  DK.  Ketones  are  the 

patient’s  clinical  history  and  presentation  can 

anions  of  strong  acids,  so  hydrogen  ions  are 

vary widely. Cats may have a chronic history of 

produced  at  equimolar  amounts  to  ketones; 

polyuria, polydipsia, polyphagia, and weight loss 

bicarbonate  is  then  consumed  as  a  buffer  for 

with a more acute onset of hypodipsia and hypo-

the  ketoacids;  when  bicarbonate- buffering 

rexia to anorexia depending on how sick they are. 

capacity  is  overwhelmed,  a  titrational  meta-

v)  Clinical  signs  similarly  will  vary,  but  may 

bolic  acidosis  with  an  increased  anion  gap 

include  lethargy  and  weakness,  mental  dull-

develops  and  the  condition  is  referred  to  as 

ness, vomiting, and diarrhea. 

DKA (Nyenwe and Kitabchi 2016). 

vi)  Physical  exam  findings  may  include  dehydra-

vii)  The  profound  osmotic  diuresis  promotes  both 

tion, an acetone odor to the breath, central nerv-

dehydration  and  electrolyte  loss,  and  subse-

ous system (CNS) depression, bradycardia, and 

quent  fluid  shifts  exacerbate  these  derange-

poor  pulses  if  hypovolemic  shock  is  present, 

ments.  Hypokalemia,  hypophosphatemia,  and 

and  a  Kussmaul  respiratory  pattern  if  severe 

hypomagnesemia  are  common  and  often 

metabolic acidosis is present. 

worsen with insulin therapy if not adequately 

1)  Kussmaul  breathing  is  a  unique  pattern 

supplemented (Thomovsky 2017). 

seen in severe  acidosis  in  which  a  patient 

1)  Hyperglycemia promotes shifting of water 

breathes  rapidly  and  with  large  tidal  vol-

out of cells and into the extracellular intra-

umes, seen as deep, fast, and agonal (Gallo 

vascular  fluid  space;  as  a  result,  hypona-

de Moraes and Surani 2019). 

tremia may develop. 

c)  Diagnostics

2)  Hyperglycemia- induced  osmotic  diuresis 

i)  Presence of serum ketonemia/ketonuria, hyper-

promotes  wasting  of  sodium,  potassium, 

glycemia,  and  metabolic  acidosis  is  confirma-

calcium,  magnesium,  chloride,  and  phos-

tory for the diagnosis of diabetic ketoacidosis. 

phate (Nyenwe and Kitabchi 2016). 

Measurement  of  ketones  should  be  promptly 

3)  Hypokalemia results from renal and gastro-

performed in any patient exhibiting the above-

intestinal (GI) potassium losses. Acidemia 

mentioned clinical signs to confirm the diagno-

may mask the degree of hypokalemia at ini-

sis of DK or DKA. 

tial  presentation,  as  potassium  is  driven 

ii)  Measuring ketones

extracellularly  in  exchange  for  hydrogen 

1)  Point- of- care handheld ketometers usually 

ions.  Insulin  and  fluid  therapy  exacerbate 

measure 3- beta- hydroxybutyrate and urine 

hypokalemia by correcting the acidosis and 

dipsticks  usually  measure  acetoacetate 

directly driving potassium intracellularly. 

(Rand 2013). 

b)  Signalment,  history,  physical  exam  findings,  and 

2)  Beta- hydroxybutyrate  is  the  predominant 

clinical signs

ketone body produced in cats during DKA at a 

i)  Siamese cats may be specifically predisposed to 

ratio from 5:1 to 20:1 with acetoacetate. Serum 

development of DKA even among cats with DM 

beta- hydroxybutyrate  detection  is  consid-

(Cooper et al. 2015), but further research is nec-

ered more sensitive than urine acetoacetate 

essary to substantiate this observation. 

detection  in  the  diagnosis  of  DKA.  Up  to 

ii)  Previously undiagnosed DM is a significant risk 

about 12% of cats with DKA may test negative 

factor for developing DKA, as many clients may 

on a dipstick method due to lower levels of 

not recognize the signs of DM or do not pursue 

acetoacetate (Zeugswetter and Pagitz 2009). 

treatment until an episode of severe illness devel-

3)  Using  dipstick  methodology  for  urine 

ops, so a diagnosis of DM is often not present in 

testing, a cutoff value of 1.5 mmol/l acetoac-

case history. About half of cats diagnosed with 

etate (1+ change in color intensity), there is a 

DKA are newly diagnosed with DM at the time 

sensitivity of 82% and specificity of 95% for 

of presentation for DKA (Cooper et al. 2015). 

DKA in cats (Zeugswetter and Pagitz 2009). 
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4)  Using  dipstick  methodology  for  plasma 

corrected  [Na]  =  measured  [Na] + 1.6 

testing, a cutoff value of 4 mmol/l acetoace-

[(measured glucose – 100)/100], with the 

tate (2+ change in color intensity), there is a 

glucose in mg/dl (Fayfman et al. 2017). 

sensitivity  of  100%  and  specificity  of  88% 

2)  Packed cell volume and total solids may be 

(Zeugswetter and Pagitz 2009). 

helpful  in  identifying  concurrent  anemia 

5)  Using  spectrophotometry  methods  for 

and/or hemoconcentration. 

plasma  testing  of  beta- hydroxybutyrate,  a 

3)  CBC may commonly reveal a neutrophilic 

cutoff value of 2.4 mmol/l, there is a sensitiv-

leukocytosis;  this  may  be  present  DUE  to 

ity of 100% and specificity of 87% (Weingart 

comorbid  inflammatory  and/or  infectious 

et al. 2012). 

disease  processes  or  a  release  of  pro- 

6)  The  Precision  Xtra®  (Abbott)  handheld 

inflammatory  cytokines  stimulated  by 

ketometer has a sensitivity of 95% and spec-

hyperglycemic  emergencies  (Nyenwe  and 

ificity  of  68%  when  a  cutoff  value  of 

Kitabchi 2016). 

>2.5 mmol/l  beta- hydroxybutyrate  is  used 

4)  Serum  chemistry  may  reveal  evidence  of 

(Zeugswetter and Rebuzzi 2012). 

hepatic  lipidosis  and  cholangiohepatitis 

iii)  Patients with DKA will have a metabolic acido-

(Cooper et al. 2015). 

sis with an elevated anion gap. A metabolic aci-

5)  Serum thyroxine (T4) levels may be difficult 

dosis  is  identified  as  a  decreased  base  excess 

to interpret in the face of severe illness and 

(generally  considered  as  <−  4 mEq/l)  or 

chronic hyperglycemia; normal T4 levels do 

decreased  bicarbonate  concentration  (venous 

not rule out concurrent hyperthyroidism in 

HCO3− less than 20 mEq/l); acidemia is present 

a sick diabetic cat (Reusch 2015). 

if the venous pH is <7.35 (Cooper et al. 2015). 

6)  Urinalysis and urine culture (again, regard-

1)  The anion gap (AG) is calculated by the 

less  of  evidence  of  infection  on  the  urine 

following  formula:  AG  =  {[Na] + [K]}  – 

sediment  exam)  should  be  performed,  as 

{[Cl] + [HCO3]} (Stockham and Scott 2008). 

urinary  tract  infections  are  a  common 

A normal value for an anion gap in a cat is 

comorbidity in DKA patients (Rand 2013). 

12–16  (Cooper  et  al.  2015).  As  electroneu-

7)  Thoracic  radiographs  are  recommended 

trality is maintained, an increase in cations 

to  screen  for  underlying  pneumonia  or 

will occur simultaneously in the body with 

neoplasia. 

an increase in unmeasured anions (such as 

8)  Abdominal ultrasound is recommended to 

ketones).  As  these  unmeasured  anions  are 

screen  for  common  comorbidities  such  as 

not included in the formula for calculating 

acute pancreatitis, hepatic lipidosis, chronic 

anion gap, it will appear as there are more 

kidney disease, and pyelonephritis. 

cations present, with an increased anion gap. 

9)  If  a  heart  murmur  or  gallop  rhythm  is 

2)  Ketones  are  an  unmeasured  anion  and 

detected,  echocardiography  or  at  least 

therefore contribute to an increased anion 

point- of- care focused cardiac ultrasonogra-

gap; other differentials for an increased gap 

phy  is  indicated  to  identify  patients  that 

include lactate, uremic products, and drug 

may be at high risk of fluid intolerance. 

toxicity metabolites such as ethylene glycol 

d)  Treatment of DKA involves correcting dehydration, 

or  aspirin.  Lactate  and  uremic  products 

reversing  ketogenesis,  correcting  hyperglycemia, 

may  both  be  concurrently  contributing  to 

and  resolving  electrolyte  and  acid–base  distur-

an  increased  anion  gap  in  cases  of  DKA 

bances. Treatment also involves (and is unlikely to 

where decreased perfusion has led to hyper-

be  successful  without)  identifying  and  addressing 

lactatemia and a degreased glomerular fil-

underlying  conditions.  When  at  all  possible, 

tration rate. 

patients with DKA should be admitted to the hospi-

iv)  Additional  testing  to  evaluate  systemic  health, 

tal for aggressive therapy and frequent monitoring 

organ function, and screen for underlying causes 

of vitals, electrolytes, and blood glucose levels. 

and comorbidities is indicated. Stabilization may 

i)  Fluid therapy

be required prior to performing these diagnostics. 

1)  Choosing  a  fluid  type— isotonic  crystalloid 

1)  Electrolytes  should  be  measured  includ-

therapy is indicated as the replacement fluid 

ing  sodium,  potassium,  phosphate,  and 

in the majority of cats with DKA. A balanced 

magnesium. Sodium correction should be 

electrolyte  crystalloid  solution  such  as 

performed  using  the  following  equation: 

Plasma- Lyte 148 or lactated Ringer’s solution 
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critically  ill  patients,   frequent  reassess-

If serum sodium levels are low (<130 mEq/l), 

ment  of  fluid  status  and  needs  is  an 

0.9% NaCl may be selected to replace sodium 

essential  component  of  case  manage-

levels  gradually,  at  a  recommended  rate  no 

ment.  Quantifying  urine  output,  serial 

faster than 0.5–1 mEq/l/h. Balanced crystal-

body  weight  measurements,  estimation  of 

loids may be superior to 0.9% NaCl in patients 

hydration status, and auscultating for new 

with normal sodium levels due to the delete-

heart murmurs or gallop rhythms can help 

rious effects of hyperchloremia (acute kidney 

in the detection of early signs of fluid over-

injury,  worsening  metabolic  acidosis,  etc.) 

load and avoiding worsening dehydration. 

(Lombardi et al. 2020), although there is no 

4)  Fluid therapy should be initiated at presen-

evidence yet to support these concerns in vet-

tation prior to the administration of insulin. 

erinary patients. 

Patients should receive IV fluids for at least 

2)  Choosing a fluid bolus dose— many patients 

2–4 hours (but not more than 6 hours) prior 

with  DKA  present  in  hypovolemic  shock 

to starting insulin to avoid worsening hypo-

requiring bolus doses of IV fluids; adminis-

volemia  and  electrolyte  derangements,  as 

ter  isotonic  crystalloids  at  appropriate 

insulin  causes  fluid  and  electrolyte  shifts 

10–15 ml/kg  increments  until  hypovolemia 

from intravascular to intracellular spaces. 

is corrected. Assess the patient’s heart rate, 

ii)  Insulin therapy

respiratory rate, blood pressure, and perfu-

1)  Insulin therapy is required to reverse ketosis 

sion parameters during and between boluses 

and so should be continued until resolution of 

to  monitor  hemodynamic  stability;  subse-

ketosis regardless of glycemic status; dextrose 

quent boluses may be required until resusci-

should be continued until resolution of keto-

tation  end  points  of  normalizing  blood 

sis even in the absence of profound hypergly-

pressure, heart rate, and pulses are achieved. 

cemia; it is recommended to continue insulin 

3)  Choosing  a  fluid  rate— once  a  patient  has 

administration  as  long  as  the  blood  glucose 

become volume- resuscitated, fluids should 

level remains at or greater than 100 mg/dl. 

be  administered  at  a  rate  to  correct  the 

2)  Insulin therapy should be initiated between 

estimated  dehydration  over  24–48 hours; 

2 and 6 hours after initiation of fluid ther-

provide  adequate  maintenance  needs  and 

apy (DiFazio and Fletcher 2016). If insulin 

replace  any  ongoing  urinary  or  GI  losses. 

therapy  is  started  too  soon,  electrolyte 

Fluid rates may be calculated as follows:

derangements  can  become  dangerously 

–  Correcting  dehydration:  estimated  per-

severe,  plasma  osmolality  can  plummet 

cent dehydration × body weight in kilo-

leading to cerebral edema, and fluid shifts 

grams  =  liters  of  fluid  deficit  to  be 

can worsen hypovolemia. If insulin therapy 

replaced over 24–48 hours; (for example, 

is  started  too  late,  DKA  and  its  complica-

7% dehydrated 5 kg cat: 0.07 × 5 = 0.35 l = 

tions can take longer to resolve. 

350 ml  to  be  replaced  over  48 hours  = 

–  It is recommended to delay insulin ther-

7.3 ml/h to correct dehydration). 

apy by 1–2 hours if the potassium level is 

–  Supporting  maintenance  physiologic 

<3.5 mmol/l (Rand 2013). 

needs:  approximately  40 ml/kg/day  (for 

3)  The most common insulin protocols for DKA 

example, 5 kg × 40 ml/kg/day = 200 ml/

in  veterinary  patients  include  continuous 

day = 8.3 ml/h). 

rate  intravenous  infusions  of  short- acting 

–  Replacing  ongoing  losses:  estimate  or 

insulins  and  intermittent  intramuscular 

measure  losses  from  GI  and/or  urinary 

injections  of  short- acting  insulins.  Refer  to 

tract; replace over 12–24 hours (for exam-

Box 30.2 for further information. 

ple, 3 ml/kg/h urinary output). 

iii)  Electrolyte and acid–base therapy

–  The  sum  of  the  abovementioned  three 

1)  Potassium: DKA leads to total body potas-

fluid components may be used to calculate 

sium depletion and hypokalemia (except in 

an hourly rate (for example, 7.3 ml/h for 

states of oliguric or anuric renal failure). As 

rehydration + 8.3 ml/h  for  maintenance 

a result, serum potassium levels should be 

physiologic  needs + 9 ml/h  to  replace 

monitored  initially  every  4  hours  during 

losses = 24.6 ml/h total fluid rate); as in all 

stabilization  and  as  insulin  therapy  is 
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Box 30.2  Insulin Therapy Protocols for Cats 



○ Administer the following:

with Diabetic Ketoacidosis



○ SC glargine insulin: 0.25 U/kg SC q12 hours



○ IM regular insulin: 1 U IM q6 hours if BG > 250 mg/dl

1)  Continuous rate infusion of short- acting insulin: regular, 



○ 2.5% dextrose: added to fluids if BG 80–249 mg/dl

aspart, and lispro



○ 0.5 ml/kg 50% dextrose +5% dextrose: added to 



● An initial dose of 2.2 U/kg is added to a bag of 240 ml 

fluids if BG < 80 mg/dl

0.9% NaCl and 50 ml are run through the line before 

Protocols 2 and 3 may be required in patients with concur-

attaching it to the patient. At a rate of 10 ml/h, this dose 

rent cardiac disease or in oliguric to anuric renal failure prevent-is equivalent to 0.09 U/kg/h. The rate is subsequently 

ing safe administration of large volumes of intravenous fluids. 

adjusted every 2 hours on a sliding scale based on the 


patient’s blood glucose (Macintire 1993). 

initiated  or  as  long  as  patients  remain  on 

Rate of insulin infusion 

high rates of supplementation. Once levels 

comprises 2.2 U/kg 

Blood 

Fluid 

fast- acting insulin 

are  stable,  monitoring  can  be  performed 

glucose (mg/dl)

composition a

per 240 ml saline

every 8–12 hours. 

–  Signs  of  hypokalemia  include  skeletal 

>250

0.9% NaCl

10 ml/h

muscle weakness, ventroflexion of head 

200–249

0.45% NaCl + 

7 ml/h

and neck, plantigrade stance, rhabdomy-

2.5% dextrose

olysis, ileus, supraventricular tachycardia, 

150–199

0.45% NaCl + 

5 ml/h

ventricular  tachycardias,  atrioventric-

2.5% dextrose

ular  (AV)  dissociation,  and  ventricular 

100–149

0.45% NaCl + 

5 ml/h

5% dextrose

fibrillation (Hess 2014). 

–  Continuous electrocardiogram monitor-

<100

0.45% NaCl + 

Stop insulin CRI

5% dextrose

ing is recommended in patients on high 

rates  of  supplementation.  Electrocar-

 a May use either 0.45% NaCl or 0.9% NaCl depending on patient’s diogram  (ECG)  signs  of  hyperkalemia 

sodium needs. 

include  bradycardia  or  occasionally 



● Older doses of 1.1 U/kg were suggested in cats, but are 

tachyarrhythmias,  tall  tented  T- waves, 

not recommended at this time (Claus et al. 2010). 

prolonged QRS complexes, depressed P 



● Regular insulin is the insulin of choice for the insulin 

CRI; however, if it is unavailable lispro insulin (brand 

waves, and in severe cases atrial stand-

name: Humalog) has been evaluated in cats and was 

still,  ventricular  flutter,  fibrillation,  or 

not associated with worse outcomes compared to regu-

arrest (Riordan and Schaer 2014). 

lar insulin (Anderson et al. 2019; Malerba et al. 2019). 

–  In  general,  potassium  supplementation 

2)  Intermittent IM dosing of short- acting regular insulin



● Initial dose of 0.2 U/kg IM followed by smaller or equiv-

rates  are  high  in  DKA  patients  due  to 

alent doses depending on the drop in glucose measure-

insulin’s  effects  of  driving  potassium 

ments performed hourly until the blood glucose falls 

intracellularly (see Box 30.3). Since DKA 

below 250 mg/dl (Nelson 2015; Marshall et al. 2013). 

patients’ fluids are frequently changing, 

it  may  be  most  practical  to  supplement 

Drop in blood glucose

Dose of regular insulin

potassium  at  a  fixed  rate  in  a  separate 

syringe  than  as  a  fluid  additive.  In  rare 

Initial dose

0.2 U/kg  IM

cases,  when  needed,  potassium  supple-

<50 mg/dl/h

0.2 U/kg  IM

mentation  may  be  supplemented  at 

50–75 mg/dl/h

0.1 U/kg  IM

greater than classically considered maxi-

>75 mg/dl/h

0.05 U/kg  IM

mum  potassium  supplementation  rate, 

Blood glucose <250 mg/dl

0.1 – 0.3 U/kg SC q6–8 hours

Kmax (0.5 mEq/kg/h) if close ECG moni-

toring  and  frequent  reassessments  are 

3)  Hybrid protocol of intermittent regular IM insulin 

performed.  Hypomagnesemia  is  a  com-

combined with subcutaneous glargine insulin



● May have an improved time of resolution of ketonemia 

mon  cause  of  refractory  hypokalemia, 

and hyperglycemia and shorter hospital stay when com-

and should be corrected if present. 

pared with low- dose (1 U/kg/day) continuous rate infu-

2)  Magnesium: DKA leads to total body mag-

sion protocol; it has not been compared against the now 

nesium depletion

standard- dose (2.2 U/kg/day) continuous rate infusion 

protocol in cats (Nelson 2015; Gallagher et al. 2015). 

–  Clinical  signs  of  hypomagnesemia 

include  muscle  weakness,  ataxia, 
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Do not start insulin therapy until intravascular volume has 

DKA Patient

been restored and serious electrolyte derangements have 

been corrected (approximately 4–6 hours after onset of fluid 

 Fluid Therapy

and electrolyte supplementation). 

1)  Assess whether or not fluid boluses are needed for hemo-

dynamic resuscitation and administer 10–15 ml/kg iso-

tonic crystalloid boluses over 10–15 minutes followed by 

seizures, 

hypertension, 

cardiac 

reassessment of auscultation, heart rate, blood pressure, 

arrhythmias including atrial fibrillation, 

capillary refill time, etc. 

supraventricular  tachycardia,  ventricu-

2)  Account for restoration of dehydration, replacement of 

lar  tachycardia,  and  fibrillation.  ECG 

ongoing losses, and maintenance of physiologic needs:

Rehydration: estimated % dehydration × body weight 

changes may show prolonged PR inter-

(kg) = liters to be replaced over 24–48 hours. 

val (the period between the beginning of 

Maintenance physiologic needs: approximately 40 ml/kg/day. 

the P wave and the beginning of the QRS 

Replacement: continuous estimation or measurement of 

complex),  widened  QRS,  depressed  ST, 

urinary/GI losses = ml to be replaced over 6–12 hours. 

3)  Frequent reassessments are essential to ensure patient is 

and peaked T waves. Refractory hypoka-

not becoming fluid overloaded (tachypnea, gallop rhythm, 

lemia often occurs as well (Nelson 2015). 

new or louder heart murmur, increasing left atrial size, 

–  Patients  receiving  magnesium  supple-

etc.) or progressively dehydrated/intravascularly volume 

mentation should be monitored for hypo-

deplete (prolonged skin turgor, hypotensive, tachycardic, 

etc.). Adjust plan accordingly. 

tension, AV block, or other arrhythmias, 

as well as for development of hypocalce-

 Potassium Supplementation in DKA Patients

mia (Nelson 2015; Marshall et al. 2013). 

Monitor  every  12–24 hours  in  DKA 

Rate of 

K+ supplementation 

patients. 

K+ concentration 

supplementation 

per liter of 

(mmol/l)

(mEq/kg/h)

fluids (mEq/l)

3)  Phosphorous:  DKA  patients  often  present 

with normal or decreased phosphorous lev-

>5.0

None

None

els;  however,  once  treatment  is  initiated, 

3.5–4.9

0.1

20–30

almost all patients will develop hypophos-

3.0–3.4

0.2

40–50

phatemia which can progress to severe levels, 

2.5–2.9

0.3

50–60

generally  considered  less  than  1 mg/dl, 

2.0–2.4

0.4

60–80

although signs can be seen with phospho-

rous levels less than 1.5 mg/dl (Nelson 2015). 

<2.0

0.5 (Kmax)

80

–  Clinical  signs  of  severe  hypophos-

phatemia  include  hemolytic  anemia, 

 Magnesium Supplementation in DKA Patients

tremoring, or seizures. 

–  Phosphorous  can  be  supplemented  as 

Serum total magnesium

Supplementation rate

sodium  phosphate  or  potassium  phos-

<1.5 mg/dl   OR

0.25–1 mEq/kg/day a as a CRI 

phate.  Note  that  phosphates  must  be 

Clinical signs of 

in 0.9% NaCl or 5% dextrose 

administered in calcium- free fluids (not 

hypomagnesemia present

in water

LRS). Monitor for signs of hypocalcemia 

Life- threatening  ventricular  0.15–0.3 mEq/kg in 0.9% 

and  hypotension.  Monitor  levels  every 

arrhythmias

NaCl or 5% dextrose in water 

12–24 hours in DKA patients. 

given over 5-15 minutes

–  It  is  important  to  account  for  the  total 

 a Reduce dose in azotemic patients by 50–75%. 

potassium supplementation being deliv-

ered  to  the  patient  when  administering 

 Phosphate Supplementation in DKA Patients

potassium phosphate. 

Phosphate 

Phosphate supplementation rate

4)  Bicarbonate: administration in DKA patients 

supplementation

(KPhos contains 3 mmol P and 

is  controversial,  rarely  indicated,  and  not 

4.4 mEq  K/ml)

without severe risk (Chua et al. 2011). Fluid 

(NaPhos contains 3 mmol P and 

therapy and insulin therapy will correct aci-

4 mEq  Na/ml)

dosis in most DKA patients. 

Serum  P < 1.5 mg/dl   OR

0.01–0.03 mmol/kg/h

If clinical signs or 

Can be increased to 0.12 mmol/

–  Risks  associated  with  bicarbonate  ther-

hemolysis are present

kg/h in severe cases. 

apy  include  exacerbation  of  hypoka-

lemia,  paradoxical  cerebrospinal  fluid 

Insulin Therapy (see Box 30.2 for full protocol description)

(CSF) acidosis, and cerebral edema with 
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resultant  CNS  depression  secondary  to 

hemodynamic  instability  and/or  arrhythmias. 

increased  carbon  dioxide  production 

Vitals including heart rate, temperature, blood 

(Hess 2014). 

pressure,  and  respiratory  rate  should  be  fre-

–  Sodium bicarbonate therapy can be con-

quently  recorded  and  continuous  ECG  moni-

sidered if the serum pH is less than 6.9, 

toring should be performed. 

but is not indicated in cases where the pH 

ii)  Fluid  needs  and  tolerance— hydration  status, 

is >6.9 (Kitabchi et al. 2004). Supplement 

serial  body  weight  trends,  and  ins  and  outs 

by  administering  half  of  the  calculated 

should be monitored every 4–6 hours in the ini-

bicarbonate deficit over 6 hours, reassess-

tial stages of treatment. 

ing the acid–base status and discontinu-

iii)  Blood  glucose  should  be  monitored  every  1–2 

ing if possible. 

hours  depending  on  the  insulin  protocol 

–  The bicarbonate deficit can be calculated 

selected (see Box 30.2). 

with  the  following  equation  (Nelson 

iv)  Potassium should be monitored every 4 hours 

2015): mEq HCO3− = body weight (kg) 

in  initial  stages  of  treatment  and  while  the 

× 0.4 × (12 – HCO3−). 

patient is on high rates of supplementation. 

iv)  Treatment of underlying comorbidities

v)  Magnesium and phosphorous should be moni-

1)  Treatment of underlying conditions which 

tored every 12–24 hours. 

may be antagonizing insulin action is essen-

vi)  Ketones  should  be  monitored  daily  for 

tial to resolution of DKA. 

resolution. 

2)  Since urinary tract infections are frequently 

vii)  Due to the need to frequently sample blood, it is 

found in patients presenting with both DM 

recommended to place an intravenous sampling 

(18%)  (Bailiff  et  al.  2006)  and  DKA  (14%) 

line in the patient as soon as possible to avoid 

(Cooper et al. 2015), it is reasonable to initi-

the  need  for  repeat  venipuncture.  Avoid  run-

ate empiric broad- spectrum antibiotic cov-

ning dextrose or high rates of potassium supple-

erage, such as with ampicillin 22 mg/kg IV 

mentation through the sampling line to prevent 

q8h once a urine sample has been obtained 

falsely  elevated  blood  glucose  and  potassium 

for culture. 

readings. Care should also be taken to minimize 

3)  If pancreatitis is suspected, adequate ther-

any  excessive  sampling  or  wasted  blood,  as 

apy with antiemetics and analgesics should 

patients  may  already  be  anemic  or  at  risk  of 

be initiated. 

sampling anemia. 

iv)  Nutrition

f)  Transitioning the DKA patient to outpatient therapy

1)  Cats  should  not  be  allowed  to  fast  more 

i)  Transition  to  long- acting  insulin  can  be  per-

than 2–3 days due to the risk of developing 

formed once the cat is eating and the ketosis is 

hepatic  lipidosis.  Anorexia  is  a  commonly 

resolved  or  markedly  improved.  A  common 

encountered  problem  in  patients  hospital-

starting dose is 0.5–1 U SC glargine twice daily 

ized for DKA. If a prolonged period of ano-

or PZI if available, regardless of the cat’s previ-

rexia preceded presentation and admission 

ous insulin dose, as insulin requirements may 

to the hospital, nutritional therapy should 

have changed (Rudloff 2017). 

be started sooner to avoid deleterious meta-

g)  Limited resources

bolic consequences. Feeding tubes, nasogas-

i)  When  optimal  care  is  declined  due  to  limited 

tric or esophageal, should be placed when 

financial  resources,  a  slightly  cost- reductive 

indicated. 

glargine- only protocol which utilizes intermit-

2)  Diet  selection  should  follow  the  guide-

tent  intramuscular  glargine  in  combination 

lines  discussed  in  the  earlier  text  for 

with additional doses of subcutaneous glargine 

diabetic patients. If renal disease or pan-

depending  on  the  blood  glucose  may  be  used 

creatitis is present, the particular nutritional 

(Marshall et al. 2013). This protocol is described 

considerations  of  those  diseases  should 

in Box 30.2, Protocol #3. 

be  prioritized  over  diabetic  nutritional 

ii)  However,  less  frequent  monitoring  of  glucose 

needs. 

and  electrolytes  predisposes  patients  to  life- 

e)  Monitoring the DKA patient in the acute setting

threatening  hypoglycemia  and  electrolyte  dis-

i)  Hemodynamic  and  cardiovascular  stability 

turbances  leading  to  potential  arrhythmias  or 

should be monitored closely in the initial stages 

even hemolytic anemia which could necessitate 

of treatment. Fluid deficits, shifts, and electro-

red  cell  transfusions  or  further  intensive,  and 

lyte derangements can present life- threatening 

more costly, care. 
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(Rand 2013; Koenig et al. 2004). Because of this 

requires aggressive therapy with fluids, insulin, 

decreased  GFR,  these  cats  often  have  glucose 

and  electrolyte  supplementation,  as  well  as 

concentrations that are twice as high as in cats 

intensive and frequent monitoring to avoid life- 

with DKA or uncomplicated DM. Markedly ele-

threatening complications of treatment. Many 

vated osmolarity is therefore present (Rand 2013). 

pets will also require costly lifelong treatment of 

iv)  Insulin clearance is decreased due to the decreased 

diabetes.  As  a  result,  when  optimal  care  is 

GFR; the resultant higher insulin levels compara-

declined,  euthanasia  is  always  a  reasonable 

tively present in HHS inhibit ketogenesis; this syn-

option for clients to consider. 

drome  is  primarily  characterized  by  marked 

h)  Prognosis

hyperglycemia and subsequent osmotic diuresis, 

i)  General prognosis

hypovolemia,  decreased  GFR,  worsening  hyper-

1)  Retrospective  studies  of  cats  with  DKA 

glycemia, and resultant hyperosmolarity. It is also 

have yielded around a 70% survival to dis-

thought that the hyperosmolar state itself may be 

charge  (Cooper  et  al.  2015;  Bruskiewicz 

inhibitory to lipolysis and the ketone production 

et  al.  1997).  Euthanasia  is  likely  often 

pathways (Pasquel and Umpierrez 2014). 

elected in patients that might survive with 

b)  Signalment,  history,  physical  exam,  and  clini-

treatment  due  to  the  financial  burden  of 

cal signs

hospitalization and treatment as well as the 

i)  Signalment: older cats with history of chronic 

need for potential lifelong treatment. 

renal disease and neoplasia are at greatest risk 

2)  Duration  of  hospitalization  is  5–6  days 

of developing HHS (Koenig et al. 2004). 

(Cooper et al. 2015; Bruskiewicz et al. 1997). 

ii)  Cats diagnosed with HHS will often have a his-

3)  In cats, poor outcome of DKA is associated 

tory  of  chronic  severe  dehydration  leading  to 

with  azotemia,  hypermagnesemia,  and 

hypernatremia and therefore predisposing them 

hyperbilirubinemia at presentation (Cooper 

to  become  hyperosmolar  (Rand  2013;  Koenig 

et al. 2015). 

et al. 2004). 

4)  Reported  rates  of  subsequent  episodes  of 

iii)  Clinical signs of HHS are very similar to DKA— 

DKA  in  cats  vary  between  18  and  43% 

dehydration,  hypovolemia,  and  hypokalemia— 

(Cooper et al. 2015; Bruskiewicz et al. 1997). 

they are more likely to have severe CNS depression 

v)  Clinical  resolution  of  diabetes  mellitus 

or other neurologic complications (Rand 2013). 

post DKA

iv)  Concurrent diseases are often present in cats pre-

1)  Remission  of  diabetes  in  cats  with  DKA 

senting  with  HHS  similarly  to  DKA;  common 

has  been  documented  (Sieber- Ruckstuhl 

comorbidities  include  renal  failure,  congestive 

et al. 2008). No difference in rate of remission 

heart failure, infection, pulmonary disease, and 

has been found in cats with uncomplicated 

pancreatitis  (Rand  2013;  Nelson  2015;  Koenig 

DM and those that have experienced DKA. 

et al. 2004). Chronic renal failure is more com-

C)  Hyperglycemic Hyperosmolar Syndrome

mon in patients with HHS than in patients with 

a)  Pathophysiology and definition

DKA (Koenig et al. 2004). 

i)  HHS is a rare complication of DM in cats that is 

c)  Diagnosis

associated with a high mortality rate. There is 

i)  Findings of hyperglycemia greater than 600 mg/

overlap in the definition and clinical presenta-

dl, plasma osmolarity greater than 350 mOsm/l, 

tion of both DKA and HHS. The syndromes are 

and CNS depression or coma are supportive of a 

not  entirely  separate  diseases,  but  rather  syn-

diagnosis  of  HHS  (Rand  2013;  Nelson  2015). 

dromes on a spectrum of complicated DM. HHS 

Oftentimes, blood glucose will exceed the meas-

is defined as a hyperglycemic state (blood glu-

urement  range  on  point- of- care  glucometers 

cose  concentration > 600 mg/dl)  and  a  concur-

and so a calculation cannot be made in an emer-

rent  plasma  hyperosmolarity  (>350 mOsm/l) 

gency setting. 

with  concurrent  neurological  depression 

1)  Plasma osmolality can be calculated with the 

(Rand 2013; Nelson 2015). 

following formula: plasma osmolality = 2 × 

ii)  Plasma  osmolarity  is  more  significantly  deter-

[sodium] + [glucose/18] + [urea 

nitro-

mined by sodium concentrations, and the pres-

gen/2.8] (sodium in mmol/l and urea nitro-

ence of hyponatremia in many cats with DKA is 

gen and glucose in mg/dl) (Koenig 2014). 

protective from HHS. 

2)  Effective  plasma  osmolality  (the  tonicity) 

iii)  Cats that are at risk of developing HHS are those 

excludes urea nitrogen from the equation, 

that have a history of chronic dehydration lead-

since  it  is  freely  permeable  across  mem-

ing  to  hypernatremia  and  decreased  GFR 

branes; a better estimate may then be made 
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with just using the sodium and glucose in 

Once starting the insulin infusion, if blood glucose 

the abovementioned formula (Koenig 2014). 

levels begin decreasing faster than 50–75 mg/dl/h, 

3)  Sodium correction calculations should be per-

slow down the rate to avoid cerebral edema. 

formed (see in the earlier text for equation), 

b)  Intermittent IM insulin protocol; do not start until 

since glucose levels are markedly elevated. 

blood glucose is decreasing at a rate  less  than 

50–75 mg/dl/h with fluid therapy (Koenig 2014). 

d)  Treatment approach to HHS

i)  Treatment of HHS consists of gradual correction 

of fluid deficits, slow reduction in blood glucose 

Serum glucose (mg/dl)

Dose of insulin and frequency

levels with insulin therapy and close monitoring 

Initial

0.1 U/kg regular insulin IM

and correction of electrolytes and, in particular, 

>300

0.05 U/kg q1–2 hours

osmolality. A general treatment approach to the 

>300, and decreasing faster  0.025–0.4 U/kg q1–2 hours

HHS patient is outlined in Box 30.4. 

than 75 mg/dl/h

<300

0.05 U/kg q4–6 hours

Box 30.4  Step- by- Step Approach to the 

<300, and decreasing faster  0.025–0.4 U/kg q4–6 hours

Hyperglycemic Hyperosmolar State Patient

than 75 mg/dl/h

Once patient is eating and drinking, long- acting insu-

1)  Fluid Therapy

lin can be initiated as described in the earlier text. 

a)  Required to restore intravascular volume, promote 

c)  Investigation and treatment of underlying diseases. 

rehydration, and increase GFR. 

4)  A systemic workup should be completed to investigate 

b)  Assess patient’s tolerance to fluid therapy (consider 

underlying causes that may have precipitated the event 

focused cardiac assessment with ultrasound, frequent 

including: CBC, serum chemistry, urinalysis and culture, 

monitoring of respiratory rate, and auscultation for 

serum thyroxine, thoracic radiographs, echocardiogram, 

gallop rhythm and murmur). 

abdominal ultrasound, and other diagnostics as indi-

c)  Administer IV boluses 10–15 ml/kg of isotonic crys-

cated based on history and exam findings. 

talloid fluids as needed until end points of resuscita-

tion (normal blood pressure, heart rate, perfusion 

parameters, etc.) are achieved. 0.9% NaCl is a safe 

ii)  Due  to  their  profoundly  elevated  osmolarity, 

choice in most patients with HHS to avoid dropping 

plasma osmolality levels too quickly. 

these cats are at great risk of large fluid shifts 

d)  Select a fluid rate of an isotonic crystalloid fluid to 

when IV fluids and/or insulin are administered 

include rehydration over 48 hours, physiologic main-

(Rand  2013).  A  concentration  gradient  can 

tenance needs (approximately 40 ml/kg/day), and 

develop  between  the  plasma  and  intracellular 

replacement of ongoing losses through gastrointesti-

nal or urinary tract. 

fluid predisposing the patient to developing cer-

2)  Electrolyte Therapy

ebral edema. 

a)  Hypernatremia should be corrected with fluid therapy 

iii)  Fluid resuscitation in HHS should be more con-

at a rate of 0.5–1 mEq/l/h. 

servative  than  in  standard  DKA  treatment. 

b)  Potassium, magnesium, and phosphorous should be 

measured, supplemented, and monitored as previ-

Fluid deficits may be replaced over 36–48 hours. 

ously described (see Box 30.3). 

Serum osmolarity should be closely monitored 

c)  Acidosis if present usually is due to lactate and uremic 

and  ideally  not  decreased  by  more  than 

acids and will correct with appropriate fluid therapy. 

0.5–1 mOsm/h  (Rand  2013;  Koenig  2014). 

3)  Insulin Therapy

a)  Continuous rate infusion of insulin: add 1 U/kg of 

Consider  both  declining  sodium  and  glucose 

regular insulin to 250 ml 0.9% NaCl and give as a CRI 

levels in the serum osmolarity. 

at the rate provided in the following text:

iv)  Insulin  infusion  rates  can  be  lower  as  well 

because severe ketosis is not present in cases of 

Serum glucose (mg/dl)

Rate (ml/h)

Fluid additive

HHS;  it  is  recommended  to  not  start  insulin 

therapy until the blood glucose is dropping less 

>250

10

–

than 50–75 mg/dl/h. 

200–249

7

2.5% dextrose

1)  Fluid therapy alone will likely significantly 

150–199

5

2.5% dextrose

correct  the  majority  of  the  hyperglycemia; 

100–149

5

5% dextrose

since ketones are not usually present in large 

<100

0

5% dextrose

quantities,  insulin  is  not  required  for  their 

metabolism. Aggressive insulin therapy will 

Check blood glucose every 1–2 hours; do not start 

likely drop the blood glucose levels too rap-

insulin therapy until blood glucose is decreasing at a 

rate   less  than 50–75 mg/dl/h. If unable to measure 

idly, increasing the risk of neurologic damage. 

blood glucose (out of range of point- of- care glucom-

2)  It is recommended to start the insulin infu-

eter), wait at least 4–6 hours after initiating fluid 

sion rate at approximately half the standard 

therapy prior to starting insulin therapy. 

dosage used in DKA, instead adding 1 U/kg 

364  Management of Specific Endocrine and Metabolic Diseases: Diabetes Mellitus to a bag with 240 ml 0.9% saline instead of 

v)  As in treatment of DKA, electrolyte derange-

2.2 U/kg (Nelson 2015; Koenig 2014). 

ments should be  corrected prior to  onset  of 

3)  In patients that cannot tolerate significant 

insulin  therapy  as  discussed  in  the  ear-

IV fluid rates, such as patients with concur-

lier text. 

rent  congestive  heart  failure,  an  intermit-

e)  Prognosis

tent IM protocol may be used. 

i)  Data in cats with HHS are limited, but one ret-

4)  Regardless of the insulin protocol selected, 

rospective study found that only 35.3% of cats 

it is imperative to recheck the blood glucose 

diagnosed  with  HHS  survived  to  discharge, 

levels frequently, every 1–2 hours initially, 

much  lower  than  survival  rates  found  in  cats 

to determine it is not falling too rapidly. 

with DKA (Koenig et al. 2004). 
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Management of Specific Endocrine and Metabolic Diseases: Other

 Cynthia R. Ward

UNIQUE FEATURES



● Cats with thyroid storm present with acute manifestations of thyroid hormone excess and should be aggressively treated to minimize mortality. 



● The most common cause for a low Na:K ratio in the cat is cavitary effusion and not hypoadrenocorticism; cortisol sampling times for adrenocorticotropic hormone (ACTH)- stimulation testing in the cat using the IV protocol are at 0, 60, and 90 minutes. 



● Hyperaldosteronism in the cat is a rare endocrinopathy that results in severe hypokalemia and hypertension. 

   ● Medical treatment for hyperadrenocorticism in cats using trilostane has been successful. 

A) Thyroid storm

iii)  Neurologic

a)  Thyroid storm is an acute thyrotoxic manifestation 

1)  Hyperactivity. 

of hyperthyroidism in cats and can be a significant 

2)  Hyperesthesia. 

cause of mortality. 

3)  Ataxia/paresis. 

b)  Etiology

4)  Altered mentation. 

i)  Rapid increases in free thyroid hormone. 

5)  Seizure. 

ii)  Increased cellular sensitivity to the hormone. 

6)  Coma. 

iii)  Increased  activity  of  the  sympathetic  nerv-

iv)  Muscular

ous system. 

1)  Severe muscle atrophy. 

c)  Precipitating events that may be linked to the devel-

2)  Generalized weakness. 

opment of thyroid storm

3)  Neck ventroflexion. 

i)  Surgery. 

v)  Gastrointestinal/hepatic dysfunction

ii)  Nonthyroidal illness. 

1)  Diarrhea. 

iii)  Vigorous palpation of the thyroid gland. 

2)  Vomiting. 

iv)  Sudden withdrawal of antithyroid medication. 

3)  Unexplained hyperbilirubinemia. 

v)  Administration  of  iodine- containing  agents, 

vi)  Acute respiratory distress. 

such as radioiodine or potassium iodide. 

vii)  Hypovolemia. 

vi)  Trauma. 

viii)  Hypertension. 

d)  Clinical presentation

ix)  Hyperthermia. 

i)  Signalment— middle- aged  to  older- aged  cats, 

e)  Clinical pathology abnormalities

no breed/sex predilection. 

i)  Complete blood count (CBC)

ii)  Cardiovascular

1)  Mild erythrocytosis. 

1)  Congestive heart failure. 

2)  Macrocytosis. 

2)  Cardiac arrhythmias. 

3)  Mature  neutrophilia,  lymphopenia,  and 

3)  Cardiac murmurs. 

eosinopenia (stress leukogram). 

4)  Gallop sounds. 

ii)  Chemistry

5)  Thromboemboli. 

1)  Mild hyperglycemia. 
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f)  Diagnosis

AST, etc.). 

i)  Newly or previously diagnosed hyperthyroidism. 

3)  Hyperbilirubinemia. 

ii)  Clinical signs as listed in the earlier text. 

4)  Mild–severe hypokalemia. 

iii)  Presence  of  clinical  abnormalities  in  three  or 

iii)  Lack of urine concentrating ability. 

more  separate  organ  systems  may  indicate 

iv)  Elevated  serum  T4  or  elevated  serum  T4 

impending thyroid storm. 

and fT4. 

g)  Treatment (Table 31.1)

Table 31.1  Medications used in managing feline endocrine diseases. 

Medications

Usages

Doses

Comments

Methimazole

Blocks thyroid hormone production 2.5–5 mg q12h, orally, 

Immune- mediated side effects

transdermally, rectally

Iopanoic acid

Blocks peripheral T4 to T3 

100–150 mg PO q24h

Not commercially available in the USA

conversion

Potassium iodate

Blocks thyroid hormone release

25 mg q8 h PO

Atenolol

Beta- blockade

6.25 mg/cat PO q 24

Propranolol

Beta- blockade, inhibits T4 to T3 

0.02 mg/kg slow IV

peripheral conversion

2.5–5 mg PO q8–12h

Esmolol

Short- acting beta- blockade

Load: 200–500 μg/kg IV 

over 1 minute

25–200 μg/kg/min CRI

Dexamethasone

Weak inhibitor of peripheral T4 to  0.1 mg/kg q12–24h

10× canine dose

T3 conversion

0.0.02–0.04 mg/kg IV q24h

Glucocorticoid replacement

0.1 mg/kg IV

Adrenal axis testing

Amlodipine

Antihypertensive

0.625–1.25 mg PO or 

rectally q12–24h

Enalapril or benazepril

Antihypertensive

0.25–0.5 mg/kg q 12–24h

Telmisartan

Antihypertensive

1.5 mg/kg q 12–2 mg/kg 

q24

Nitroprusside

Antihypertensive

0.5–5 μg/kg/min as a CRI

Potassium gluconate

Potassium replacement

0.5 mEq/kg PO q24h

Potassium chloride

Potassium replacement

0.1–0.5 mEq/kg/h IV

B complex vitamins

Support

2–4 ml/l of IV fluids

Unfractionated heparin

Anticoagulation

200–400 U/kg SQ q8h

Clopidogrel

Anticoagulation

18.75 mg/cat PO q 24h

Cortrosyn

Adrenal axis testing

125 mg IV or IM

Postinjection sampling times differ 

depending on route of delivery

ACTH gel

Adrenal axis testing

2.2 U/kg IM

Obtain at reliable compounding 

pharmacies. May not be of 

standardized strength

Prednisone

Glucocorticoid replacement

0.2–0.4 mg/kg PO q24h

Methylprednisolone acetate Glucocorticoid replacement

5–10 mg SQ, IM once per  May cause diabetes mellitus

month

Desoxycorticosterone 

Mineralocorticoid replacement

2.2 U/kg IM q25–28 days

pivalate (DOCP)

Fludrocortisone acetate 

Mineralocorticoid replacement

0.1 mg PO q24h

(Florinef)

Spironolactone

Blockage of aldosterone

2–3 mg/kg PO ql2h

Trilostane

Medical treatment of 

5 mg/kg PO q24h

hyperadrenocorticism
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i)  Treatment of nonthyroidal illness or other pre-

4)  Aspirin 5 mg/cat q72h. 

cipitating cause. 

5)  Clopidogrel 18.75 mg/cat PO q24h. 

ii)  Inhibition of hyperactive thyroid gland tissue

6)  Unfractionated  heparin  200–400 U/kg  SQ 

1)  Methimazole 2.5–5 mg BID

q8h until aPTT 1.5–2× > baseline. 

–  Oral. 

–  Ensure  patient  is  adequately  hydrated 

–  Transdermal— in PLO gel. 

and perfused prior to SQ injections. 

–  Rectal— dissolve  crushed  tablet  in 

B)  Hypoadrenocorticism

warm water. 

a)  Hypoadrenocorticism is a rare disease in cats. 

2)  Iodine preparations

b)  Etiology

–  Prevents  release  of  preformed  thyroid 

i)  Primary disease— most common

hormone in thyroid gland. 

1)  Idiopathic. 

–  Give methimazole 1 hour before adminis-

2)  Neoplastic infiltration and lymphoma. 

tration  of  these  compounds  to  prevent 

ii)  Iatrogenic  secondary  disease— acute  with-

new hormone synthesis. 

drawal of methylprednisolone acetate or other 

–  Iopanoic acid 100–150 mg PO q24h (not 

glucocorticoids at high doses. 

commercially available in the USA). 

c)  Clinical presentation

–  Potassium iodate 25 mg q8h. 

i)  Signalment: young to middle- aged cats (range 

iii)  Inhibition of peripheral thyroid hormone effects

1.5–14 years). 

1)  B- blockade

ii)  History

–  Atenolol 6.25 mg/cat PO q 24. 

1)  Waxing and waning clinical signs. 

–  Propranolol

2)  Weight loss. 

● 

May also have weak activity to inhibit 

3)  Anorexia. 

T4 to T3 peripheral conversion. 

4)  Lethargy. 

● 

0.02 mg/kg slow IV, may repeat up to 

5)  Intermittent vomiting. 

four times. 

6)  High doses of glucocorticoids administered 

● 

2.5–5 mg PO q8–12h. 

in repository form or acute withdrawal from 

–  Esmolol

short- acting glucocorticoids. 

● 

Load  at  200–500 μg/kg  IV  over 

iii)  Clinical signs

1 minute. 

1)  Depression. 

● 

25–200 μg/kg/min CRI. 

2)  Weakness. 

2)  Dexamethasone

3)  Dehydration. 

–  Inhibits peripheral conversion of T4 to T3. 

4)  Hypothermia. 

–  mg/kg q12–24h. 

5)  Collapse/weakness. 

iv)  Management of hypertension

6)  Bradycardia. 

1)  Enalapril  or  benazepril  0.25–0.5 mg/kg 

iv)  Clinicopathologic abnormalities

q12–24h. 

1)  CBC— nonregenerative anemia. 

2)  Amlodipine:  0.625–1.25 mg  PO  or  rectally 

2)  Chemistry

q12–24h. 

–  Hyponatremia. 

3)  Telmisartan:  1.5 mg/kg  q  12–2 mg/kg 

–  Hyperkalemia. 

PO q24h. 

–  Sodium–potassium ratio < 27:1. 

4)  Nitroprusside:  0.5–5 μg/kg/min  as  a  con-

–  Hypochloridemia. 

stant rate infusion. 

–  Hypercalcemia. 

–  Monitor  blood  pressure  closely  to  avoid 

–  Azotemia. 

hypotension. 

–  Hyperphosphatemia. 

v)  Supportive care

–  Metabolic acidosis. 

1)  IV  fluid  therapy  ±  potassium  chloride  as 

3)  Urinalysis: ± isosthenuria. 

necessitated  by  hydration  status  (see 

4)  Imaging studies

Chapter 8—Fluid Therapy). 

–  Microcardia. 

2)  Potassium  gluconate  if  hypokalemic  at 

–  Pulmonary hypoperfusion. 

0.5 mEq/kg PO per day. 

–  Small  or  nonvisualized  adrenal  glands; 

3)  B  complex  vitamins  at  2–4 ml/l  of 

may  be  enlarged  with  abnormal  echo-

IV fluids. 

genicity if infiltrative disease. 
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–  Increase  to  0.5 mg/kg  PO  q12–24h  for 

i)  Major differential diagnoses

stressful events. 

1)  Pleural,  peritoneal,  or  bicavitary  effusion 

2)  Methylprednisolone acetate if oral medica-

(these are associated with low serum sodium 

tion prohibited

and high serum potassium concentrations). 

–  5–10 mg SQ per month. 

2)  Renal failure. 

–  Increases possibility of diabetes mellitus. 

3)  Gastrointestinal disease. 

v)  Long- term mineralocorticoid replacement

4)  Diabetes mellitus. 

1)  Desoxycorticosterone  pivalate  (DOCP; 

5)  Hyperthyroidism. 

Percorten- V,  Novartis  Animal  Health): 

ii)  ACTH- stimulation  test— tests  adrenal  reserve 

2.2 U/kg IM q 25–28 days. 

of cortisol secretion

2)  Fludrocortisone  acetate  (Florinef,  Bristol 

1)  Synthetic ACTH (cortrosyn)

Myers Squibb): 0.1 mg q24h. 

–  125 μg IM, serum cortisol samples 0, 30, 

f)  Monitoring

and 60 minutes. 

i)  Serum Na/K levels to determine mineralocorti-

–  125 μg  IV,  serum  cortisol  samples  0,  60, 

coid therapy; adjust if necessary. 

and 90 minutes. Use caution, as vomiting 

ii)  Glucocorticoid  therapy  monitoring  relies  on 

and  collapse  have  been  associated  with 

the  owner’s  reports  of  attitude,  appetite,  and 

IV administration in cats. 

energy levels at home. Weight gain can also be 

2)  ACTH gel: 2.2 U/kg IM, serum cortisol sam-

monitored.  There  is  no  need  to  repeat  an 

ples 0, 60, and 120 minutes. 

ACTH- stimulation test. 

3)  To support a diagnosis of hypoadrenocor-

g)  Prognosis— excellent  long- term  prognosis  for 

ticism,  baseline  and  post-  ACTH  serum 

hypoadrenocorticism if condition is recognized and 

cortisols should be below the cortisol refer-

treated appropriately. 

ence range. 

C)  Hyperaldosteronism (Conn’s syndrome)

e)  Treatment

a)  Rare disease in cats. 

i)  Goals

b)  Etiology

1)  Correct hypovolemia. 

i)  Oversecretion of aldosterone. 

2)  Correct acid/base abnormalities. 

ii)  Unilateral  or  bilateral  adrenocortical  tumors, 

3)  Correct electrolyte deficiencies. 

benign or malignant. 

4)  Correct adrenal cortical hormone deficiencies. 

iii)  Bilateral adrenocortical hyperplasia. 

ii)  IV fluid therapy to correct hypovolemia

c)  Clinical presentation

1)  0.9% saline, replaces sodium, and does not 

i)  Signalment

add potassium. 

1)  Middle- aged to older cats (range 6–20 years). 

2)  If  serum  sodium  is  very  low,  <125 mg/dl, 

2)  No breed/sex predilection. 

raise  sodium  more  slowly;  consider  using 

ii)  History

lactated  Ringer’s  solution,  which  has  a 

1)  Episodic lameness or muscle weakness. 

lower sodium than saline and lower potas-

2)  Polyuria/polydipsia. 

sium than many of the replacement fluids 

3)  Vision loss. 

(see  Chapter  8—Fluid Therapy  &  Chapter 

4)  Polyphagia. 

34—Pediatric Emergencies). 

5)  Weight loss. 

3)  If severe hypovolemia, may need bolus flu-

iii)  Clinical signs

ids to shock dose of 60 mL/kg/h. 

1)  Hypokalemic polymyopathy

iii)  Initial glucocorticoid replacement

–  Ventroflexion of neck. 

1)  Dexamethasone

–  Hind limb weakness. 

–  Best choice until ACTH- stimulation test 

–  Paresis. 

can be performed, since it will not inter-

2)  Retinal abnormalities

fere with cortisol assay. 

–  Detachment. 

–  Use  quick- acting  formulation,  such  as 

–  Tortuous vessels. 

dexamethasone SP. 

–  Hemorrhages. 

–  mg/kg  IV  to  correct  deficiencies  and 

–  Bullae. 

account for stress in the acutely ill animal. 

–  Edema. 

iv)  Long- term glucocorticoid replacement

3)  Hypertension

1)  Prednisolone

iv)  Clinicopathologic changes

–  0.2–0.4 mg/kg PO q24h. 

1)  Hypokalemia (common). 

[image: Image 102]
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2)  Hypernatremia (uncommon). 

c)  Clinical presentation

3)  Metabolic alkalosis. 

i)  Middle- aged  to  older  cats  (5–16 years),  no 

4)  Azotemia. 

breed or sex predilection. 

5)  Elevated creatine kinase (CK)

ii)  Concurrent  insulin- resistant  diabetes  melli-

6)  Elevated plasma aldosterone. 

tus (80%). 

v)  Diagnostic imaging

iii)  Thin, fragile skin (See Figure 31.1). 

1)  Unilateral or bilateral adrenal mass(es). 

iv)  Large, nonhealing cutaneous wounds. 

2)  ±Mass extension into the vena cava. 

v)  Polyuria/polydipsia. 

3)  Bilaterally enlarged adrenal glands. 

vi)  Polyphagia. 

d)  Diagnosis

vii)  Recurrent  cutaneous,  upper  respiratory,  and 

i)  Appropriate history and clinical signs. 

urinary tract infections. 

ii)  Appropriate  biochemical  data,  hypokalemia 

viii)  Lethargy. 

most important. 

ix)  Muscle atrophy. 

iii)  Elevated plasma aldosterone levels, especially 

x)  Weakness and plantigrade stance

with hypokalemia. 

xi)  Abdominal enlargement. 

iv)  Presence  of  unilateral  or  bilateral  adrenal 

xii)  Alopecia/failure to regrow hair. 

masses on diagnostic imaging. 

d)  Clinicopathologic findings

v)  Fludrocortisone  suppression  test  measuring 

i)  Elevated alkaline phosphatase (ALP) and ALT. 

urinary aldosterone:creatinine ratio. 

ii)  Hypercholesterolemia. 

e)  Treatment

iii)  Hyperglycemia. 

i)  Correction of hypokalemia

iv)  Mature neutrophilia, lymphopenia, and eosin-

1)  Oral potassium gluconate: 0.5 mEq/kg PO. 

openia (stress leukogram). 

2)  Potassium  chloride  IV  not  to  exceed 

v)  Glucosuria. 

0.5 mEq/kg/h. 

vi)  Lack of urine concentrating ability. 

ii)  Blockage  of  aldosterone— spironolactone: 

vii)  Proteinuria. 

2–3 mg/kg PO q12h. 

viii)  Bacteriuria and pyuria. 

iii)  Treatment of hypertension

e)  Diagnosis

1)  Enalapril  or  benazepril:  0.5–2 mg/kg 

i)  Screening tests

PO q12h. 

1)  Low- dose dexamethasone suppression test

2)  Amlodipine:  0.625–1.25 mg  PO  or  rectally 

–  0.1 mg/kg  dexamethasone  IV  (10× 

q12–24h. 

canine dose). 

3)  Telmisartan: 1.5 mg/kg q 12–2 mg/kg PO q 24. 

–  Serum  cortisol  measured  0,  4,  and 

4)  Nitroprusside:  0.5–5 μg/kg/min  as  a  con-

8 hours. 

stant rate infusion. 

–  Cortisol  not  suppressed  at  4  and/or  8 

iv)  Definitive treatment

hours— supports  diagnosis  of  feline 

1)  Surgical removal of tumor. 

hyperadrenocorticism. 

2)  Advanced imaging should be performed to 

determine  whether  tumor  has  invaded 

vessels. 

f)  Prognosis

i)  Medical treatment improves clinical signs, but 

will not normalize blood values. 

ii)  Medical treatment can preserve quality of life 

for  1–3  years;  euthanasia  is  usually  due  to 

chronic renal failure. 

iii)  Surgical removal of nonmalignant tumor yields 

good response of up to 6 years. 

D) Hyperadrenocorticism

a)  Uncommon disorder in cats; being recognized more 

frequently. 

b)  Etiology

i)  Pituitary adenoma (85%). 

ii)  Adrenal adenoma. 

Figure 31.1   Nonhealing wound of a cat with thin skin due to iii)  Adrenal carcinoma. 

hyperadrenocorticism. 
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–  Cannot be used as a differentiating test as 

–  Monitor  with  ACTH- stimulation  test 

in dogs. 

with  the  goal  of  having  pre-  and  post- 

2)  ACTH- stimulation test

ACTH cortisol concentrations between 1 

–  40–50%  of  cats  with  hyperadrenocorti-

and 4 μg/dl. 

cism  will  show  a  normal  response 

–  Monitor serum Na/K levels. 

to ACTH. 

–  In cats with diabetes mellitus, reduce insu-

–  Synthetic ACTH (cortrosyn)

lin by at least 25% before starting trilostane, 

5 μg/kg or 125 μg/cat IV, serum corti-

as insulin requirements will decrease. 

sol samples 0, 60, and 90 minutes. 

ii)  Surgical

–  An  exaggerated  response  to  ACTH  of 

1)  Unilateral adrenalectomy. 

>19 μg/dl is consistent with a diagnosis of 

2)  Bilateral adrenalectomy in cats that cannot 

hyperadrenocorticism. 

be medicated orally. 

ii)  Differentiating tests

3)  Control  clinical  signs  of  hyperadrenocorti-

1)  Plasma endogenous ACTH concentration

cism  with  trilostane  for  at  least  2  weeks 

–  Single plasma sample submitted. 

before surgery to heal skin lesions and con-

–  Special  handling  of  sample  (call  lab  for 

trol diabetes mellitus if present; insulin dose 

specifics). 

should be decreased by at least 25% before 

–  Pituitary- dependent disease: ACTH con-

initiating trilostane. 

centrations normal to high. 

4)  If  bilateral  adrenalectomy,  glucocorticoid, 

–  Adrenal- dependent  disease:  ACTH  con-

and mineralocorticoid therapies will be nec-

centrations low or nondetectable. 

essary for life. 

2)  Abdominal ultrasonography

–  Desoxycorticosterone  pivalate  (DOCP; 

–  Unilaterally enlarged or calcified adrenal 

Percorten- V,  Novartis  Animal  Health): 

gland 

supports 

adrenal- dependent 

2.2 U/kg IM q 30 days. 

hyperadrenocorticism. 

–  Prednisolone 0.4 mg/kg PO SID. 

–  Bilaterally  enlarged  adrenal  glands 

–  Methylprednisolone  acetate,  Depo- 

support 

pituitary- dependent 

Medrol, 10 mg IM q 30 days. 

hyperadrenocorticism. 

5)  Unilateral  adrenalectomy— glucocorticoid 

3)  Magnetic  resonance  imaging— can  detect 

and  mineralocorticoid  therapies  may  be 

presence of a pituitary tumor. 

necessary  for  several  weeks  while  the 

f)  Treatment

healthy adrenal gland regenerates. 

i)  Medical

g)  Prognosis

1)  Trilostane

i)  Successful treatment of hyperadrenocorticism 

–  Begin with 5 mg/kg PO q24h and adjust 

will decrease or eliminate insulin requirement. 

as necessary. 

ii)  Prognosis is good with successful control. 
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32

Electrolyte Disorders

 Linda Martin, Emilia Terradas Crespo, and Karin Unger

UNIQUE FEATURES



● Electrolyte disorders are common in feline emergency and critically ill patients. Electrolyte disorders should be suspected in all patients predisposed to their development (disease processes or therapeutic modalities that can lead to alterations in electrolyte status) and exhibiting clinical signs consistent with electrolyte abnormalities. 

A) Sodium

–  Regulate  thirst  and  the  release  of 

a)  General points

antidiuretic  hormone  (ADH)  and  there-

i)  Distribution

fore  indirectly  regulate  sodium  concen-

1)  Sodium is the primary cation in the extracel-

tration through regulation of body water 

lular fluid. 

content. 

2)  The  difference  between  intracellular  and 

3)  Kidney

extracellular  concentrations  of  sodium  is 

–  Responsible  for  balancing  the  excretion 

due  to  the  sodium/potassium- adenosine 

of  salt  and  water  under  the  control  of 

triphosphate (ATP) pump. 

ADH and aldosterone. 

ii)  Functions of sodium

–  Sodium  is  filtered  by  the  glomeruli  and 

1)  Sodium is vital to the maintenance of extra-

reabsorbed by the renal tubules. 

cellular fluid volume. 

4)  ADH  secretion  is  also  triggered  by  hypov-

2)  Sodium  is  the  major  contributor  to 

olemia, when the baroreceptors (aortic arch 

osmolality. 

and carotid sinus) sense a decrease in extra-

–  Osmolality is calculated from the follow-

cellular fluid. 

ing formula:

b)  Hyponatremia

Osmolality  (mOsm/l)  =  2(Na + K) + 

i)  Causes of hyponatremia (Table 32.1)

BUN (mg/dl)/2.8 + glucose (mg/dl)/18. 

1)  Hyponatremia  can  be  real  or  artifactual 

–  Normal  osmolality  for  cats  is 

(pseudohyponatremia). 

308–335 mOsm/l. 

–  To determine if the hyponatremia is real, 

3)  Serum sodium concentration and osmolal-

osmolality should ideally be measured. If 

ity vary in parallel, except when large num-

the  osmolality  is  low  (<308 mOsm/l), 

bers  of  effective  osmoles  are  present  (e.g., 

then true hyponatremia is present. 

glucose,  mannitol,  etc.)  and  when  normo- 

2)  True hyponatremia

osmolar hyponatremia occurs. 

–  Physical and historical assessment of vas-

iii)  Homeostasis/regulation

cular  volume  status  can help  determine 

1)  Serum sodium concentration is regulated by 

the underlying cause (see Table 32.1). 

changes in water balance, not by changes in 

3)  Pseudohyponatremia

sodium or volume. 

–  Occurs as a result of lipids, proteins, or 

2)  Osmoreceptors in the hypothalamus

high serum viscosity that causes sample 

–  Respond to very small changes in serum 

dilution,  resulting  in  spuriously  low 

sodium concentration (1% = 1–2 mEq/l). 

serum sodium concentrations. 
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Table 32.1  Causes of hyponatremia. 

Table 32.1  (Continued)



●

Normal plasma osmolality

Concurrent hypervolemia



○



● Hyperlipidemia

Severe liver disease



○



● Hyperproteinemia

Congestive heart failure



○

Elevated plasma osmolality

Nephrotic syndrome



○



● Hyperglycemia

Acute or chronic renal failure



○



● Mannitol administration

Water intoxication



● Severe azotemia

Decreased plasma osmolality



● Concurrent hypovolemia

4)  Low  serum  sodium  concentrations  may 

○ 

occur  in  the  presence  of  increased  plasma 

Circulatory shock

osmolality  (>355 mOsm/l)  as  a  result  of 

○  Renal loss

hyperglycemia  or  mannitol  administration 



▪ Hypoadrenocorticism

(known as effective osmoles). Glucose and 



▪ Excessive diuretic administration

mannitol  can  cause  fluid  to  shift  from  the 



▪ Salt- losing nephropathy

intracellular to the extracellular fluid space 



▪ Renal insufficiency

with  an  accompanying  decrease  in  serum 



▪ Cerebral salt- wasting syndrome

sodium concentration as a result of dilution. 

○  Extrarenal loss

–  Each  100–mg/dl  increase  in  serum  glu-

cose  concentration  decreases  serum 



▪ Gastrointestinal loss

sodium concentration by 1.6–2.4 mEq/l. 



➢ Vomiting

5)  If a lipid layer is not noted in the superna-



➢ Diarrhea

tant  of  a  centrifuged  hematocrit  tube  or 



▪ Third- space loss

hyperglycemia is not present, the measure-



➢ Pleural effusion

ment of osmolality is not essential to make 



✓ Chylothorax

the diagnosis of true hyponatremia. It can 



✓ Lung lobe torsion

be  inferred  by  ruling  out  the  conditions 



✓ Neoplasia

mentioned in the earlier text. 



➢ Peritoneal effusion

ii)  Clinical signs of hyponatremia

1)  Clinical signs depend on the rapidity with 



✓ Pancreatitis

which  the  sodium  deficit  develops.  Most 



✓ Peritonitis

problems  occur  when  sodium  decreases 



✓ Uroabdomen

acutely (<48 hours) and the body does not 



✓ Neoplasia

have sufficient time to compensate. 



➢ Cutaneous loss

2)  Clinical signs are generally nonspecific and 



✓ Severe bums

are gastrointestinal (GI) in nature (nausea, 



● Concurrent normovolemia

vomiting,  etc.),  or  attributable  to  central 

○  Psychogenic polydipsia

nervous  system  (CNS)  and  neuromuscular 

○ 

dysfunction,  as  rapid  decreases  in  serum 

Syndrome of inappropriate ADH secretion

sodium result in rapid influx of water into 

○  Hypotonic fluid administration

the brain, causing cerebral edema (lethargy, 

○  Glucocorticoid insufficiency

weakness,  incoordination,  seizures,  coma, 

○  Antidiuretic drugs

respiratory arrest, or brainstem herniation). 



▪ NSAIDs

3)  If 

hyponatremia 

develops 

slowly 



▪ Narcotics

(>48 hours), the brain has time to adjust by 



▪ Barbiturates

losing  potassium,  sodium,  and  organic 



▪ Cholinergic drugs

osmolytes creating an osmotic gradient that 



shifts free water out of brain cells and slowly 

▪ Β- adrenergic drugs

allows them to re- equilibrate their volume. 



▪ Vincristine

Clinical signs are typically negligible under 

( Continued)

these circumstances. 
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4)  Clinical signs are generally seen when serum 

3)  Replace volume and electrolyte deficits by 

sodium concentrations are <125 mEq/l. 

administering  0.9%  NaCl  or  a  balanced 

iii)  Diagnosis of hyponatremia

electrolyte solution such as Normosol- R or 

1)  Normal feline serum sodium concentrations 

lactated  Ringer’s  solution  intravenously. 

range from 150 to 160 mEq/l. Hyponatremia 

Rapid  correction  with  hypertonic  saline 

is defined as a serum sodium concentration 

(3–7.5%) should be used cautiously. 

<150 mEq/l. These values may vary slightly 

4)  The  speed  of  correction  depends  on  the 

by laboratory. 

speed with which the hyponatremia devel-

2)  If  the  serum  sodium  concentration  is 

oped  and  the  patient’s  clinical  signs. 

<120 mEq/l,  it  is  unlikely  that  pseudohy-

Hyponatremia that is corrected too quickly 

ponatremia or a hyponatremia secondary to 

can  result  in  osmotic  demyelination  syn-

hyperglycemia  or  mannitol  administration 

drome  or  central  pontine  demyelination, 

is present. 

characterized  by  irreversible  neurologic 

3)  Urine electrolyte concentrations and urine 

damage including ataxia, paresis, dyspha-

osmolality  will  help  discriminate  between 

gia,  or  coma.  Cerebral  dehydration  and 

low  effective  circulating  volume  and  syn-

hemorrhage  may  also  occur  as  the  brain 

drome  of  inappropriate  ADH  secretion 

shrinks and tears subarachnoid blood ves-

(SIADH). Hypovolemic patients not receiv-

sels leading to acute onset of neurological 

ing diuretics or corticosteroids should have 

signs  such  as  seizures,  decreased  mental 

a  very  low  urine  Na  concentration 

state,  or  even  death.  To  minimize  these 

(<10–25 mEq/l). Patients with SIADH have 

complications,  hyponatremia  should  be 

urine  Na  concentrations  greater  than 

corrected  at  a  rate  of  no  faster  than 

25 mEq/l and usually greater than 40 mEq/l. 

0.5 mEq/l/h or even slower when chronic. 

iv)  Therapy for hyponatremia (Box 32.1)

Higher rates with a maximum of 2.0 mEq/

1)  Treating  the  underlying  cause  of  hypona-

l/h  can  be  considered  when  the  hypona-

tremia  is  as  important  as  correcting 

tremia is acute. 

the  hyponatremia  (e.g.,  correcting 

5)  Acute  changes  in  serum  sodium  concen-

hyperglycemia). 

tration can be corrected relatively rapidly 

2)  Calculate the sodium deficit: BW (kg) × 0.6 

(1–2 mEq/l/h) if the change in concentra-

×  (normal  serum  sodium  concentration  − 

tion has been acute. 

patient serum sodium concentration). 

6)  Rapid correction of hyponatremia should 

stop as soon as severe clinical signs have 

resolved. 

7)  Serum  sodium  concentrations  should  be 

Box 32.1  Step- by- Step Therapy for Hyponatremia

checked every 1–2 hours until a consistent 

trend of change has been established, then 

1)  Correct underlying disease process. 

sodium  monitoring  can  be  adjusted 

2)  Replace volume and electrolyte deficits

accordingly. 

a)  0.9% NaCl. 

8)  In  normovolemic  cats,  restrict  water  so 

b)  Normosol- R. 

that water intake is less than urine output. 

c)  Lactated Ringer’s solution. 

9)  Discontinue any drugs that might stimulate 

3)  Slowly correct hyponatremia

the release, or enhance the effects, of ADH 

a)  Increase sodium no faster than 0.5 mEq/l/h in 

(i.e., NSAIDs, narcotics, or barbiturates). 

states of chronic hyponatremia. 

10)  If  pseudohyponatremia  is  diagnosed,  no 

b)  Increase sodium no faster than 2.0 mEq/l/h in 

specific therapy for hyponatremia is neces-

states of acute hyponatremia. 

sary.  If  hyponatremia  with  high  plasma 

4)  Monitor sodium concentrations q1–2h initially. 

osmolality is diagnosed, treat the underly-

5)  Restrict water intake in normovolemic hypona-

ing cause (e.g., treat diabetes mellitus with 

tremic cats. 

insulin therapy). 

6)  Discontinue drugs that may stimulate release of ADH. 

c)  Hypernatremia

a)  Non- steroidal anti- inflammatory drugs (NSAIDs). 

i)  Causes of hypernatremia (Table 32.2)

b)  Narcotics. 

1)  Hypernatremia can result from sodium- free 

c)  Barbiturates. 

fluid  (pure  water)  loss,  hypotonic  fluid 
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Table 32.2  Causes of hypernatremia. 

(low- sodium- containing fluid) loss, or from 

sodium gain. 

Sodium- free fluid loss (normovolemic status)

2)  In  feline  patients,  hypernatremia  is  most 



● Renal loss

commonly caused by sodium- free and hypo-

○  Diabetes insipidus (central, congenital, and acquired 

tonic fluid loss. Sodium gain is less frequent 

nephrogenic)

as thirst prevents hypernatremia as long as 



● Respiratory loss via panting

the cat has access to drinking water. 

○  Fever

ii)  Clinical signs of hypernatremia

○  High environmental temperatures

1)  Signs  are  nonspecific  and  primarily  mani-

fested  as  CNS  disorders.  Hypernatremia 



● Major body cavity loss during surgery

causes a shift of water from the cells of the 



● Lack of free water intake

brain to the intravascular space. Decreases 

○  Lack of access to water

in cell volume can cause vascular rupture, 

○  Neurological disease with altered thirst mechanism

cerebral  and  subarachnoid  hemorrhage, 

○  Primary hypodipsia

and irreversible neurological damage. 

Hypotonic fluid loss (hypovolemic status)

2)  Clinical  signs  are  generally  seen  when 



● Gastrointestinal loss

serum 

sodium 

concentrations 

are 

○  Vomiting

>170 mEq/l.  The  severity  of  the  signs  is 

○ 

determined  by  the  rate  of  change  in  the 

Diarrhea

serum sodium concentration. 



● Renal loss

–  A slow increase in serum sodium concen-

○  Chronic renal disease

tration is associated with a higher sodium 

○  Nonoliguric acute kidney injury

concentration  before  neurological  signs 

○  Osmotic diuresis

develop. 



▪ Diabetes mellitus

–  A rapid rise in serum sodium concentra-



▪ Diabetic ketoacidosis

tion  is  associated  with  a  lower  sodium 



▪ Hyperosmolar nonketotic syndrome

concentration  when  neurological  signs 



develop. 

▪ Mannitol administration

3)  Early  signs  can  appear  as  weakness,  leth-



▪ Postobstructive diuresis

argy,  depression,  disorientation,  vomiting, 



▪ Intravenous glucose supplementation

and abnormal behavior. 



● Third- space loss

4)  Later  signs  can  develop  into  twitching, 

○  Pleural effusion/inflammation

tremors, ataxia, seizures, coma, and death. 

○  Peritoneal effusion/inflammation

5)  Because  hypernatremia  develops  primarily 

○  Burns

due to decreased intracellular fluid, signs of 

Sodium gain (hypervolemic status)

dehydration  and/or  hypovolemia  may  be 



● Administration of high-sodium- containing fluids or drugs

minimal. 

○ 

iii)  Diagnosis of hypernatremia

0.9% NaCl

1)  A  thorough  patient  history  is  essential  to 

○  Hypertonic saline

determine the possible etiology of the hyper-

○  Sodium bicarbonate

natremia,  determine  chronicity,  and  guide 

○  Sodium phosphate enema

management. 



● Ingestion of high-sodium- containing food or water

2)  Hypernatremia is defined as a serum sodium 

○  Sea water

concentration >160 mEq/l in cats. 

○  Rock salt

3)  The  underlying  pathophysiologic  cause  of 



● Sodium retention (rare in the cat)

hypernatremia  can  be  inferred  from  the 

○ 

patient’s volume status. 

Decreased renal excretion

–  If  the  patient  is  hypovolemic,  the  most 



▪ Primary hyperaldosteronism

likely  cause  of  hypernatremia  is  hypo-



▪ Hyperadrenocorticism

tonic fluid loss. 

–  If the patient is normovolemic, the most 

likely cause of hypernatremia is a result 
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of sodium- free fluid (pure water) loss or 

sodium  as  the  intravascular  volume  is 

decreased free water intake. 

replaced (Table 32.3). 

–  If the patient is hypervolemic, the most 

–  Only  after  the  hypovolemia  is  corrected 

likely  cause  of  hypernatremia  is  due  to 

should the remaining free water deficit be 

sodium gain. 

addressed. 

iv)  Therapy for hypernatremia (Box 32.2)



●

Free  water  deficit  can  be  calculated: 

1)  Treating  the  underlying  cause  of  hyperna-

(BW  (kg)  ×  0.6)  ×  ((current  Na/150) 

tremia  is  as  important  as  correcting  the 

− 1). 

hypernatremia. 



●

Residual free water deficits should be 

2)  Correct hypovolemia and replace free water 

replaced slowly, correcting the serum 

deficits. 

sodium  concentration  gradually  over 

–  Correction of hypovolemia can be accom-

48–96 hours. 

plished  by  the  intravenous  administra-



●

The free water deficit can be replaced 

tion  of  isotonic  saline  (0.9%  NaCl  or 

by  giving  hypotonic  crystalloids  such 

Normosol- R).  Giving  sodium- containing 

as 0.45% NaCl or 5% dextrose in water 

fluids may seem illogical. However, with 

intravenously. If there are concurrent 

prolonged hypernatremia, the brain less-

diseases  where  intravascular  volume 

ens cellular fluid loss by generating idio-

expansion is contraindicated (e.g., car-

genic osmoles (osmolytes). The presence 

diac disease, pulmonary hypertension, 

of  osmolytes  causes  cerebral  edema  if 

etc.),  water  can  be  offered  orally  or 

serum  sodium  concentrations  are  cor-

administered via feeding tube. 

rected too rapidly. This can be avoided by 

–  To estimate the effect of 1 l of a crystal-

administering  fluids  at  a  rate  that  does 

loid  solution  on  the  patient’s  serum 

not  decrease  serum  sodium  concentra-

sodium concentration, see the following 

tions  by  more  than  0.5–1.0 mEq/l/h. 

equation:

In hypernatremia, 0.9% NaCl (containing 

154 mEq/l of sodium) often has a lower 



sodium  concentration  than  that  of  the 

Change in 

crystal oidsodium − patient's serumsodium









patient,  resulting  in  gradual  dilution  of 

serum sodium =

bodyweight(kg)×0.6 +



 1

–  Regardless  of  the  crystalloid  fluid  solu-

tion given or the rate of intravenous fluid 

Box 32.2  Step- by- Step Therapy for Hypernatremia

administration,  hypernatremic  patients 

1)  Correct underlying disease process. 

need  frequent  monitoring  and  reassess-

2)  Determine if the hypernatremia is chronic or acute. 

ment.  Fluid  therapy  should  be  adjusted 

3)  Assess the need for volume resuscitation and cor-

and  individualized  to  best  meet  the 

rect hypovolemia if needed. 

a)  0.9% NaCl. 

b)  Normosol- R. 

4)  Correct remaining free water deficits only after cor-

Table 32.3  Sodium concentration of intravenous fluids. 

rection of hypovolemia. 

a)  0.45% NaCl. 

Fluid solution

mEq/l

b)  5% dextrose in water. 

5)  Slowly correct hypernatremia. 

7% NaCl

1197

a)  Decrease sodium no faster than 0.5–1.0 mEq/l/h, 

3% NaCl

513

rate will depend on chronicity. 

0.9% NaCl

154

6)  Monitor serum sodium concentrations q1–2h initially. 

Normosol- R

140

7)  Administer furosemide only to hypervolemic hyper-

natremic cats. 

Lactated Ringer’s solution

130

8)  Assess for any ongoing fluid losses that need to be 

0.45% NaCl

77

replaced. 

5% dextrose in water

0
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patient’s  needs.  It  is  difficult  to  predict 

Table 32.4  Causes of hypokalemia. 

how  fast  or  even  in  what   direction  the 

sodium  concentration  will  change. 

Decreased intake

Therefore, sodium concentrations should 



● Prolonged anorexia

be checked every 1–2 hours until a con-



● Potassium- deplete diet

sistent trend is established, then sodium 



● Administration of potassium- deplete IV fluids

monitoring can be adjusted accordingly. 

Increased excretion

3)  Increase sodium excretion. 

–  Hypernatremia secondary to sodium gain 



● Vomiting

is often associated with normovolemia or 



● Diarrhea

hypervolemia. In these cases, the admin-



● Chronic renal failure

istration  of  furosemide  (1–2 mg/kg 



● Renal tubular acidosis

q8–24h  PO,  SC,  IM,  or  IV)  will  help 



● Diet- induced hypokalemic nephropathy in cats

increase  sodium  elimination  and 



● Postobstructive diuresis

decrease volume. 



● Osmotic diuresis (diabetic ketoacidosis [DKA] due to 

B)  Potassium

glucosuria and ketonuria)

a)  General points



● Peritoneal dialysis

i)  Distribution



● Hyperadrenocorticism

1)  Most  abundant  intracellular  cation  in  the 



● Primary hyperaldosteronism

body, representing 90–95% of the total body 

potassium. 



● Drugs

2)  Concentrated most in skeletal muscle cells. 



○ Diuretics

ii)  Functions of potassium



▪ Furosemide

1)  Generation of the normal resting cell mem-



▪ Thiazides

brane 

potential 

(sodium/potassium- 



○ Mineralocorticoids

ATPase pump). 



○ Amphotericin B

2)  Various enzyme systems for cell growth. 



○ Penicillins

iii)  Homeostasis



○ Aminoglycosides

1)  Intake

Intracellular translocation

–  Primarily from dietary ingestion. 

2)  Excretion



● Insulin and glucose

–  Primarily renal excretion (90–95%). 



● Refeeding syndrome

3)  Translocation



● Alkalosis

–  Potassium movement into the intracellu-



● Albuterol overdose

lar space is stimulated by several factors, 



● Catecholamines

including insulin, catecholamines, meta-



● Hyperthyroidism

bolic alkalosis, and increased extracellu-



● Periodic hypokalemic polymyopathy (Burmese cats)

lar potassium. 

–  Extracellular  translocation  of  potassium 

is  stimulated  by  a  metabolic  acidosis, 

which  then  results  in  increased  potas-

ii)  Clinical signs of hypokalemia

sium excretion. 

1)  May vary depending on the degree of potas-

b)  Hypokalemia

sium  deficit  and  acuteness  of  potassium 

i)  Causes of hypokalemia (Table 32.4)

depletion. 

1)  Causes  of  hypokalemia  include  decreased 

2)  Clinical signs do not always correlate well 

intake, increased excretion, and intracellu-

with  the  degree  of  hypokalemia  because 

lar translocation. 

they are related to the ratio of intracellular 

–  Chronic renal disease is one of the most 

to extracellular potassium concentration. 

common causes of hypokalemia in cats. 

3)  Clinical signs may be absent or nonspecific, 

–  Primary  hyperaldosteronism  is  more 

such  as  anorexia,  lethargy,  ileus,  or 

common in cats than dogs. 

weakness. 
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4)  Musculoskeletal  weakness  manifested  by 

administration  of  insulin  causes  serum 

ventroflexion  of  the  neck,  forelimb  hyper-

potassium  concentrations  to  decrease 

metria,  or  a  wide- based  hind- limb  stance 

even further due to intracellular translo-

may progress to respiratory muscle paralysis 

cation (see Chapter 31— Management of 

with severe hypokalemia. 

Specific  Endocrine  and  Metabolic 

5)  Hypokalemic  nephropathy,  with  impaired 

Diseases: Other). 

urinary concentrating ability, polyuria, and 

–  In situations of a life- threatening hypoka-

polydipsia, may occur. 

lemia (respiratory muscle weakness with 

6)  Potassium depletion has been associated with 

hypoventilation,  hypokalemic  cardiac 

the development of metabolic acidosis in cats. 

arrhythmias,  etc.),  it  has  been  reported 

7)  Abnormal cardiac conduction can occur. 

that  the  administration  of  potassium 

–  The electrocardiogram (ECG) changes of 

chloride can be given as an IV bolus. This 

ST  segment  depression,  reduced T- wave 

should be always done with ECG moni-

amplitude,  and  prolonged  QT  intervals 

toring,  as  a  rapid  increase  in  potassium 

are not consistently seen in feline hypoka-

concentration can lead to lethal arrhyth-

lemic patients, but may occur. 

mias and death. See Table 32.6. 

–  Ventricular  or  supraventricular  arrhyth-

–  Hypokalemia that fails to respond to sup-

mias may occur and may be refractory to 

plementation may indicate the presence 

class  I  antiarrhythmics  (lidocaine  and 

of concurrent hypomagnesemia. 

procainamide)  until  hypokalemia  is 

corrected. 

8)  With  chronic  hypokalemia,  inhibited  cell 

Table 32.5  Potassium supplementation guidelines for IV fluid growth  is  manifested  by  weight  loss,  poor 

administration as a continuous rate infusion. 

hair  coat,  and  decreased  muscle  mass. 

Potassium- deficient  cats  may  develop  tau-

mEq KCl 

Maximum fluid rate 

rine deficiency and associated cardiovascu-

Serum potassium 

to add to 

(ml/kg/h) not exceeding 

lar disease. 

concentration (mEq/l)

1 l fluids

0.5 mEq/kg/h KCI

iii)  Diagnosis of hypokalemia

3.6–5.0

20

25

1)  Normal feline serum potassium concentra-

3.1–3.5

30

18

tions 

range 

from 

3.5–5.5 mEq/l. 

Hypokalemia  occurs  when  serum  potas-

2.6–3.0

40

12

sium concentrations fall below 3.5 mEq/l. 

2.1–2.5

50

10

iv)  Therapy for hypokalemia

<2.0

60

6

1)  Treating  the  underlying  cause  of  hypoka-

lemia  is  as  important  as  correcting  the 

hypokalemia. 

Table 32.6  Calculating a potassium chloride bolus in situations 2)  Intravenous potassium supplementation

of a life- threatening hypokalemia. 

–  Potassium  chloride  (2 mEq/ml)  and 

potassium  phosphate  (4.36 mEq/ml) 

1)  To calculate the amount to administer, subtract the 

solutions are available for parenteral use. 

patient [K] from the desired [K] of 3 mEq/l. 

These solutions must be diluted in a par-

2)  Calculate the blood volume (6% of body weight in kg in cats). 

enteral fluid solution and mixed well to 

3)  Multiply the blood volume by 60% to estimate the plasma 

volume. 

avoid  oversupplementation.  Rate  of 

4)  Multiply the plasma volume by the difference between the 

administration  should  not  exceed 

measured and desired potassium concentration to determine 

0.5 mEq/kg/h.  See Table  32.5  for  appro-

the number of mEq of KCl to administer as an intravenous 

priate  supplementation  amounts  and 

bolus slowly over 5 minutes through a central vein while 

monitoring the patient’s ECG. 

rates of administration. 

5)  Reassess the serum potassium concentration 5 minutes 

–  Higher rates of potassium supplementa-

following bolus administration. 

tion may be essential during fluid therapy 

6)  A second bolus, calculated from the new [K], can be 

for diabetic ketoacidotic patients, as the 

administered, but use caution and administer more slowly as 

body  is  usually  potassium- depleted  and 

the serum [K] approaches 3 mEq/l. 
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3)  Oral potassium supplementation

Table 32.7  Causes of hyperkalemia. 

–  Best  for  mild  chronic  hypokalemia 

(3.0–3.5 mEq/l). 

Iatrogenic— potassium- rich IV fluid administration

–  Potassium  gluconate  (5–8 mEq/cat/day 

Extracellular translocation

PO  divided  BID  or  TID  initially,  then 



● Diabetic ketoacidosis

reduced  to  2–4 mEq/cat/day  for  mainte-



● Acute tumor lysis syndrome

nance therapy) is most commonly recom-



● Massive tissue trauma— crush injury

mended for oral supplementation. 

4)  Serial potassium measurements are recom-



● Mineral acidosis

mended when supplementing. 



● Reperfusion injury— after aortic thromboembolism

c)  Hyperkalemia



● Drugs

i)  Causes of hyperkalemia (Table 32.7)



○ Beta- blockers (propranolol)

1)  Uncommon if renal function and urine out-



○ Cardiac glycosides

put are normal. 

Decreased urinary excretion

2)  Hemolysis  and  thrombocytosis  can  falsely 



● Urethral obstruction

elevate  serum  potassium  concentrations 



● Bilateral ureteral obstruction

and  are  considered  to  be  causes  of 

pseudohyperkalemia. 



● Urinary bladder rupture

3)  Sustained  hyperkalemia  is  almost  always 



● Anuric/oliguric acute or chronic renal failure

associated with impaired urinary excretion 

Hypoadrenocorticism

of potassium (urethral obstruction, ureteral 

Gastrointestinal disease

obstruction, bladder rupture, anuric or olig-



● Trichuriasis

uric renal failure, etc.). 



● Salmonellosis

4)  Cats  with  diabetic  ketoacidosis  may  be 



● Perforated duodenal ulcer

hyperkalemic  on  presentation  because  of 

Effusions

insulin  deficiency  or  hyperosmolarity. 



● Pleural effusion/chylothorax

However,  an  overall  hypokalemia  may  be 

present  that  can  become  apparent  when 



● Peritoneal effusion

insulin therapy is started due to movement 



● Pericardial effusion

of  potassium  into  the  cells  and  urinary 

Drugs promoting hyperkalemia

losses of potassium. 



● Potassium- containing drugs (large doses of potassium 

5)  Drugs causing hyperkalemia usually are not 

penicillin G)

clinically  significant  unless  other  factors 



● Angiotensin- converting enzyme (ACE) inhibitors

that  potentiate  hyperkalemia  are  present, 



● Potassium- sparing diuretics (spironolactone)

such as decreased urinary excretion. 



● NSAIDs

ii)  Clinical signs of hyperkalemia



● Heparin

1)  The  most  significant  and  life- threatening 



● Succinylcholine

effects of hyperkalemia are changes in car-

Pseudohyperkalemia

diac conduction, associated with character-

istic ECG changes. 



● Thrombocytosis

–  The  first  abnormality  seen  is  a  T  wave 



● Hemolysis

increased  in  amplitude  with  a  “tented” 



● Acute lymphoblastic leukemia

appearance. A decrease in R- wave ampli-

tude,  a  prolonged  PR  interval,  and  a 

decreased QT interval may be seen. 

2)  Hyperkalemia may be associated with gen-

–  The  P  waves  decrease  in  amplitude, 

eralized skeletal muscle weakness. 

widen,  and  eventually  become  absent 

iii)  Diagnosis of hyperkalemia

(atrial  standstill)  with  increasing  hyper-

1)  Hyperkalemia  should  be  suspected  in  cats 

kalemia. Widening  of  the  QRS  complex 

with  appropriate  underlying  diseases  or 

and  bradycardia  are  also  seen  at  higher 

showing associated clinical signs. Potassium 

concentrations. 

concentrations should be measured in every 

–  Ventricular fibrillation, asystole, and car-

sick  cat  presenting  with  a  urethral 

diac arrest can also occur. 

obstruction. 
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2)  Hyperkalemia  occurs  when  feline  serum 

administration is too fast. Effects will last 

potassium  concentrations  rise  above 

30 minutes to 1 hour. 

5.5 mEq/l. 

–  Glucose  also  causes  intracellular  move-

3)  Always  check  ionized  calcium  concentra-

ment  of  potassium  due  to  endogenous 

tions at the same time as potassium concen-

insulin  secretion.  Dextrose- containing 

trations:  hypocalcemia  will  worsen  the 

solutions or a combination of regular insu-

effects of hyperkalemia on the myocardium. 

lin  with  dextrose  solutions  can  be  used. 

iv)  Therapy for hyperkalemia (Box 32.3)

Dextrose (5–25%) can be administered as 

1)  Asymptomatic  animals  with  normal  urine 

an IV bolus, with higher concentrations of 

output  and  chronic  hyperkalemia  in  the 

dextrose preferentially being administered 

range  of  5.5–6.5 mEq/l  may  not  require 

through  a  central  venous  catheter.  Its 

immediate  treatment;  however,  search  for 

effects begin within an hour and last for a 

the underlying cause should be initiated. 

few  hours.  Additionally,  regular  insulin 

2)  The presence of cardiac conduction abnor-

(0.5–1.0 U/kg) can be diluted in IV fluids 

malities  or  arrhythmias  may  require  treat-

containing dextrose (2 g/U insulin), or reg-

ment  before  the  cause  of  hyperkalemia  is 

ular insulin (0.25–1.0 U/kg) can be admin-

identified.  Treatment  of  hyperkalemia 

istered as an IV bolus followed by a 25% 

involves intracellular translocation of potas-

dextrose  IV  bolus  (1–2 g/U  insulin). 

sium and protection of the myocardium. 

Intravenous fluids should also be supple-

–  Calcium gluconate 10% (50–150 mg/kg IV 

mented  with  2.5%  dextrose  for  several 

slowly over 5–30 minutes diluted 1:1 with 

hours to prevent hypoglycemia. 

0.9% NaCl) is cardioprotective by making 

–  Terbutaline  (0.01 mg/kg  IV  slowly  over 

the threshold potential less negative. This 

5–15 minutes) can also be used. It stimu-

should  be  administered  to  any  cat  with 

lates  the  Na/K- ATPase  pump  to  cause 

life- threatening  ECG  changes  due  to 

translocation of potassium into the cell. It 

hyperkalemia. Doses should be adminis-

will normally take 20–40 minutes for the 

tered  slowly,  and  the  patient’s  ECG 

onset of action. 

should be monitored during administra-

–  Sodium bicarbonate (1–2 mg/kg IV slowly 

tion, as changes in heart rate or cardiac 

over  15–20 minutes)  causes  intracellular 

arrhythmias 

may 

occur 

when 

movement  of  potassium.  This  treatment 

method is often recommended in cats with 

urethral obstruction only after the admin-

Box 32.3  Step- by- Step Therapy for Hyperkalemia

istration of calcium, as hypocalcemia may 

also  be  present  and  seizures  may  be 

1)  Correct underlying disease process. 

induced  by  further  lowering  the  ionized 

2)  In cases of hyperkalemic crisis, administer one or 

calcium concentration with sodium bicar-

more of the following:

bonate  administration.  May  take  40  or 

a)  Dextrose (stimulates endogenous insulin secretion). 

more minutes to have an effect. 

b)  Dextrose and regular insulin. 

3)  Treating  the  underlying  cause  of  hyper-

c)  Calcium gluconate. 

kalemia  is  as  important  as  correcting  the 

d)  Sodium bicarbonate. 

hyperkalemia  (e.g.,  establishing  urine 

3)  Discontinue all sources of potassium (IV fluids, med-

outflow). 

ications, etc.). 

4)  Discontinue all sources of potassium intake 

4)  Start IV fluid therapy with a low- potassium- containing 

(intravenous fluids, medications, etc.). 

crystalloid. 

5)  Intravenous  fluid  therapy  with  low- 

a)  0.9% NaCl. 

potassium  crystalloids  (lactated  Ringer’s 

b)  Lactated Ringer’s solution. 

solution,  0.9%  NaCl)  provides  a  dilutional 

5)  Consider furosemide to enhance renal potassium 

effect on extracellular potassium. 

excretion. 

6)  Loop  or  thiazide  diuretics  may  be  consid-

a)  Do not give to hypovolemic or dehydrated cats. 

ered as adjunctive therapy to enhance renal 

6)  Consider peritoneal dialysis or hemodialysis in 

potassium  excretion.  Do  not  administer  to 

cases of anuric or oliguric renal failure. 

hypovolemic or dehydrated cats. 
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7)  Peritoneal  dialysis  or  hemodialysis  should 

In  health,  more  than  98%  of  filtered 

be considered if other treatments are inef-

calcium is reabsorbed. 

fective  in  lowering  potassium  concentra-

2)  Calcitriol is an active metabolite of vitamin 

tions, and they may be necessary in cases of 

D produced by the kidney. Its major action is 

anuric or oliguric renal failure. 

on the gastrointestinal tract to increase cal-

C)  Calcium

cium and phosphate absorption. It also stim-

a)  General points

ulates osteoclast activity and has a negative 

i)  Distribution

feedback on PTH and calcitriol secretion. 

1)  Ninety- nine percent of the body’s calcium is 

3)  Calcitonin is synthesized in the thyroid gland 

found in the skeletal system as a component 

and it inhibits osteoclastic bone resorption. 

of  hydroxyapatite,  and  1%  is  present  in 

4)  Other hormones play a minor role in calcium 

extracellular fluid (<1% is intracellular). 

homeostasis:  cortisol,  estrogens,  thyroxine, 

2)  The  remainder  of  the  body’s  calcium  is 

growth hormone, glucagon, and prolactin. 

found  mainly  in  the  extracellular  space. 

b)  Hypocalcemia

Fifty- two percent is in an ionized form, 40% 

i)  Causes of hypocalcemia (Table 32.8)

is bound to albumin or globulins, and 8% is 

1)  Hypoalbuminemia  will  cause  total  serum 

chelated with phosphate, citrate, or bicarbo-

calcium  to  decrease;  however,  ionized  cal-

nate. The ionized form is the physiologically 

cium concentrations should remain normal. 

active component. 

2)  The severity of clinical signs will depend on 

3)  Only a small amount of the body’s calcium 

the degree of hypocalcemia and the rapidity 

is  found  intracellularly.  Increases  in  this 

with which it developed. 

tightly regulated concentration can lead to 

ii)  Clinical signs of hypocalcemia

cell death. 

1)  Musculoskeletal manifestations of hypocal-

4)  In  the  presence  of  acidosis,  a  shift  toward 

cemia  include  muscle  fasciculations  or 

ionized over protein- bound calcium occurs, 

tremors, stiffness, or tetany. Severe hypocal-

and the opposite occurs with alkalosis. 

cemia can result in seizures. 

ii)  Functions of calcium

2)  Cardiovascular  signs  include  hypotension, 

1)  Major  component  of  bone,  important  for 

decreased myocardial contractility, tachyar-

stability, formation, and resorption. 

rhythmias, or prolonged QT interval. 

2)  Necessary for muscle contraction, including 

3)  Other  signs  may  include  anorexia,  lethargy, 

skeletal, smooth, and cardiac muscles, and is 

hyperthermia, polyuria, and polydipsia, pro-

required for cardiac pacemaker cell excitation. 

lapsed  nictitating  membrane,  facial  rubbing 

3)  Plays  an  important  role  in  coagulation, 

due to paresthesia, behavioral changes (rest-

enzyme  reactions,  nerve  conduction,  cell 

lessness,  excitation,  aggression,  hypersensi-

growth, and hepatic glycogen metabolism. 

tivity to stimuli, disorientation, etc.), laryngeal 

4)  At a molecular level, calcium serves as an 

or  bronchospasm,  or  respiratory  depression 

intracellular messenger. 

due to paralysis of respiratory muscles. 

iii)  Homeostasis

iii)  Diagnosis of hypocalcemia

1)  Parathyroid hormone (PTH) is the primary 

1)  Ionized calcium concentrations are the pre-

regulator of calcium, and its release causes 

ferred  method  of  measuring  calcium,  and 

increased  serum  calcium  concentrations. 

reference  ranges  are  4.5–5.5 mg/dl  or 

Increased serum calcium serves as a nega-

1.1–1.4 mmol/l (to convert mg/dl to mmol/l, 

tive feedback for PTH release. 

multiply mg/dl by 0.25; to convert mmol/l to 

–  GI tract— PTH indirectly causes increased 

mg/dl,  multiply  mmol/l  by  4).  Reference 

absorption  of  calcium  via  calcitriol, 

ranges  may  differ  slightly  between 

which is produced by the kidneys under 

laboratories. 

the influence of PTH. 

–  Clinical  signs  usually  do  not  manifest 

–  Bone— PTH causes bone resorption and 

until  ionized  calcium  is  <0.8 mmol/l  or 

mobilization of calcium and phosphate. 

3.2 mg/dl. 

–  Kidney— PTH causes reabsorption of cal-

–  Results can be altered by processing sam-

cium, inhibits reabsorption of phosphate, 

ples  aerobically,  overheparinizing  sam-

and  stimulates  synthesis  of  calcitriol. 

ples, or using silicone separator tubes. 
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Table 32.8  Causes of hypocalcemia. 

iv)  Therapy for hypocalcemia

1)  Treating  the  underlying  cause  of 

Hypoproteinemia/hypoalbuminemia (normal iCa)

hypocalcemia  is  as  important  as  correcting 

Renal failure

the hypocalcemia (e.g., wean kittens if hypoc-



● Acute or chronic

alcemia is due to eclampsia). 

Urethral obstruction

2)  Calcium can be administered intravenously 

for severe hypocalcemia, or orally in mild or 

Sepsis/Systemic Inflammatory Response Syndrome (SIRS)

chronic  cases  of  hypocalcemia.  Parenteral 

Hypoparathyroidism

supplementation  is  recommended  only  if 



● Iatrogenic (parathyroidectomy, thyroidectomy)

the  degree  of  hypocalcemia  is  severe,  rap-



● Primary (rare, may be congenital)

idly progressive, or clinical signs are present. 



● Cervical trauma

–  Ten percent calcium gluconate (5–15 mg/



● Severe hypomagnesemia

kg  over  10–20 minutes)  can  be  adminis-

Vitamin D deficiency

tered  intravenously  as  a  bolus,  followed 



● Enteropathy

by a continuous rate infusion (2.5–3.5 mg/



●

kg/h).  Doses  are  based  on  elemental 

Renal disease

calcium. 

Intestinal malabsorption or malnutrition

–  Ten  percent  calcium  chloride  contains 

Redistribution

more  elemental  calcium  than  calcium 



● Alkalosis

gluconate and can be administered as a 



● Eclampsia— rare in cats

continuous  rate  infusion  (2.5–3.5 mg/



● Hyperphosphatemia causing Ca–P precipitation

kg/h).  Dose  is  based  on  elemental 



○ Phosphate- containing enemas

calcium. 



○ Rapid intravenous phosphate infusions

–  Monitor  patient’s  ECG  during  adminis-



○ Renal or postrenal causes

tration, as rapid administration can cause 

bradyarrhythmias, asystole, and death. 

Massive blood transfusions (citrate anticoagulant)

–  Repeat  as  needed  until  neuromuscular 

Massive soft- tissue trauma/rhabdomyolysis

signs resolve. 

Tumor lysis syndrome (as a result of hyperphosphatemia)

–  Subcutaneous administration is not rec-

Sodium bicarbonate therapy

ommended, as tissue irritation and necro-

Acute pancreatitis

sis can occur. 

Pansteatitis

3)  For oral supplementation, several formula-

Extensive IV fluid or furosemide diuresis

tions are available, the most common being 

Hyperthyroidism

calcium  carbonate  (25–50 mg/kg/day  PO 

divided  BID–QID  based  on  elemental  cal-

Ethylene glycol toxicity

cium content). Other formulations include 

Cardiopulmonary resuscitation (likely due to complexing 

with lactate)

calcium chloride, gluconate, or lactate. 

4)  If  possible,  correct  hyperphosphatemia 

Critical illness

prior  to  calcium  administration  to  prevent 

precipitation and soft tissue mineralization. 

5)  Oral vitamin D analogs can be used adjunc-

tively  if  hypocalcemia  is  secondary  to 

2)  Normal feline serum total calcium concen-

hypoparathyroidism or renal disease. Serum 

trations  range  from  8.0–10.5 mg/dl  or 

calcium  concentrations  should  be  moni-

2.0–2.6 mmol/l. Reference ranges may differ 

tored while using vitamin D preparations to 

slightly between laboratories. 

avoid  toxicity.  Calcitriol  (20–30 ng/kg/day 

–  Serum  total  calcium  concentrations  do 

PO for the first 3 days, followed by 5–15 ng/

not  always  correlate  well  with  ionized 

kg/day PO, divided in 2 doses) is the metab-

calcium concentrations. 

olite of choice. 

–  The albumin correction formula (calcium − 

6)  Serial  monitoring  of  ionized  calcium  con-

albumin  +3.5)  is  typically  not  accurate 

centrations  is  recommended  while 

in cats. 

supplementing. 
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c)  Hypercalcemia

hypercalcemia  (12.6%).  Nonpathological, 

i)  Causes of hypercalcemia (Table 32.9)

transient, or inconsequential hypercalcemia 

1)  In a recent study, the most common cause of 

account for 28.6% of cases. 

hypercalcemia  in  cats  was  identified  as 

2)  In  the  condition  of  idiopathic  hypercalce-

malignancy- associated (22.7%), followed by 

mia of cats, no etiology is identified. Young 

kidney  injury  (13.4%)  and  idiopathic 

to middle- aged cats are affected. The hyper-

calcemia  is  usually  not  progressive  and  is 

Table 32.9  Causes of hypercalcemia. 

associated with minimal clinical signs, but 

may be associated with azotemia, nephroc-

Malignancy

alcinosis, and calcium oxalate urolithiasis. 



● Lymphoma

ii)  Clinical signs of hypercalcemia



● Squamous cell carcinoma

1)  Clinical signs are due to alterations of cel-



● Multiple myeloma

lular  membrane  permeability  and  calcium 



●

pump activity causing cellular dysfunction 

Leukemia

or death. The most affected organs include 



● Metastatic or primary bone neoplasms

the  CNS,  gastrointestinal  system,  heart, 

Renal failure— acute or chronic

and kidney. 

Idiopathic

2)  Severity of clinical signs is associated with 

Hypervitaminosis D

degree  and  rate  of  development  of 



● Toxic plants

hypercalcemia. 

○   Cestrum diurnum— day- blooming jessamine

3)  Soft- tissue mineralization occurs when the 

○   Solanum malacoxylon— nightshade

product of calcium (mg/dl) and phosphorus 

○ 

(mg/dl) exceeds 60–70 mg2/dl2. 

 Trisetum flavescens— yellow oatgrass

4)  CNS signs range from depression to seizures 



● Cholecalciferol rodenticides

and coma. 



● Calcipotriene— psoriasis medication

5)  Peripheral  neuromuscular  signs  include 



● Excessive dietary supplementation

muscle  weakness,  tremors,  shivering,  stiff 

Excessive calcium ingestion

gait,  decreased  reflexes,  or  soft- tissue 



● Calcium- containing intestinal phosphate binders

calcification. 



● Excessive calcium supplementation

6)  Cardiovascular effects may be a direct con-

Hyperparathyroidism

sequence of hypercalcemia or secondary to 



● Primary— neoplasia (adenoma, carcinoma), hyperplasia

tissue  calcification.  ECG  changes  such  as 

prolonged  PR  interval  and  shortened  QT 



● Secondary— renal, nutritional

interval are uncommon and may not be clin-

Skeletal lesions

ically significant. However, serious ventric-



● Neoplastic

ular  arrhythmias,  hypertension,  and 



● Osteomyelitis— fungal or bacterial

vasoconstriction can occur. 



● Hypertrophic osteodystrophy

–  Hypercalcemia  can  cause  an  increased 



● Disuse osteoporosis

sensitivity to digitalis. 

Granulomatous disease

7)  Renal effects from hypercalcemia include 



● Histoplasmosis, blastomycosis, cryptococcosis

polyuria/polydipsia  (although  less  com-



●

mon than in dogs), isosthenuria to hypost-

Nocardia, actinomyces

henuria,  and  azotemia  (prerenal  due  to 



● Mycobacterium

vomiting,  anorexia,  polyuria,  and  renal 

Postrenal transplantation

due  to  renal  vasoconstriction,  tubular 

Hypoadrenocorticism— uncommon

necrosis,  nephrocalcinosis,  calcium  oxa-

Nonpathological or transient causes

late  urolithiasis,  or  interstitial  nephritis). 



● Hyperproteinemia/hemoconcentration

Hypercalcemia can cause renal damage, or 



● Lipemia

it can develop as a consequence of existing 



● Hemolysis

renal damage. 



●

8)  Gastrointestinal  signs  associated  with 

Postprandial

hypercalcemia  include  anorexia,  weight 



● Physiologic in growing animals

loss,  vomiting,  diarrhea,  constipation,  gas-



● Laboratory error

tric ulceration, and pancreatitis. 
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iii)  Diagnosis of hypercalcemia

calciuresis.  Their  use  is  most  effective  in 

1)  Hypercalcemia in cats is defined by serum 

hypercalcemia of malignancy, hypervitami-

total calcium concentrations above 11 mg/dl 

nosis  D  and  A,   idiopathic  hypercalcemia, 

or  ionized  calcium  concentrations  above 

and  hypoadrenocorticism.  Glucocorticoids 

1.4 mmol/l (5.6 mg/dl). 

should not be used before obtaining a defin-

iv)  Therapy for hypercalcemia (Box 32.4)

itive  diagnosis  of  neoplasia  and  with  cau-

1)  Definitive  treatment  for  hypercalcemia 

tion in infectious diseases. 

involves  identifying  and  treating  the 

6)  Calcitonin  (4–6 IU/kg  SC  q8–12h)  causes 

underlying cause. 

inhibition of bone resorption and increases 

2)  Goals  of  supportive  treatment  include 

renal  excretion.  Its  analgesic  properties 

increasing  urinary  excretion  of  calcium, 

may provide relief in malignancy. 

inhibiting bone resorption, and preventing 

–  Calcitonin causes moderate decreases in 

intestinal absorption. 

serum  and  ionized  calcium  concentra-

3)  Volume  expansion  and  rehydration,  pref-

tions and its effects are short- lived. 

erably with 0.9% NaCl given intravenously 

–  If  resistance  develops,  co- administer 

at 2–3 times maintenance, are often suffi-

glucocorticoids,  or  discontinue  use  for 

cient to cause a significant decrease in cal-

24–48 hours. 

cium concentrations due to their calciuretic 

–  Side  effects  include  vomiting  and 

effects. For mild elevations, subcutaneous 

anorexia. 

fluid administration may be appropriate. 

7)  Sodium bicarbonate can be used for rever-

4)  Furosemide (1 mg/kg IV, followed by a CRI 

sal of acidosis in an acute crisis and thus 

of 0.2–1 mg/kg/h). Can be given after ade-

transiently decrease ionized calcium con-

quate volume re- expansion. Alternatively, 

centrations  by  increasing  binding  to 

intermittent  protocols  (2–4 mg/kg  IV,  PO, 

plasma proteins. Additionally, bicarbonate 

SC, or IM q8–12h) can be used, but the CRI 

also  binds  to  ionized  calcium  directly. 

has been shown to have superior calciure-

A  slow  IV  bolus  of  sodium  bicarbonate 

sis than bolus therapy. Avoid thiazide diu-

(0.5–4 mEq/kg) was shown to decrease ion-

retics  because  they  may  result  in 

ized  calcium  concentrations  in  cats  by 

hypocalciuria 

and 

aggravate 

0.2–0.7 mg/dl. 

hypercalcemia. 

8)  Bisphosphonates  inhibit  bone  resorption 

5)  Glucocorticoids  (prednisolone  1.0–2.2 mg/

by  inhibition  of  osteoclast  activity.  They 

kg q12–24h PO, SC, IM, or IV or dexametha-

have a slow onset of action and are indi-

sone  0.1–0.22 mg/kg  q24h  PO,  SC,  IM,  or 

cated for long- term treatment. 

IV) cause inhibition of bone resorption and 

–  Pamidronate,  1.5–2.0 mg/kg  IV  in  0.9% 

intestinal  absorption  and  increase 

NaCl  given  over  2–4  hours;  repeat  in 

2–4 weeks PRN. 

–  Zoledronate,  0.1–0.2 mg/kg  IV  over 

Box 32.4  Step- by- Step Therapy for Hypercalcemia

30–60 minutes. 

–  Alendronate, 10 mg/cat PO once a week 

1)  Correct underlying disease process. 

for  oral  long- term  treatment.  Follow 

2)  Diurese using 0.9% NaCl. 

administration  with  water  to  avoid 

3)  Consider furosemide to enhance diuresis and 

esophagitis. Another potential risk with 

calciuresis. 

long- term  treatment  is  medication- 

a)  Do not give to hypovolemic or dehydrated cats. 

related osteonecrosis of the jaw. 

4)  Consider glucocorticoids if appropriate. 

9)  Antineoplastic  agents  such  as  mithramy-

a)  Do not give if concern of neoplasia or infection. 

cin may be used to inhibit bone resorption. 

5)  Consider calcitonin if appropriate. 

Significant  side  effects  can  be  associated 

6)  Consider sodium bicarbonate if appropriate. 

with their use, and clinical experience for 

7)  Consider bisphosphonates if appropriate. 

some drugs is limited in cats. 

8)  Consider antineoplastic agents if appropriate. 

10)  Hemodialysis  or  peritoneal  dialysis  with 

9)  Consider peritoneal dialysis or hemodialysis in 

calcium- free  dialysates  can  be  used 

cases of anuric or oliguric renal failure. 

in patients with hypercalcemia, especially 

10)  Consider calcium channel antagonists to protect 

those  that  have  concurrent  renal 

against cardiac arrhythmias. 

insufficiency. 
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11)  Calcium  channel  antagonists  (diltiazem 

phosphorous  deficiency,  calcitriol  can 

0.5–1.5 mg/kg  PO  q8h  or  verapamil 

increase active absorption rates. 

0.025 mg/kg  IV  q  10–30  min;  maximum 

2)  The kidney is the primary regulator of phos-

cumulative  dose  0.15 mg/kg)  protect 

phate concentrations. 

against cardiac arrhythmias that hypercal-

–  About 80–90% of filtered phosphorous is 

cemia may induce, and they may help to 

reabsorbed in health. 

stabilize calcium concentrations. 

–  Low  serum  phosphorus  concentrations 

12)  Dietary  changes  (calcium- restricted,  high 

stimulate  calcitriol  production  and 

fiber,  and  alkalinizing)  can  be  imple-

enhanced reabsorption by the kidney. 

mented for long- term control. 

–  Reabsorption by the kidney is inhibited 

D) Phosphorus

by  PTH,  calcitonin,  cortisol,  and 

a)  General points

expanded 

extracellular 

fluid 

i)  Distribution

(ECF) volume. 

1)  Phosphorous can be found in the body as 

–  Reabsorption in the kidney is also stimu-

organic  phosphorous  (phospholipids, 

lated  by  growth  hormone,  insulin,  and 

phosphate  esters,  etc.)  and  inorganic 

thyroxine. 

phosphorous  (such  as  phosphoric  acid, 

3)  Under the influence of PTH, phosphorous 

H3PO4, etc.). 

can  be  released  from  the  bone  matrix  to 

2)  Clinical laboratories usually measure inor-

increase serum concentrations. 

ganic  phosphate,  which  is  about  10–20% 

4)  Several factors influence the intracellular or 

protein- bound,  with  the  remainder  being 

extracellular transport of phosphorus. 

either  in  ionized  form  or  complexed  to 

–  Entry into cells is stimulated by insulin, 

sodium, magnesium, or calcium. 

glucose,  carbohydrates,  alkalosis,  amino 

3)  Phosphorus is the most plentiful intracellu-

acids,  corticosteroids,  sodium  bicarbo-

lar anion and is a major component of the 

nate, or diuretics. 

phospholipid bilayer of cellular membranes. 

–  Efflux  from  cells  is  promoted  by  gluca-

4)  Approximately  80–85%  of  the  body’s  phos-

gon, acidosis, or proteins. 

phorus is present as a structural component 

b)  Hypophosphatemia

of  teeth  and  bone,  as  a  component  of 

i)  Causes of hypophosphatemia (Table 32.10)

hydroxyapatite  (inorganic).  About  15%  of 

1)  General mechanisms for hypophosphatemia 

phosphorous is found in soft tissue (organic). 

include intracellular translocation, decreased 

5)  Less  than  1%  of  the  body’s  phosphorus  is 

intake, or increased renal loss. 

present in extracellular fluid. 

ii)  Clinical signs of hypophosphatemia

ii)  Functions of phosphorus

1)  Severe  hypophosphatemia  can  affect  all 

1)  Phosphorus is a major component of cellu-

blood  cell  lines,  causing  hematologic 

lar  and  extracellular  structure,  present  in 

dysfunction. 

cellular membranes (phospholipids), bone, 

–  Hypophosphatemia- induced  ATP  deple-

and teeth (hydroxyapatite). 

tion  of  erythrocytes  leads  to  hemolysis 

2)  Two  of  the  most  important  phosphorus- 

and is most likely when phosphorus con-

containing  compounds  are  ATP  and 

centrations are <1.0 mg/dl. 

2,3- diphosphoglycerate  (2,3- DPG),  neces-

–  Decreased red blood cell concentrations of 

sary for cellular energy, membrane integrity, 

2,3- DPG impair tissue oxygen delivery. 

and oxygen delivery. 

–  Leukocyte  dysfunction  results  in 

3)  Phosphorus is essential for many secondary 

impaired  leukocyte  chemotaxis  and 

messenger  (cyclic  adenosine  monophos-

phagocytosis. 

phate [cAMP]) and enzyme systems, as well 

–  Platelet  dysfunction  and  thrombocytope-

as the formation of nucleic acids. 

nia can occur with hypophosphatemia. 

iii)  Homeostasis

2)  Skeletal muscle weakness or pain secondary 

1)  Phosphorus is absorbed by the gastrointesti-

to rhabdomyolysis can occur with hypophos-

nal tract by passive diffusion, and by active 

phatemia, and if severe enough can result in 

absorption.  Absorption  increases  linearly 

respiratory failure and death. 

with  intake,  but  during  states  of 

3)  Cardiac contractility may be impaired. 
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Table 32.10  Causes of hypophosphatemia. 

iv)  Therapy for hypophosphatemia

1)  Definitive treatment for hypophosphatemia 

Intracellular translocation

involves identifying and treating the under-



● Insulin administration

lying cause. 



● Alkalosis

2)  Intravenous  phosphate  replacement,  in 



● Refeeding syndrome

the  form  of  potassium  phosphate 



●

(0.01–0.06 mmol/kg/h IV; rechecking phos-

Carbohydrate load

phorous concentrations every 6–8 hours), is 



● Severe hypothermia

indicated  for  feline  patients  with  sympto-

Decreased intake/absorption

matic hypophosphatemia or when the phos-



● Vomiting (rare)

phorous  concentration  is  anticipated  to 



● Starvation

decrease.  Generally,  a  serum  phosphorus 



● Enteropathies

<1.5 mg/dl can be considered as a cutoff for 



● Phosphate binders, phosphate- binding antacids

supplementation. It should be administered 



● Hypovitaminosis D

in  calcium- free  fluids  (0.9%  NaCl)  and  is 

contraindicated in oliguric or hypocalcemic 

Increased renal loss

patients. 



● Renal tubular loss

–  Can be given in the form of sodium phos-



● Renal transplantation

phate,  potassium  phosphate,  or  glucose 



● Dialysis

phosphate. 



● Drugs promoting urinary excretion

–  Complications  of  supplementation 



○ Corticosteroids

include  hyperphosphatemia,  hypocalce-



○ Diuretics (carbonic anhydrase inhibitors)

mia,  tetanic  seizures,  renal  injury,  and 



● Postobstructive diuresis

soft- tissue mineralization. 



● Hyperparathyroidism

3)  Gradual refeeding of patients with chronic 



●

anorexia is recommended to avoid a rebound 

Diabetes mellitus

hypophosphatemia. 



● Hyperadrenocorticism

–  Feed ⅓ daily caloric requirement on first 



● Hyperaldosteronism

day, ⅔ on second day, and then the full 

Laboratory error

amount 

on 

third 

day 

(see 



● Mannitol therapy

Chapter  9— Nutritional  Support  for  the 

Critically Ill Feline Patient). 

–  Avoid  high- carbohydrate  diets  during 

4)  CNS signs may include ataxia, paresthesia, 

refeeding. 

altered mental status, seizures, or coma. 

c)  Hyperphosphatemia

5)  Gastrointestinal  signs  include  intestinal 

i)  Causes of hyperphosphatemia (Table 32.11)

ileus, nausea, or vomiting. 

1)  The  most  common  mechanism  for  hyper-

6)  With  chronic  hypophosphatemia,  bone 

phosphatemia  in  cats  is  decreased  renal 

demineralization can occur. 

excretion. 

iii)  Diagnosis of hypophosphatemia

ii)  Clinical signs of hyperphosphatemia

1)  A  feline  serum  phosphorus  concentration 

1)  Hyperphosphatemia  leads  to  increased 

<2.5 mg/dl indicates hypophosphatemia. 

complex formation with calcium. 

2)  Cats  are  more  susceptible  to  clinical  signs 

–  Hypocalcemia  can  occur  and  may  lead 

with mild decreases in phosphorus. 

to tetany. 

3)  Diabetic ketoacidotic patients at the time of 

–  In patients with accompanying hypercal-

initial presentation may have normal or ele-

cemia,  soft- tissue  mineralization,  espe-

vated  serum  phosphorus  concentrations 

cially of the lungs and the heart, can be a 

despite total body depletion. 

serious consequence (calciphylaxis). 

–  Monitor  serum  phosphorus  concentra-

2)  Acute  kidney  injury  can  occur  in  acute 

tions 12–24 hours after beginning insulin 

hyperphosphatemia,  presumably  due  to  a 

therapy, as insulin can cause intracellular 

direct effect of phosphorous on renal tubu-

translocation of phosphorus. 

lar  cells.  Chronically  elevated  serum 
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Table 32.11  Causes of hyperphosphatemia. 

given with food), iron (III) oxide (0.25–1 g/

cat/day PO with food), or lanthanum car-

Decreased excretion

bonate  (200 mg/cat  PO  with  food  twice 



● Renal

daily) can be used. Side effects associated 



○ Chronic kidney disease

with  oral  phosphorous  binders  can 



○ Acute kidney injury

include encephalopathy (from aluminum 



●

hydroxide secondary to aluminum toxic-

Post- renal

ity)  and  hypercalcemia  (calcium- 



○ Uroabdomen

containing  compounds)  as  well  as 



○ Ureteral obstruction

constipation. 



○ Urethral obstruction

3)  Volume expansion with saline dilutes phos-



● Hypoparathyroidism

phorous  and  increases  renal  excretion  in 



● Hyperthyroidism

dehydrated patients. 



● Acromegaly

4)  Glucose (potentially with insulin) adminis-

Translocation

tration can shift phosphorous into cells and 



●

temporarily  decrease  serum  phosphorous 

Tumor lysis syndrome (uncommon)

concentrations. 



● Rhabdomyolysis, tissue trauma

5)  Renal  replacement  therapy  can  be  consid-



● Aortic thromboembolism

ered in oliguric or anuric animals. 



● Metabolic acidosis

E)  Magnesium



● Hemolysis

a)  General points

Increased absorption or intake

i)  Distribution



● Vitamin D intoxication

1)  Magnesium  is  the  second  most  abundant 



● Phosphate- containing enemas

intracellular cation. 



● Iatrogenic (phosphate infusions)

2)  The vast majority of magnesium is present 

in bone (60%) and muscle (20%). 

Physiologic in growing animals

3)  Less  than  1%  of  total  body  magnesium  is 

Spurious (hemolysis, hyperbilirubinemia, 

present in the serum. 

hypertriglyceridemia)

4)  In the serum, magnesium exists in three dis-

tinct forms: a protein- bound fraction (30%), 

phosphorous  concentrations  with  a  low 

an  anion- complexed  fraction  (4%),  and  an 

calcium:phosphorous  ratio  in  the  diet  can 

ionized fraction (66%). 

decrease  glomerular  filtration  rate  (GFR) 

–  The ionized fraction is believed to be the 

and cause morphologic kidney changes. 

physiologically active component. 

3)  Arrhythmias  such  as  ventricular  tachycar-

ii)  Functions of magnesium

dia and torsade de points can occur as a con-

1)  Magnesium  is  required  for  many  cellular 

sequence  of  hyperphosphatemia- induced 

metabolic processes, such as those involved 

hypocalcemia and hypomagnesemia. 

in the production and use of ATP. This elec-

iii)  Diagnosis of hyperphosphatemia

trolyte  is  a  coenzyme  for  the  membrane- 

1)  Hyperphosphatemia in cats is defined by a 

bound  sodium/potassium- ATPase  pump 

serum  phosphorous  concentration  above 

and  functions  to  maintain  the  sodium–

6 mg/dl. Reference ranges may vary between 

potassium  gradient  across  all  membranes. 

laboratories. 

Calcium  ATPase  and  proton  pumps  also 

iv)  Therapy for hyperphosphatemia

require magnesium as a coenzyme. 

1)  Identify and treat the underlying cause. 

2)  Magnesium  participates  in  the  synthesis 

2)  Restrict dietary phosphorous intake. 

and  degradation  of  DNA,  the  binding  of 

–  Reduce protein content in the diet. 

ribosomes  to  RNA,  and  the  production  of 

–  Oral  phosphate  binders  such  as  alu-

intracellular  second  messengers  such 

minum hydroxide (30–100 mg/kg/day PO 

as cAMP. 

divided  with  meals),  calcium  carbonate 

3)  Magnesium is involved in the regulation of 

(90–150 mg/kg/day PO divided), calcium 

vascular  smooth  muscle  tone  and  signal 

acetate (60–90 mg/kg/day PO divided and 

transduction. 
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4)  Magnesium  also  exerts  an  influence  on 

Table 32.12  (Continued)

lymphocyte  activation  and  cytokine 

production. 



● Renal

iii)  Homeostasis



○ Intrinsic tubular disorders

1)  Magnesium  homeostasis  is  achieved 



▪ Glomerulonephritis

through  intestinal  absorption  and  renal 



▪ Acute tubular necrosis

excretion. 



▪ Postobstructive diuresis

–  Magnesium  absorption  occurs  primarily 



▪ Drug- induced tubular injury

in  the  small  intestine  (jejunum 

➢ Aminoglycosides

and ileum). 

Amphotericin B

–  The kidney is the main regulator of serum 

➢ 

magnesium concentration and total body 

➢ Carbenicillin

magnesium content. This is achieved by 

➢ Cisplatin

glomerular  filtration  and  tubular 

➢ Cyclosporine

reabsorption. 



○ Extrarenal factors influencing renal magnesium handling

2)  Lactation also plays a role in gut and renal 



▪ Diuretic- induced states

handling of magnesium. Increased concen-

➢ Furosemide

trations of PTH, in addition to calcium con-

➢ Thiazides

centration, likely play a role in magnesium 

➢ Mannitol

conservation during lactation to supply the 

mammary 

glands 

with 

sufficient 



○ Digitalis administration

magnesium. 



○ Diabetic ketoacidosis

3)  No  primary  regulatory  hormone  has  been 



○ Hyperthyroidism

identified  for  magnesium  homeostasis, 



○ Primary hyperparathyroidism

although parathyroid, thyroid, and adrenal 

Alterations in distribution

glands are likely involved. 



● Extracellular to intracellular shifts

b)  Hypomagnesemia



○ Glucose, insulin, or amino acid administration

i)  Causes of hypomagnesemia (Table 32.12)



● Chelation

1)  The causes of magnesium deficiency can be 

divided  into  three  categories:  decreased 



○ Elevation in circulating catecholamines

intake, increased losses, and redistribution 



▪ Sepsis/shock

by intracellular translocation, chelation, or 



▪ Trauma

sequestration. 



▪ Hypothermia



○ Massive blood transfusion



● Sequestration



○ Pancreatitis

Table 32.12  Causes of hypomagnesemia. 

Decreased intake

ii)  Clinical signs of hypomagnesemia



● Inadequate nutritional intake

1)  Often  relate  to  magnesium’s  effect  on  the 



● Administration of magnesium- deplete IV fluids

cell membrane, which results in changes in 



● Administration of magnesium- deplete central parenteral 

the  resting  membrane  potential,  signal 

nutrition (CPN) or peripheral parenteral nutrition (PPN)

transduction, and smooth muscle tone. This 

Increased losses

is most commonly manifested as cardiovas-



● Gastrointestinal

cular and neuromuscular abnormalities. 



○

2)  Cardiovascular  signs  include  arrhythmias 

Malabsorption syndromes

comprising atrial fibrillation, supraventricu-



○ Extensive small bowel resection

lar  tachycardia,  premature  ventricular  con-



○ Chronic diarrhea

tractions,  ventricular  tachycardia,  and 



○ Inflammatory bowel disease

ventricular  fibrillation.  Magnesium  defi-



○ Cholestatic liver disease

ciency can also cause hypertension, coronary 

( Continued)

artery vasospasm, and platelet aggregation. 
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3)  Magnesium  decreases  acetylcholine  release 

hypomagnesemia and the patient’s clinical 

from nerve terminals and depresses the excit-

condition.  Mild  hypomagnesemia  may 

ability of nerve and muscle membranes. This 

resolve  with  treatment  of  the  underlying 

electrolyte also plays a role in muscle contrac-

disorder  and  modification  of  intravenous 

tion  and  relaxation  by   regulating   calcium 

fluid therapy. Animals receiving long- term 

channels.  Neuromuscular  signs  of  magne-

diuretic therapy may benefit from oral mag-

sium  deficiency  include  muscle  weakness 

nesium supplementation. Supplementation 

(which  can  be  manifested  by  dysphagia  or 

should be considered if serum magnesium 

dyspnea if esophageal or respiratory muscles 

concentrations  are  below  1.5 mg/dl  and  at 

are affected respectively), muscle fascicula-

higher concentrations if clinical signs (car-

tions, seizures, ataxia, and coma. 

diac  arrhythmias,  muscle  tremors,  refrac-

4)  Since magnesium is necessary for the move-

tory hypokalemia, etc.) are present. 

ment  of  sodium,  potassium,  and  calcium 

3)  Renal  function  and  cardiac  conduction 

into and out of cells, other manifestations of 

should  be  assessed  prior  to  magnesium 

hypomagnesemia include metabolic abnor-

administration. Since magnesium is primar-

malities  such  as  concurrent  hypokalemia 

ily excreted by the kidneys, the dose of mag-

(often refractory to potassium supplementa-

nesium  should  be  reduced  by  50%  in 

tion), hyponatremia, and hypocalcemia. 

azotemic patients and serum concentrations 

iii)  Diagnosis of hypomagnesemia

should be monitored to prevent the develop-

1)  Determination  of  serum  magnesium  con-

ment  of  hypermagnesemia.  Magnesium 

centrations is usually the most readily avail-

also  prolongs  the  conduction  through  the 

able technique for estimation of magnesium 

atrioventricular  (AV)  node.  Patients  with 

status. However, the precise clinical diagno-

cardiac  conduction  disturbances  should 

sis  of  hypomagnesemia  can  be  difficult. 

have judicious supplementation of magne-

Since greater than 99% of total body magne-

sium and ECG monitoring. 

sium is located in the intracellular compart-

4)  Both  magnesium  sulfate  and  magnesium 

ment, serum magnesium concentrations do 

chloride are available for parenteral supple-

not  always  reflect  total  body  magnesium 

mentation.  Parenteral  administration  of 

stores.  Therefore,  a  normal  serum  magne-

magnesium sulfate may result in hypocalce-

sium  concentration  can  occur  in  the 

mia  due  to  chelation  of  calcium  with  the 

presence  of  a  total  body  magnesium  defi-

sulfate.  Therefore,  magnesium  chloride 

ciency.  The  reported  reference  range  for 

should  be  given  when  hypocalcemia  is 

serum magnesium in cats is 1.9–2.6 mg/dl. 

already present. 

Hypomagnesemia occurs when serum mag-

5)  The intravenous route is preferred for rapid 

nesium concentrations fall below 1.9 mg/dl. 

repletion of magnesium concentrations (the 

2)  Measurement  of  ionized  magnesium 

intramuscular route is generally painful). 

provides a more accurate reflection of intra-

6)  For rapid repletion of magnesium concen-

cellular ionized magnesium status. Ionized 

trations,  magnesium  chloride  or  sulfate 

magnesium  appears  to  equilibrate  rapidly 

(0.75–1.0 mEq/kg/day 

for 

the 

first 

across the cell membrane; thus, extracellu-

24–48 hours  followed  by  0.3–0.5 mEq/kg/

lar  ionized  magnesium  may  be  reflective 

day can be used for an additional 3–5 days; 

of intracellular stores. The feline reference 

given in 0.9% NaCl or 5% dextrose in water) 

range  for  ionized  magnesium  is 

can be administered. 

0.43–0.70 mmol/l. Ionized hypomagnesemia 

7)  For  the  treatment  of  life- threatening  ven-

occurs when ionized magnesium concentra-

tricular  arrhythmias,  magnesium  chloride 

tions fall below 0.43 mmol/l. 

or sulfate (0.15–0.3 mEq/kg IV slowly over 

iv)  Therapy for hypomagnesemia

5–15 minutes;  diluted  in  0.9%  NaCl  or  5% 

1)  Treating  the  underlying  cause  of 

dextrose  in  water)  can  be  slowly 

hypomagnesemia is as important as correct-

administered. 

ing the hypomagnesemia. 

8)  Side effects of magnesium therapy include 

2)  The  amount  and  route  of  magnesium 

hypotension  and  atrioventricular  and 

replacement depends on both the degree of 

bundle- branch  blocks.  Adverse  effects  are 
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usually associated with intravenous boluses 

iii)  Diagnosis of hypermagnesemia

rather than continuous rate infusions. 

1)  Hypermagnesemia  occurs  when  feline 

c)  Hypermagnesemia

serum  magnesium  concentrations  rise 

i)  Causes of hypermagnesemia

above 2.6 mg/dl. Ionized hypermagnesemia 

1)  Renal failure

occurs when ionized magnesium concentra-

–  Magnesium  excretion  decreases  as  GFR 

tions rise above 0.70 mmol/l. 

declines.  Acute  kidney  injury  is  more 

2)  Unlike  magnesium  deficiency,  serum  con-

likely to be associated with hypermagne-

centrations  cannot  hide  increased  magne-

semia  than  chronic  renal  failure,  but  it 

sium stores. 

may occur in the latter. 

iv)  Therapy for hypermagnesemia (Box 32.5)

–  Hypermagnesemia has also been reported 

1)  Identify and treat the underlying cause. 

in cats with urethral obstruction. 

2)  Stop 

all 

exogenous 

magnesium 

2)  Endocrinopathies

administration. 

–  Hyperparathyroidism. 

3)  Diurese using 0.9% NaCl at 2–4 mL/kg/h IV. 

–  Hypoadrenocorticism. 

–  Consider  peritoneal  dialysis  or  hemodi-

–  Hypothyroidism. 

alysis in patients with severely impaired 

–  These diseases are rare in cats and cause 

renal function. 

hypermagnesemia less frequently and to 

4)  Furosemide (1–4 mg/kg q8–12h, PO, SC, IM, 

a  milder  degree  than  other  causes  of 

or IV) can be administered to increase renal 

hypermagnesemia.  The  mechanisms 

magnesium excretion. 

that  lead  to  hypermagnesemia  are  not 

–  Do not use in a dehydrated or hypoten-

well  understood  in  these  endocrine 

sive patient. 

disorders. 

5)  Calcium  gluconate  (50–100 mg/kg  IV  over 

3)  Iatrogenic overdose of magnesium

10 minutes) is a direct antagonist of magne-

–  Improper dosing of magnesium replace-

sium  at  the  neuromuscular  junction  and 

ment therapy or lack of consideration of 

may  be  beneficial  in  reversing  the  cardio-

the  underlying  renal  function  generally 

toxic side effects of hypermagnesemia. 

plays a role in the development of iatro-

6)  Physostigmine  (0.02 mg/kg  q12h  IV)  may 

genic hypermagnesemia. 

offset  the  neurotoxic  side  effects  of 

–  Many  cathartics,  laxatives,  and  antacids 

hypermagnesemia. 

contain magnesium, and care should be 

7)  Severe  cases  may  require  intubation,  posi-

exercised if multiple doses are given to a 

tive  pressure  ventilation,  and  vasopressor 

patient with underlying renal disease. 

therapy to maintain blood pressure. 

ii)  Clinical signs of hypermagnesemia

Refer to the Drug Table (Table 32.13) for more informa-

1)  Nonspecific clinical signs may include:

tion about the drugs listed in this chapter. 

–  Lethargy, depression, and weakness. 

2)  Neuromuscular signs include:

–  Hyporeflexia and flaccid paralysis. 

–  Profound  magnesium  toxicity  has  been 

Box 32.5  Step- by- Step Therapy for Hypermagnesemia

associated  with  respiratory  depression 

1)  Correct underlying disease process. 

secondary  to  respiratory  muscle  paraly-

2)  Stop all exogenous magnesium therapy. 

sis.  Severe  respiratory  depression  can 

3)  Diurese using 0.9% NaCl. 

result in hypoventilation and subsequent 

4)  Consider furosemide to enhance renal magnesium 

hypoxemia. 

excretion. 

–  Dull mentation, absent menace, and pal-

a)  Do not give to hypovolemic or dehydrated cats. 

pebral reflex. 

5)  Consider calcium gluconate to reverse the cardio-

3)  Cardiovascular effects include:

toxic effects of hypermagnesemia. 

–  Hypotension  secondary  to  relaxation  of 

6)  Consider physostigmine to reverse the neurotoxic 

vascular resistance vessels. 

effects of hypermagnesemia. 

–  Bradycardia,  complete  heart  block,  and 

7)  Intubate and provide positive pressure ventilation 

asystole. 

and/or vasopressor therapy in severe cases. 

–  Hypothermia. 

Table 32.13  Drug table. 

Mechanism of 

Contraindications or 

Routes of administration 

Drugs

Classes

Actions (MOAs)

Side effects

precautions

and doses

General uses

Alendronate

Bisphosphonate

Osteoclast inhibitor Potential for esophageal 

Esophageal disease. Limited  10 mg/cat PO once weekly. 

Hypercalcemia

erosion and stricture, GI 

data available. 

Can increase up to 30 mg/

upset, jaw osteonecrosis. 

cat PO once weekly. Follow 

Limited data available

with water and butter lips to 

increase salivation. 

Aluminum 

Phosphate binder,  Binds phosphorous  Constipation, 

Constipation

30–100 mg/kg/day PO 

Hyperphosphatemia

carbonate, 

antacid

in the diet and 

hypophosphatemia, 

divided with meals

aluminum 

prevents absorption. aluminum toxicity

hydroxide

Interacts with 

hydrogen ions in 

the gut. 

Calcitonin

Hormone

Inhibits osteoclastic  Vomiting, diarrhea, anorexia,  Caution in young animals 4–6 IU/kg SC q8–12h. 

Adjunctive therapy 

resorption, reduces  hypocalcemia, allergic 

No data available in cats. 

for hypercalcemia

tubular calcium 

reaction/anaphylaxis

reabsorption

Calcitriol

Vitamin D analog  Promotes GI 

Hypercalcemia, 

Hypercalcemia, vitamin D 

20–30 ng/kg/d PO for 

Hypocalcemia from 

(hormone)

absorption, renal 

nephrocalcinosis, 

toxicity, malabsorption 

3 days, then 5–15 ng/kg/d 

hypoparathyroidism 

reabsorption, and 

hyperphosphatemia

syndrome; caution with 

PO, divided in 2 doses. 

or renal disease

bone resorption of 

hyperphosphatemia

calcium

Calcium acetate Calcium salt

Binds phosphorous  Hypercalcemia, soft- tissue 

Hypercalcemia

60–90 mg/kg/d PO divided 

Hyperphosphatemia

in the GI tract

calcification

and given with food

Calcium 

Calcium salt

Increases 

Hypercalcemia, if in 

Hypercalcemia, ventricular 

Hypocalcemia: 25–50 mg/

Hypocalcemia, 

carbonate

extracellular 

combination with vitamin D 

fibrillation; caution with 

kg/day PO divided 

hyperphosphatemia

calcium, binds 

or increased PTH, soft- tissue 

digitalis

BID–QID, dose based on 

phosphorous in the  mineralization

elemental calcium content; 

GI tract (less 

Hyperphosphatemia: 

effective than 

90–150 mg/kg/d PO divided

calcium acetate)

Calcium 

Calcium salt

Increases 

Hypercalcemia, vascular 

Hypercalcemia, ventricular 

2.5–3.5 mg/kg/h IV, dose 

Hypocalcemia, 

chloride

extracellular 

irritation; hypotension, 

fibrillation; caution with 

based on elemental calcium  hypermagnesemia, 

calcium

arrhythmias, arrest if rapid 

digitalis, cardiac or renal 

content

hyperkalemia

administration

disease, respiratory acidosis, 

or failure

Calcium 

Calcium salt

Increases 

Hypercalcemia, vascular 

Hypercalcemia, ventricular 

Hyperkalemic crisis or to 

Hyperkalemic crisis, 

gluconate

extracellular 

irritation; hypotension, 

fibrillation; caution with 

decrease cardiotoxic effects  correction of 

calcium, normalizes  arrhythmias, arrest if rapid 

concurrent digitalis use, 

of hypermagnesemia: 

hypocalcemia, 

cardiac membrane 

administration

cardiac or renal disease

50–150 mg/kg IV slowly 

decrease cardiotoxic 

excitability

over 5–30 minutes diluted 

effects of 

1:1 with 0.9% NaCl; 

hypermagnesemia

correction of hypocalcemia:

5–15 mg/kg IV slowly over 

10–20 minutes, dose based 

on elemental calcium 

content; refractory 

hypocalcemia: 2.5–3.5 mg/

kg/h IV CRI, dose based on 

elemental calcium

Dexamethasone Glucocorticoid

Multiple 

Symptoms of 

Systemic fungal infections; 

0.1–0.22 mg/kg PO, SC, IM,  Hypercalcemia

mechanisms

hyperadrenocorticism, 

will complicate diagnosis of  IV q24h

Gl ulceration, growth 

lymphoma

retardation of young

Diltiazem

Calcium- channel  Inhibits influx of 

Bradycardia, GI distress, 

Hypotension, sick sinus 

0.5–1.5 mg/kg PO q8h; for 

Hypercalcemia– 

blocker in smooth  extracellular 

hypotension, heart block, 

syndrome, AV block; caution  acute management 

cardioprotective

muscle and 

calcium

CNS effects

in heart failure, hepatic and  0.125–0.35 mg/kg IV

myocardial cells

renal impairment. 

Furosemide

Loop diuretic

Increases renal 

Electrolyte abnormalities due  Dehydration, hypotension, 

1 mg/kg IV bolus, followed 



excretion of 

to renal loss, dehydration, 

pre- existing electrolyte 


by 0.2–1 mg/kg/h CRI or 

Hypercalcemia, 

magnesium, 

ototoxicity, Gl disturbances, 

imbalances other than 

1–4 mg/kg PO, SC, IM, or 

hypermagnesemia, 

calcium, and 

weakness

hypercalcemia and 

IV q8–24h. 

hypervolemic 

sodium

hypermagnesemia, hepatic 

hypernatremia

dysfunction, diabetes 

mellitus

Iron (III) oxide

Phosphate binder

Forms insoluble 

No data available

No data available. 

Suggested dose: 0.25–1 g/

Hyperphosphatemia

complexes with 

cat/d PO with food

dietary 

phosphorous. 

Lanthanum 

Phosphate binder

Forms insoluble 

Vomiting. Limited data 

Use with caution in patient 

200 mg/cat with food twice  Hyperphosphatemia

carbonate

complexes with 

available. 

with compromised GI tract 

daily

dietary 

(potential for increased 

phosphorous. 

absorption)

( Continued)

Table 32.13  (Continued)

Mechanism of 

Contraindications or 

Routes of administration 

Drugs

Classes

Actions (MOAs)

Side effects

precautions

and doses

General uses

Magnesium 

Magnesium salt

Increases 

Usually the result of overdose.  Caution with heart block 

Rapid repletion: 0.75–1 mEq/ Hypomagnesemia

chloride

extracellular 

Hypermagnesemia, 

and impaired renal function kg/day for 1st 24–48 hours; 

magnesium

hypotension, bradycardia, 

slow repletion: 0.3–0.5 mEq/

vomiting, weakness, 

kg/day for 3–5 days; 

respiratory depression, CNS 

life- threatening ventricular 

depression, hyporeflexia

arrhythmias: 0.15–0.3 mEq/

kg over 5–15 minutes. Dilute 

in 0.9% NaCl or 5% dextrose 

in water. 

Magnesium 

Magnesium salt

Increases 

See magnesium chloride. 

See magnesium chloride. 

See magnesium chloride. 

Hypomagnesemia

sulfate

extracellular 

Hypocalcemia

Hypocalcemia

magnesium

Pamidronate

Bisphosphonate

Inhibits osteoclastic  Nephrotoxicity, 

Impaired renal function

1.5–2.0 mg/kg IV in 0.9% 

Adjunctive therapy 

resorption

hypomagnesemia, 

NaCl given over 2 hours; 

for hypercalcemia

arrhythmias

repeat in 2–4 weeks PRN

Physostigmine

Anticholinesterase Reverses 

Vomiting, nausea, miosis, 

Epilepsy/seizures, 

0.02 mg/kg IV q 12 h

Decrease neurotoxic 

anticholinergic 

salivation, sweating, 

bradycardia, tachycardia, 

effects of 

effects or agents

lacrimation, bronchospasm, 

asthma, diabetes mellitus, 

hypermagnesemia

dyspnea, pulmonary edema, 

cardiovascular disease, 

respiratory paralysis, irregular  gastrointestinal or urinary 

pulse, bradycardia or 

obstruction

tachycardia, hypotension or 

hypertension, restlessness, 

weakness, muscle twitching, 

seizures, collapse, paralysis

Plicamycin 

Antineoplastic

Inhibits osteoclastic  Gl, thrombocytopenia, 

Impaired renal function

25 μg/kg IV in 5% dextrose 

Hypercalcemia

(mithramycin)

resorption

hepatotoxicity, nephrotoxicity

in water over 2–4 hours

Potassium 

Potassium salt

Increases 

Hyperkalemia, vascular 

Hyperkalemia, renal 

If IV, do not exceed 

Hypokalemia 

chloride 

extracellular 

irritation

impairment, hemolytic 

0.5 mEq/kg/h. 

treatment or 

(2 mEq/ml)

potassium

reactions, acute dehydration, 

prevention

digitalized patients

Potassium 

Potassium salt

Increases 

Hyperkalemia, Gl irritation

Hyperkalemia, renal 

5–8 mEq/cat/day PO divided  Hypokalemia 

gluconate

extracellular 

impairment, hemolytic 

BID or TID initially, then 

treatment or 

potassium

reactions, acute dehydration,  2–4 mEq/cat/day 

prevention

digitalized patients

maintenance

Potassium 

Potassium salt

Increases 

Hyperkalemia, vascular 

Hyperkalemia, renal 

For potassium 

Hypokalemia 

phosphate 

extracellular 

irritation, 

impairment, hemolytic 

supplementation: If IV, do 

treatment or 

(4.36 mEq/ml)

potassium

hyperphosphatemia, 

reactions, acute dehydration,  not exceed 0.5 mEq/kg/h. 

prevention, 

hypocalcemia, hypotension, 

digitalized patients, 

For phosphorus 

hypophosphatemia 

renal failure, soft- tissue 

hyperphosphatemia, 

supplementation: 0.01–

treatment

mineralization, seizures

hypocalcemia, oliguric or 

0.06 mmol/kg/h IV in 

anuric renal failure, tissue 

calcium- free fluids. 

necrosis

0.5–2 mmol/kg/d PO

Prednisolone

Glucocorticoid

Increases calciuresis Symptoms of 

Systemic fungal infections, 

1.0–2.2 mg/kg PO, SC, IM, 

Hypercalcemia

hyperadrenocorticism, Gl 

use with caution in patients  IV q12–24h

ulceration, secondary diabetes  with heart disease, may 

mellitus

complicate diagnosis of 

lymphoma

Regular insulin Endocrine 

Facilitates 

Hypoglycemia

Hypoglycemia

0.25–1.0 U/kg diluted in IV  Hyperkalemic crisis

pancreatic 

intracellular 

fluids containing dextrose 

hormone

nutrient uptake

(2 g/U insulin) or 0.25–

1.0 U/kg can be 

administered as an IV bolus 

followed by a 25% dextrose 

IV bolus (1–2 g/U insulin)

Sodium 

Alkalinizing agent Extracellular buffer,  Metabolic alkalosis, 

Alkalosis, hypochloremia, 

For hyperkalemic crisis: 

Hyperkalemic crisis, 

bicarbonate

calcium binding

hypokalemia, hypocalcemia, 

hypocalcemia; caution in 

1–2 mg/kg IV slowly over 

hypercalcemia

hypernatremia, volume 

congestive heart failure 

15–20 minutes. For 

overload, hypoventilation

(CHF), volume overload, 

metabolic acidosis or 

nephrotic syndrome, 

hypercalcemia: 0.5–4 mEq/

oliguria, hypertension

kg IV slowly

Terbutaline

B- agonist

Stimulates 

Dose- related. Tachycardia, 

Heart disease, especially if 

0.01 mg/kg IV slowly over 

Hyperkalemia

beta- adrenergic 

tremors, CNS excitement. 

CHF is present. Use with 

5–15 minutes

receptors found 

Transient hypokalemia

caution in patients with 

principally in 

diabetes, hyperthyroidism, 

bronchial, vascular, 

hypertension, seizure 

and uterine smooth 

disorders, or cardiac disease 

muscles (β2)

(arrhythmias)

Verapamil

Calcium- channel  Inhibits influx of 

Hypotension, bradycardia/

Hypotension, sick sinus 

0.025 mg/kg IV q 

Hypercalcemia— 

blocker

extracellular 

tachycardia, AV block, 

syndrome, AV block; caution  10–30 minutes; max 

cardioprotective

calcium in smooth 

worsening of CHF, nausea, 

in heart failure, hepatic and  cumulative dose 0.15 mg/kg. 

muscle and 

constipation

renal impairment

0.5–1 mg/kg PO q8h. 

myocardial cells

Zoledronate

Bisphosphonate

Inhibits osteoclast 

Limited data

Limited data

0.1–0.2 mg/kg IV over 

Adjunct treatment 

activity

30–60 minutes

for hypercalcemia
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Reproductive Emergencies

 Carol A. Margolis and Margret L. Casal

UNIQUE FEATURES



● Queens are light- cycle- influenced seasonally polyestrous primarily induced ovulators. 



● Understanding normal reproduction and queening will aid in appropriate recognition, diagnosis, and management of dystocia. 



● Queens can produce multiple litters in a single season. 



● Knowledge of normal feline reproduction in both the pre-  and post- parturient periods improves correct identification and addressing of associated potential complications. 



● Uterine torsion although rare should be suspected in prolonged dystocia or significant anemia and decompensation during queening. 



● Medical versus surgical management options may be applicable dependent on future potential intention or prognosis for return to functional breeding. 

The following is not an exhaustive list or discussion of all 

follicles,  no  longer  receptive.  Low  estrogen  or 

potential  complications  involving  the  reproductive  tract, 

progesterone  hormone  levels  until  subsequent 

but  aims  to  serve  as  a  guide  for  those  most  commonly 

follicular wave. 

encountered in an emergency setting. 

iv)  Diestrus:  progesterone  produced  from  corpus 

A)  Normal feline reproduction

luteum (CL) after ovulation

a)  Seasonally  polyestrous  induced  ovulators  with  a 

1)  Pregnancy— gestation 

length 

average 

small percentage occurring spontaneously

66.9 days (range 62–71)

i)  Cycle  repeated  unless  induced,  followed  by 

–  First 45 days CL dependent for progester-

pregnancy,  pseudopregnancy,  pyometra,  or 

one production. 

other possible complications. 

–  Days 45–65 dependent on placental pro-

ii)  Northern  Hemisphere  breeding  season  is 

duction of progesterone. 

February through October. 

2)  Pseudopregnancy— ovulation with no preg-

iii)  Managed queens exposed to 12 hours or greater 

nancy, CL lasts 35–45 days. 

(14–16 hours)  of  light  encouraging  cycles 

v)  Anestrus— hormonal  quiescence  typically  late 

year- round. 

fall and winter (Northern Hemisphere). 

b)  Estrous cycle

B)  Pregnancy diagnosis

i)  Proestrus— typically lasts 24–48 hours, predom-

a)  Abdominal palpation— string of pearls as early as 

inated by estrogen (follicular wave). 

16–20 days (easier 21–28 days). 

ii)  Estrus— typically  lasts  7  days  (3–16 days), 

b)  Ultrasound— vesicles  detectable  by  10 days,  main-

increased estrogen from selected ovarian folli-

taining a circular appearance until 25 days. 

cles (Box 33.1). 

i)  Care must be taken to not apply too much pres-

1)  Vaginal  cytology  performed  in  estrus  con-

sure  and  cause  artificial  elongation  or 

sists primarily of superficial epithelial with 

compression. 

pyknotic nuclei. Obtaining vaginal cytology 

ii)  Fetal  heart  beats  detectable  between  23  and 

may induce ovulation (see Figure 33.1). 

26 days— most useful for viability assessment. 

iii)  Interestrus: 

typically 

lasts 

8 

days 

iii)  Not  an  accurate  method  for  determining  lit-

(ranges 7–14)— regression of previously selected 

ter size. 
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Box 33.1  Behavioral Signs of Estrus

Vocalization

Affectionate rubbing

Rolling

Lordosis (sternal recumbency with elevated hind)

Roaming

Copulation receptivity

Figure 33.2  Cervical plug visualized during stage I labor in Sphynx cat. 

ii)  Delivery lasts 5–30 minutes, average 30 minutes 

between kittens. 

iii)  Uterine  contraction  pushes  fetus  into  pel-

Figure 33.1  Vaginal cytology using Diff- Quik at 10× from an vic cavity. 

estrual feline demonstrating >90% superficial epithelial cells 

iv)  Followed by expulsive uterine and abdominal 

and pyknotic nuclei. 

contractions. 

v)  Fetus in birth canal, rupture of allantochorion 

c)  Radiography— mineralization detectable at 45 days. 

(can first be visualized as fluid- filled bubble not 

i)  More accurate for litter size evaluation. 

to be confused with cervical plug). 

ii)  Most useful to assess position and size in rela-

vi)  First  fetus  delivered  usually  within  1  hour  of 

tion to maternal pelvis. 

onset of stage 2. 

C)  Eutocia— normal parturition or queening

vii)  Can  occur  over  12–72 hours  with  queen- 

a)  Possible  but  less  reliable  drop  in  temperature 

controlled  pauses  of  12–24 hours  or  complete 

21 hours prior to parturition. 

shutdown of labor if feeling threatened. 

b)  Stage 1

viii)  Will  nurse  while  continuing  parturition  (see 

i)  Licking perineal area more frequently, no overt 

Figure 33.3). 

contractions. 

ii)  May visualize cervical plug (it is NOT the allan-

toic membrane— small bubble of fluid protrud-

ing  from  vulva  that  liquefies/dissolves)  (see 

Figure 33.2). 

iii)  Squatting position (similar to urination squat). 

iv)  “Nesting”— turning  around  in  the  box  and 

smelling the floor. 

v)  Duration  average  6–12 hours,  up  to  36  being 

nervous/primiparous. 

vi)  Additional signs may include vocalization, rest-

lessness, tachypnea, purring, etc. 

c)  Stage 2

i)  Duration of 2–3 hours, with return of tempera-

Figure 33.3  Sphynx queen resting comfortably nursing kittens ture to normal if dropped prior. 

between deliveries. 
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ix)  Normal birth presentations

2)  Secondary— outside influences on birth canal

1)  Anterior  with  head,  neck,  and  forelimbs 

–  History of pelvic fracture. 

extended. 

–  Neoplasia obstructing canal. 

2)  Posterior with rear limbs extended, up to 40%. 

–  Uterine torsion. 

d)  Stage 3

–  Uterine  rupture  (see  Figures  33.4  and  

i)  Expulsion of placenta, usually within 15 minutes 

33.5). 

after  fetus  if  not  with  fetus  via  umbilical  cord 

–  Uterine prolapse. 

attachment. 

–  Fibrosis of uterus, cervix, or vagina. 

ii)  Alternate horn delivery can account for two feti 

–  Vaginal septum. 

followed by two placentas. 

–  Peritoneopericardial diaphragmatic hernia. 

iii)  Amnion  and  placenta  licked  and  chewed  by 

queen, excess ingestion can result in vomiting, 

or black watery diarrhea. 

iv)  Licking stimulates fetal respiration. 

v)  Lochia  or  bloody  vaginal  discharge  typically 

lasts 7–10 days. 

vi)  Lochia  can  become  dark  brown  and  slowly 

decrease over 4–6 weeks associated with uter-

ine involution. 

D)  Dystocia— abnormal  or  inability  to  expel  feti  during 

parturition. 

a)  Maternal factors (Box 33.2)

i)  Uterine inertia

1)  Primary— no active labor, gestation exceeds 

71 days  post  known  or  suspected  breed-

ing date. 

2)  Secondary— failure  to  deliver  all  feti,  most 

often associated with prolonged attempts to 

expel, resulting in fatigue. 

3)  Known factors include: family history, myo-

Figure 33.4  Uterine- associated abdominal mass. 

metrial  fatigue,  obesity,  hypoglycemia,  cal-

cium/magnesium  imbalance,  inadequate 

oxytocin  production  secretion  or  response, 

hormonal  imbalance  of  estrogen  and  pro-

gesterone,  stress  or  environmental  distur-

bances,  large  litter,  large  fetus,  small  litter 

size, or inadequate fetal fluids. 

ii)  Obstructive

1)  Primary— fetopelvic size mismatch

–  Brachycephalic breeds. 

Box 33.2  Indications for Immediate Cesarean Section

Fetal distress

Green discharge before the birth of the first kitten

Uterine inertia

Obstructed birth canal

Fetal malpresentation not amenable to manipulation

Fetal death

Fetal oversize

Maternal distress or evidence of systemic illness

Figure 33.5  Contents of uterine- associated abdominal mass 

revealing secondary traumatic ectopic pregnancy following rupture 

No response to medical management attempt

and subsequent death and early mummification of fetal contents. 
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b)  Fetal factors (Box 33.2)

i)  Malpresentation

1)  Transverse. 

2)  Lateral or ventral neck flexion. 

3)  Anterior presentation with flexion of one or 

both limbs (see Figure 33.6). 

4)  Posterior  presentation  with  retention  of 

both hind limbs. 

5)  Two 

feti 

attempting 

simultaneous 

presentation. 

ii)  Oversize

1)  Single large fetus. 

2)  Breed related large head (Persian)

iii)  Fetal malformation

1)  Hydrocephalus, anencephaly. 

2)  Hernias— cerebral,  cerebrospinal,  and 

Figure 33.7  Radiograph demonstrating the collapse of fetal 

abdominal. 

spinal columns. Associated with case from Figures 33.4 and 33.5. 

3)  Anasarca (subcutaneous edema). 

4)  Pectus excavatum. 

5)  Number of kittens delivered (viable or born 

5)  Duplication. 

still) and frequency between births. 

iv)  Fetal death— difficult to properly present due to 

6)  Intensity and frequency of contractions. 

rigor mortis (hyperextension of limbs). 

7)  Interventions attempted. 

1)  Radiograph  patterns  include  intrafetal  or 

ii)  Thorough physical exam

intrauterine  gas,  and  collapse  of  skull  or 

1)  Systemic illness versus stable

spinal  column  with  overlapping  bones 

–  Complete blood count (CBC) and serum 

(see Figure 33.7). 

chemistry— glucose and calcium levels. 

c)  Diagnosis of dystocia

2)  Abdominal  palpation  can  aid  in  assessing 

i)  Thorough reproductive history

size and tone of uterus, location of remain-

1)  Breeding dates. 

ing  feti  (cranial  abdomen,  mid  abdomen, 

2)  Queen’s queening history. 

and pelvic canal), and estimated number of 

3)  Tom’s history of litter production. 

remaining feti. 

4)  Onset  of  labor  or  if  temperature  drop 

3)  Vaginal  exam— sterile  gloves  and  sterile 

observed. 

lubricant  to  determine  vaginal  or  cervical 

abnormalities

–  Patient size may limit digital exam. 

–  Normal canal in queening should accom-

modate finger to pass easily. 

–  Assess fetal presentation and viability. 

–  Ferguson reflex (feathering (stroking) of 

dorsal vaginal wall to elicit contractions), 

and  assesses  strength  of  contractions  or 

level of inertia (partial or complete). 

4)  Radiographs  to  determine  number  and 

location or viability (not as reliable as ultra-

sound  or  doppler)  of  remaining  feti,  and 

assess for pelvic abnormalities. 

5)  Ultrasound— better for viability assessment 

and assessment of fetal distress

–  Normal  heart  rates  are  229  ±  35  beats 

Figure 33.6  Dystocia- deceased fetus due to anterior 

per minute. 

presentation with flexion of both limbs resulting in shoulder 

lock evidenced by congestion of blood cranial to cervical region 

–  Rates of 180 or below indicate distress— be 

at level of contact with cervix/pelvic inlet. 

sure  to  check  again  in  2–3  minutes  to 
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account  for  possible  uterine  contraction 

dextrose by slow IV infusion. If no response 

occurring over the fetus that would cause 

in 20 minutes, proceed with surgery. 

temporary  decrease.  If  consistently  low 

4)  Beware of higher doses of oxytocin potential 

rates, proceed with surgical intervention. 

to  result  in  uterine  rupture,  or  uncoordi-

–  Evidence  of  hyperechoic  material  free 

nated contractions contributing to decreased 

within  the  amnion  may  indicate  meco-

fetal blood flow or placental separation. 

nium release due to distress. 

iii)  Calcium gluconate 10% solution

d)  Medical management of dystocia (Box 33.3)

1)  Dose 0.5–1.5 ml/kg IV slowly. 

i)  Less than one- third success rate

2)  Electrocardigram (ECG) monitoring during 

1)  Increased rates of stillborn with prolonged 

administration for arrhythmias. 

length of dystocia, or 4.5–6 hours from onset 

3)  Hypoglycemia in felines: total calcium less 

of stage 2 labor. 

than 8 mg/dl, or serum ionized calcium less 

2)  Rule out obstructive or uterine inertia with 

than 1.0 mmol/l. 

exam and diagnostics. 

4)  Enhances  uterine  contraction  potential  via 

3)  Consider  instituting  fluid  administration 

influx of calcium. 

with dextrose and or calcium based on blood 

5)  Dextrose. 

work  prior  to  oxytocin  administration  for 

6)  50%  solution,  0.5–1 ml/kg  IV  slowly; 

cumulative effects. 

2 ml/kg PO. 

4)  Digital manipulation can be attempted if a 

e)  Surgical management

fetus is lodged in the birth canal with the use 

i)  Indicated if not responsive to medical manage-

of  copious  sterile  lubricant— can  lubricate 

ment,  or  any  previously  listed  obstructive, 

canal with red rubber passed beyond fetus. 

maternal, or fetal factors identified. 

5)  Grasp  around  head  and  neck  or  pelvis.  If 

ii)  Prior  to  proceeding  with  surgery,  assess  need 

limbs  are  present,  grasp  “proximal”  por-

for stabilization

tions,  as  they  are  easy  to  tear  or  damage. 

1)  Intravenous  catheter  and  fluid  administra-

Beware of excess traction. 

tion to correct or prevent hypovolemia. 

–  Traction  should  be  applied  gently  in  a 

2)  Additional  corrections  based  on  CBC  and 

posterior- ventral  direction  in  relation  to 

serum biochemistry. 

the queen. 

3)  Pre-oxygenation  for  3–5  minutes  without 

–  Rocking  and  twisting  can  be  imple-

preanesthetic medications to minimize fetal 

mented to attempt to free locked hips or 

hypoxia  and  drug  exposure,  as  these  can 

shoulders. 

result in reduced heart rates and more diffi-

ii)  Oxytocin

cult resuscitation of neonates. 

1)  Dose 0.25–1 units IM, IV, or SQ at 30–40- minute 

4)  Clipping  and  surgical  preparation  prior  to 

intervals. 

induction to reduce anesthesia time. 

2)  Increases  uterine  contraction  strength  and 

iii)  Anesthetic considerations

frequency  via  promoting  influx  of  calcium 

1)  Equipment  and  personnel  ready  prior  to 

into myometrial cells. 

induction. 

3)  Alternative protocol: 2–4 units IV, followed by 

2)  Choose drugs with short duration of action 

1–2 ml 10% calcium gluconate, no fetus after 

or reversible. 

20 minutes, repeat oxytocin after 2 ml of 50% 

3)  Avoid  drugs  with  higher  mortality  rates  if 

possible. 

4)  Give induction agents to effect. 

–  Propofol 4–6 mg/kg IV to effect

Box 33.3  Drugs to Avoid in Cesarean Anesthesia Due 

–  Mask induction with isoflurane or sevoflu-

to Association with Higher Mortality

rane  using  lowest  possible  concentration, 

as these are expelled via respiration and will 

Thiobarbiturates

be  difficult  for  depressed  neonates  with 

Ketamine

poor respiratory rates to clear drug. 

Xylazine

–  Inhalants  can  cause  vasodilation  reduc-

Medetomidine

ing uterine blood flow resulting in neona-

Methoxyflurane

tal depression. 

404  Reproductive Emergencies

5)  Intubation recommended with cuffed endo-

4)  Hysterotomy (cesarean section) procedure

tracheal tube to reduce risk of aspiration

–  Ventral midline incision. 

–  Higher risk aspiration due to delayed gas-

–  Exteriorize uterus. 

tric emptying. 

–  Pack off abdominal cavity with moistened 

–  Avoid Trendelenburg position (table head 

laparotomy sponges to reduce contamina-

tilted  down)  to  avoid  excess  diaphrag-

tion of fetal fluids. 

matic pressure and impaired ventilation. 

–  Incise  longitudinal  at  avascular  area  of 

6)  Local anesthetic

uterine  body— extend  with  scissors  to 

–  Lidocaine  2%,  1–2 mg/kg  line  block 

avoid  fetus  and  extend  further  if  neces-

infused along midline. 

sary to avoid uterine tearing. 

–  Reduces fetal exposure to anesthetics. 

–  Milk  feti  from  each  horn  in  alternating 

–  Beware, as cats may be more sensitive to 

left right fashion taking care with umbili-

lidocaine toxicity. 

cal handling to avoid body wall tears or 

–  Lidocaine  presurgically  and  bupivacaine 

herniation. 

postsurgically will reduce dose and num-

–  After  removal  of  feti,  ensure  no  feti  in 

ber of other drugs for analgesia. 

birth canal, and close uterus with double 

7)  Epidural

layer continuous inverting (Lembert and 

–  Lidocaine (2–3 mg/kg)— not to be used in 

Cushing) taking care to avoid full thick-

conjunction  with  line  block.  Preferred 

ness bites into endothelium, using absorb-

over bupivacaine for fast onset and short 

able monofilament suture. 

duration.  Longer- acting  epidurals  may 

–  Copious  lavage  of  the  abdomen  with 

induce distress due to inability to move, 

warmed sterile saline. 

delaying normal mothering. 

–  Abdominal  wall  closure— taking  large 

–  Concern  for  systemic  vasodilation, 

bites  and  anchor  knots  in  non- incised 

reducing  blood  pressure  and  flow  to 

portion  of  linea  using  polydioxanone 

placentas. 

(PDS) or non- absorbable monofilament. 

iv)  Cesarean  surgery  general  considerations  and 

–  Subcuticular or intradermal sutures with 

procedure

buried knots may reduce picking or biting 

1)  Thin linea alba due to abdominal stretching— 

at sutures. 

take care to avoid incising underlying organs 

5)  En bloc procedure

(uterus, bladder, etc.). 

–  Ventral midline incision

2)  Avoid incising mammary tissue. 

–  Exteriorize uterus. 

3)  En bloc hysterectomy considerations

–  Care taken to milk intracervical or vagi-

–  Low survival rate with en bloc (42%). 

nal feti back into uterus. 

–  May  be  preferred  if  infectious  material 

–  Break down suspensory ligaments bilater-

suspected  in  uterus,  litter  known  to  be 

ally prior to placing clamps. 

deceased,  or  unstable  queen  to  expedite 

–  Double  clamp  body  of  uterus  cranial  to 

recovery. 

cervix followed by each ovarian pedicle. 

–  If owner does not plan to breed again or 

–  Incise  between  all  clamps  and  rapidly 

morphologic  abnormalities  preventing 

hand off to team of assistants. 

future vaginal delivery attempts, consider 

–  Double ligate ovarian and uterine pedicles 

hysterectomy prior to ovariohysterectomy 

followed by routine abdominal closure. 

(OVH) for improved neonatal outcome if 

E)  Neonatal resuscitation

queen stable. 

a)  Intervention initiated when queen fails to clean kit-

–  Should remove all feti within 60 seconds 

tens or in event of dystocia and/or cesarean

of clamping and removal for best results. 

i)  Promptly remove amnion. 

–  Not  recommended  if  feti  bradycardic 

ii)  Clear airways. 

prior to surgery. 

iii)  Clamp,  ligate,  and  transect  umbilicus  1–2 cm 

–  Lactation not affected if proper pain con-

away from body followed by betadine or iodine. 

trol  and  maintenance  of  blood  pressure 

b)  Supplies recommended— heat sources and an incu-

during  surgery  via  appropriate  fluid 

bator  at  90 °F,  dry  warm  towels,  suction  bulb 

administration. 

syringes or DeLee mucus traps, hemostats, suture 
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material,  betadine, and emergency drugs pre- drawn 

iii)  Endotracheal

and diluted. 

1)  For administration of emergency drugs. 

c)  Physical  exam— to  assess  for  congenital 

2)  Dilute  to  increase  mucosal  surface  area 

abnormalities. 

contact. 

i)  Discuss  with  owner  intentions  for  offspring 

h)  Resuscitation drugs (Box 33.4)

with  congenital  malformations  such  as  cleft 

i)  Epinephrine

palate, umbilical hernia, patent urachus, atresia 

1)  Drug of choice. 

ani, etc. 

ii)  Naloxone

d)  Stimulation  and  heat  support  for  ventilation— 

1)  May be required as often as nursing, based 

vigorous  drying  with  prewarm  towels  will  aid  in 

on opioid administration to queen. 

warming and stimulating ventilation which influ-

iii)  50% dextrose

ences cardiac function

1)  If clinical signs suspected or noted— attempt 

i)  Hair  dryers  and  Bair  Huggers  more  effective 

to  get  baseline  blood  drawn  and  glucose 

than water blankets. 

level prior to administration. 

ii)  Ensure humidified incubator if in use. 

2)  Signs  include  seizures,  weakness,  flaccid, 

iii)  Suction oral cavity and nares with bulb syringe 

coma, etc. 

or DeLee mucus trap. 

i)  Resuscitation drugs no longer recommended

iv)  “Swinging”  not  recommended  due  to  risk  for 

i)  Doxapram— lack  of  supportive  evidence  to 

cerebral hemorrhage. 

efficacy

e)  Oxygen  supplementation— for  those  not  respond-

1)  Originally thought to stimulate respiration. 

ing  to  stimulation  alone,  snug  fitting  mask,  and 

2)  Effect  diminished  by  brain  hypoxemia, 

positive pressure

unlikely  to  improve  already  hypoxemic 

i)  Acupuncture GV 26 or Jen Chung used to stim-

neonate. 

ulate respiration

3)  Useful  only  if  barbiturate  anesthesia  with 

1)  25- gauge  needle  into  center  of  nasal 

resultant respiratory depression. 

philtrum  until  contact  with  bone,  rotate  

ii)  Atropine

gently. 

1)  Neonatal bradycardia not vagally mediated. 

ii)  Ventilation  may  be  required  to  eliminate 

2)  Use  may  exacerbate  myocardial  oxygen 

isoflurane. 

deficits. 

iii)  Fully extend head and neck. 

j)  Fluid therapy

iv)  Monitor  for  gastric  distention  from  incidental 

i)  IO or IV preferred over SQ. 

insufflation— air  can  be  removed  with  DeLee 

ii)  Prewarmed crystalloids (lactated Ringer’s solu-

mucus  trap  or  passing  a  red  rubber  or  other 

tion, LRS) to body temperature. 

feeding tube. 

iii)  Daily 

requirements 

range 

reported 

v)  Intubation— difficult,  possible  with  red  rub-

60–180 ml/kg/day

ber  catheter  or  uncuffed  or  Cole  endotra-

1)  Bolus up to 30–40 ml/kg/h, reassessing every 

cheal tube

15 minutes. 

1)  FiO2  less  than  40–60%  recommended 

2)  Hypovolemic shock rates 40–45 ml/kg/h. 

(not 100%). 

f)  Cardiac massage— institute if no heartbeat detected 

in  conjunction  with  warming,  stimulating,  and 

ventilating

Box 33.4  Drugs Used in Neonatal Resuscitation

i)  Forefinger  and  thumb  compressing  chest  by 

1. Epinephrine

about 30% for minimum of 100–120 compres-

0.02–0.2 mg/kg administered IV, IO, IT

sions per minute with goal of 200 bpm. 

2. Naloxone

g)  Fluid therapy or drug administration routes

0.1 mg/kg IV, IM, or sublingual

i)  Intravenous— jugular  or  umbilical  veins  pro-

3. 50% dextrose

vide easiest access. 

0.25–1 ml/kg IV (dilute if peripheral), or 2 ml/kg PO

ii)  Intraosseous— sterile preparation required. 

Resuscitation drugs no longer recommended

1)  Femur followed by humerus or tibia depend-

Doxapram

ing on patient size. 

Atropine

2)  22–25- gauge needle. 
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iv)  Higher due to higher total body water percent-

9)  Dehydration. 

age  and  incomplete  maturation  of  kidneys 

10)  Sepsis or septic shock. 

with  concentrating  capability  starting  around 

–  Tachycardia. 

40 days of age. 

–  Tachypnea. 

F)  Uterine pathologies

–  Hypotension. 

a)  Pyometra

–  Pale or injected mucous membranes. 

i)  Purulent  exudate  accumulation  within  the 

v)  Diagnostics

uterine lumen. 

1)  Complete blood count

ii)  Progesterone- mediated disease most often seen 

–  Anemia. 

in diestrus. 

–  Leukocytosis ± degenerative left shift. 

iii)  Risk factors

–  Leukopenia. 

1)  One of the most common reproductive dis-

2)  Serum biochemistry

orders in intact queens. 

–  Hyperproteinemia or hypoproteinemia. 

–  Typically reported within 4 weeks of signs 

–  Hyperglobulinemia. 

of estrus. 

–  Hyperglycemia or hypoglycemia. 

2)  Long- term progestin exposure

–  Azotemia— prerenal or renal. 

–  Luteal cystic ovaries. 

–  Elevations  in  alkaline  phosphatase  or 

–  Cycle suppression with megestrol acetate 

alanine aminotransferase. 

or altrenogest. 

3)  Urinalysis

3)  Cystic endometrial hyperplasia (CEH) from 

–  Concurrent  urinary  tract  infection 

repeated or prolonged progestin exposure

common. 

–  Normal uterine response to progesterone 

–  Midstream  voided  urine  sample  or 

hypertrophy of uterine glands. 

cystocentesis at time of surgery. 

–  Suggested  scarring  to  gland  surface 

–  Avoid cystocentesis to reduce risk uter-

results in cyst formation. 

ine rupture. 

–  Thickened  endometrium  and  decreased 

–  Proteinuria. 

myometrial activity. 

● 

Can  indicate  urinary  tract  infection 

–  Progesterone 

suppresses 

leukocyte 

or  immune  complex  deposition  and 

activity. 

glomerulonephropathy. 

4)  Hydrometra: low- viscosity uterine fluid. 



●

Typically resolves with treatment. 

5)  Mucometra: high- viscosity uterine fluid. 

–  Isosthenuria

6)  Hematometra: 

high- percentage 

red 



●

 Escherichia  coli  endotoxin  causes 

blood cells. 

decreased  response  of  renal  tubules 

7)  Opportunistic  invasion  of  bacteria 

to antidiuretic hormone (ADH). 

from vagina. 

● 

Specific gravity not useful to differ-

8)  Average age reported 4 and 7.2 years, range 

entiate  prerenal  from  renal 

1–20 years. 

azotemia. 

iv)  Clinical signs typically fewer than bitches, no 



●

Differentiation based on response to 

relation of signs and severity of uterine lesions

fluid therapy. 

1)  Purulent  vaginal  discharge,  may  also  be 

4)  Vaginal cytology

mucopurulent or sanguineous. 

–  Degenerative neutrophils with intracel-

–  Perineal soiling. 

lular bacteria (see Figure 33.8). 

–  Unkempt appearance. 

–  Culture collection from anterior vaginal 

2)  Anorexia. 

with guarded swab for sensitivity testing 

3)  Lethargy/depression. 

to aid medical management. 

4)  Emesis. 

–  Vaginal and uterine cultures

5)  Palpable uterine enlargement or abdominal 



●

 E. coli most common isolate. 

distention. 



●

No growth in 10–30% of cases. 

–  Caution  to  not  rupture  with  aggressive 

5)  Radiographs

palpation, uterus may be friable. 

–  Fluid- filled  tubular  organ  between 

6)  Diarrhea. 

descending colon and urinary bladder

7)  Rare polyuria/polydipsia. 



●

Open pyometra may prevent identifi-

8)  Uveitis. 

cation of uterus. 

[image: Image 110]
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3)  Uterus should be exteriorized and abdomen 

packed off with laparotomy sponges. 

4)  Not  recommended  to  clamp  uterine  body, 

but transfixed prior to ligation. 

5)  Uterine  stump  should  not  be  oversewn,  as 

this may increase chance of uterine stump 

abscessation. 

6)  Remainder  of  uterine  stump  lavaged  and 

omentalized. 

viii)  Complications

1)  Anesthesia. 

–  Stabilization prior to surgery. 

–  Post- operative monitoring recommended 

Figure 33.8  Cytology under 100× oil immersion of purulent 

for 24–48 hours in hospital. 

vaginal discharge demonstrating too numerous to count 

2)  Uterine rupture and sepsis. 

neutrophils with intracellular bacteria. 

3)  Hemorrhage. 

4)  Peritonitis. 

● 

Difficult  to  differentiate  from  early 

5)  Dehiscence. 

pregnancy uterus visible by 28 days. 

6)  Uterine stump pyometra. 

● 

Fetal skeletal mineralization not dis-

7)  Emesis. 

cernible until day 45. 

ix)  Prognosis

–  Loss of detail may suggest uterine rupture. 

1)  92% survival rate after surgery. 

6)  Ultrasound

2)  Monitor  renal  status  pre-  and  post- 

–  Useful to differentiate gravid- filled versus 

operatively. 

fluid- filled. 

3)  Peritonitis may require closed suction drain 

–  May  reveal  increased  wall  thickness, 

placement or open abdomen management. 

CEH,  and  anechoic  to  mixed  echogenic 

x)  Medical management

fluid  in  tubular  or  multiloculated  uter-

1)  Case selection

ine lumen. 

–  Valuable breeder. 

vi)  Stabilization

–  Open cervix. 

1)  Institute  fluid  therapy  based  on  clinical 

–  Age. 

signs and initial diagnostics results

–  Degree of systemic involvement. 

–  Shock, 

electrolyte 

imbalance, 

–  Presence or absence of CEH. 

hypoglycemia. 

2)  High rates of recurrence. 

2)  Broad- spectrum  antibiotic  therapy  started 

3)  Risk  of  uterine  rupture  or  retrograde  exu-

preoperatively

date leakage via oviducts into abdomen. 

–  Continue 7–10 days postoperatively. 

4)  Prostaglandin F2α (PGF2α; Lutalyse) is med-

–  Ideally  after  collection  of  samples  for 

ical therapy of choice (Box 33.5). 

culture. 

–  Dose  0.1–0.25 mg/kg  subcutaneously, 

3)  Colloids may be administered to treat hypo-

diluted in equal volume saline, once daily 

tension and peripheral edema secondary to 

for 3–5 days using lowest effective dose

hypoproteinemia

● 

Alternatives. 

–  Indicated when total protein <4.0 g/dl. 

● 

2 mg/cat once daily for 5 days (not rec-

4)  Fresh frozen plasma (10 mL/g) is indicated to 

ommended  due  to  significant  side 

treat coagulopathy/prolonged clotting times. 

effects)

vii)  Surgery

1)  Ovariohysterectomy  treatment  of  choice 

when no need to preserve fertility. 

Box 33.5  Medications Reportedly Used for Medical 

2)  Ventral  abdominal  approach  with  careful 

Management, all Extra- Label Use

incision from xiphoid to pubis to minimize 

risk of laceration or uterine rupture. 

Prostaglandin F2α

–  Friable when distended, caution to avoid 

Cabergoline

spillage. 

Aglepristone
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xi)  10–15 μg/kg SC every 8 hours on day 

9)  Hospitalization  during  treatment  for 

1, 25 μg/kg SC every 8 hours on day 

monitoring

2,  and  50  μg/kg  every  8  hours  on 

a)  Resolution  of  vaginal  discharge,  and 

days 3–10. 

prior blood work abnormalities indicate 

xii)  Done  until  complete  uterine 

adequate response. 

evacuation. 

b)  No improvement or worsening of clini-

a)  Start  at  lower  dose  and  increase 

cal  signs  should  reconsider  surgical 

incrementally

management. 

i)  Side effects include abdominal pain, 

10)  Recheck 2 weeks post completion of ther-

vomiting, diarrhea, mydriasis, tach-

apy course, may require repeating. 

ycardia,  panting,  pacing,  ptyalism, 

11)  Prognosis

and vocalization. 

a)  95%  success  rate  reported  in  cases 

b)  Causes  myometrial  contractility  and 

of  open  pyometra  after  single- 

relaxation of cervix. 

therapy course. 

c)  Decreases  progesterone  levels  via 

b)  Recommend  breeding  on  subsequent 

luteolysis. 

cycle  to  reduce  recurrence  and  maxi-

d)  Not  to  be  attempted  in  clinically  ill, 

mize reproductive potential. 

may  require  >48 hours  for  clinical 

c)  Ovariohysterectomy 

recommended 

improvement. 

when no longer used for breeding. 

e)  Not approved for use in cats. 

b)  Uterine prolapse

i)  Informed consent for extra label use. 

i)  Rare postpartum complication. 

f)  Use only naturally occurring (dinoprost 

1)  Also, rare reported transvaginal evisceration. 

versus cloprostenol), as synthetics more 

ii)  Seen  during  or  immediately  following  queen-

potent and potentially lethal. 

ing up to 48 hours. 

i)  If  only  cloprostenol  available,  dose 

iii)  Risk factors

5 μg/kg SC every 24 hours for 3 days. 

1)  Excessive straining during or after queening. 

5)  Cabergoline (Box 33.5)

2)  Thought to occur due to decreased myome-

a)  Similar  doses  and  regimes  as  for  dogs 

trial tone. 

have been suggested. 

a)  Relaxation of pelvic or perineal region. 

b)  Dose: 25–50 μg/kg/day orally 3–5 days. 

b)  Relaxation of uterus. 

c)  Dopamine  agonist  decreases  luteo-

iv)  Physical exam findings

trophic action of prolactin. 

1)  Large mass protruding from vulva. 

6)  Aglepristone (Box 33.5)

2)  Nonspecific  signs  of  abdominal  pain  and 

a)  Dose:  15 mg/kg  subcutaneous  2  doses 

straining

24 hours apart

a)  May indicate partial prolapse into cra-

i)  Alternatively,  10 mg/kg  SC  every 

nial vagina. 

24 hours on days 1, 2, and 7 ± day 14 

b)  May indicate undelivered fetuses. 

if not fully resolved. 

3)  Variable  degrees  of  tissue  ulceration, 

b)  Progesterone receptor inhibitor not cur-

edema, or necrosis. 

rently available in USA. 

4)  Hemorrhagic  shock  if  uterine  or  ovarian 

i)  Can be obtained via FDA- approved 

vessel rupture. 

Personal Import Permit. 

a)  Common descriptions of elongation of 

c)  Avoid in hepatic or renal dysfunction. 

vasculature in aberrant locations. 

7)  Concurrent use of broad- spectrum antibiot-

v)  Treatment

ics recommended for 14 days, up to 4–6 weeks

1)  Lubricate  exposed  tissues  with  sterile 

a)  Amoxicillin–clavulanate:  13.75–27 mg/

lubricant. 

kg every 12 hours. 

2)  Stabilization

b)  Fluoroquinolone:  enrofloxacin  5 mg/kg 

a)  Fluids to correct shock. 

every  24 hours,  in  combination  with 

b)  Blood transfusion if indicated

another  antibiotic  such  as  ampicillin 

i)  Packed cells 10 ml/kg. 

22 mg/kg every 12 hours. 

ii)  Whole blood 20 ml/kg. 

8)  Multimodal  therapeutics  aims  to  reduce 

c)  Systemic antibiotic therapy. 

doses  and  negative  side  effects  associated 

3)  General anesthesia

with administration. 

a)  Gently clean tissue and determine viability
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i)  Lubricate  healthy  tissue  copiously 

a)  Ultrasound with color Doppler will aid 

with sterile lubricant. 

in determining fetal status or presence of 

ii)  Manual reduction protocol

free fluid. 

1)  Digital pressure to replace uterus. 

b)  Radiographs  may  reveal  fetal  death, 

2)  May  use  test  tube  to  assist 

intrauterine gas, and fluid- filled uterus. 

replacement. 

c)  Contrast- enhanced CT required to diag-

3)  Infusion  with  warmed  sterile 

nose in humans, may be required in vet-

saline attempting to induce nor-

erinary medicine. 

mal positioning. 

ii)  Etiology

4)  Episiotomy if necessary. 

1)  Unknown. 

5)  Oxytocin (0.5 U IM) after replace-

2)  Longitudinal axis torsion may involve one or 

ment to aid involution. 

both uterine horns or uterine body. 

iii)  Surgical reduction indicated if severe 

3)  Suggested  in  multiparous  queens  from 

hemorrhage, tissue damage, manual 

stretching of broad ligament, due to increased 

attempts  failed,  or  not  intended  for 

physical activity, uterine wall weakness, fetal 

breeding. 

movement, and rough handling. 

1)  Ventral midline incision caudally. 

iii)  Treatment

2)  Assistant  applied  external  pres-

1)  Immediate  intervention  with  fluid  therapy 

sure  while  intraabdominal  trac-

or  blood  transfusion  to  address  shock 

tion applied. 

and anemia. 

3)  Ovariohysterectomy. 

2)  Perioperative antimicrobial use. 

4)  Alternatively,  one  can  pexy  the 

3)  Exploratory surgery and ovariohysterectomy 

uterus to ventrolateral body wall 

without  untwisting  to  prevent  reperfu-

to prevent reoccurrence in valua-

sion injury. 

ble breeder. 

iv)  Prognosis

5)  Amputation of traumatized exter-

1)  Good for queen if addressed in timely manner. 

nal  tissue  prior  to  reduction  if 

2)  Fetal survival rarely reported. 

necessary. 

d)  Endometritis

a)  Urethral 

catheterization 

i)  Chronic fibrosis and lymphoplasmacytic infil-

recommended. 

tration of inner uterine lining not always spe-

b)  Identify  and  ligate  bleeding 

cifically associated with parturition. 

uterine vessels. 

ii)  Chronic  low- grade  infection  resulting  in 

c)  After  amputation,  remainder 

infertility. 

reduced  via  laparotomy 

iii)  Cases associated with chronic cervicitis

and OVH. 

1)  Suggested  trauma  by  males  or  chronic 

c)  Uterine torsion

infection. 

i)  Rare, often related to pregnancy and late gesta-

iv)  Treatment of choice is ovariohysterectomy. 

tion or pyometra. 

v)  Medical management can be attempted in non- 

1)  Difficult to diagnose presurgically (Box 33.6). 

septic, breeding animals

2)  Diagnostics

1)  Broad- spectrum antibiotics. 

2)  Uterine evacuation with prostaglandin. 

3)  Followed by cycle suppression. 

Box 33.6  Clinical Signs Associated with Uterine Torsion

4)  Steroid  course  during  cycle  suppression  in 

attempt  to  reduce  inflammation  prior  to 

None in 180° or less

next breeding attempt. 

Anorexia

e)  Metritis

Lethargy

i)  Bacterial infection of the postpartum uterus. 

Abdominal distention

ii)  Etiology

Abdominal pain

1)  Retention  of  fetus  or  placenta  (see 

Anemia

Figure 33.9). 

Shock

2)  Abortion. 

Dystocia with severe persistent straining

3)  Uterine trauma associated with dystocia and 

Emesis

or obstetric attempts. 

Hemorrhagic vaginal discharge

4)  Ascending infection. 

[image: Image 111]
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2)  Hematogenous. 

3)  Immunosuppressed

–  Feline leukemia. 

–  Feline immunodeficiency virus. 

–  Feline infectious peritonitis. 

iii)  Clinical signs

1)  Engorged red and hot gland(s). 

2)  Painful upon manipulation. 

3)  Febrile. 

4)  Anorexia. 

5)  Lethargy. 

6)  Poor mothering. 

–  Vocalization and failure to thrive of neo-

nates  often  prompt  owners  to  call  their 

veterinarian. 

Figure 33.9  Thickened uterine lining with fibrinous 

7)  Localized abscessation ± gangrenous necrosis. 

attachments demonstrated between the tissues grasped with 

the retained placenta in the right hand. 

8)  Septic shock. 

iv)  Diagnosis

1)  History and clinical signs. 

iii)  Diagnostics

2)  Blood work. 

1)  Complete blood count

3)  Milk evaluation

–  Leukocytosis with left shift. 

–  Grossly  may  appear  fibrinous,  purulent, 

–  Leukopenia. 

hemorrhagic, or gray in color. 

–  Thrombocytopenia. 

–  Cytologically large number of degenera-

2)  Serum biochemistry

tive  neutrophils,  and  white  blood  cells 

–  Elevated liver values. 

with intracellular bacteria. 

–  Hypoalbuminemia. 

–  Culture 

often 

reveals 

 E.  coli, 

3)  Coagulation panel to rule out disseminated 

 Staphylococcus, and  Streptococcus. 

intravascular coagulation (DIC). 

v)  Treatment

4)  Imaging

1)  Lipid- soluble antibiotics preferred

–  Evaluate  for  retained  fetuses,  placentas, 

–  During acute inflammation, most antibi-

or evidence of uterine enlargement. 

otics will have excellent penetration. 

–  Retained  placenta  has  not  been  defini-

–  Consider safety for neonates. 

tively reported as diagnosed via imaging, 

–  Amoxicillin–clavulanic acid, Cephalexin. 

and can be confused for normal involution. 

–  Clindamycin may cause gastroenteritis. 

iv)  Treatment

–  Enrofloxacin concern for cartilage defects 

1)  Sepsis

has not been demonstrated in cats. 

–  Intravenous fluid therapy. 

2)  Allow kittens to nurse unless gangrenous. 

–  Broad- spectrum antibiotic combinations

3)  Cover to prevent excoriation from kitten nails. 



●

Ampicillin and enrofloxacin. 

4)  Abscessed areas incised. 



●

Ampicillin and aminoglycoside only if 

5)  Gangrenous  tissue  debrided  ±  drain 

rehydrated to avoid nephrotoxicity. 

placement. 



●

Cefazolin, 

aminoglycoside, 

and 

6)  Open  wound  healing,  as  surgical  closure 

metronidazole. 

rarely effective. 

–  Supportive measures followed by ovario-

7)  Pain  management— opioids  preferred,  and 

hysterectomy  if  not  intended  for  repeat 

reversible in neonates as necessary. 

breeding. 

8)  Warm  compresses  frequently  followed  by 

G)  Lactational disorders

milk stripping. 

a)  Mastitis

9)  May require mastectomy, but controversial. 

i)  Rare but most often in actively nursing. 

b)  Eclampsia

ii)  Bacterial infection of mammary gland

i)  Acute life- threatening hypocalcemia in the per-

1)  Ascending from environment. 

iparturient period

[image: Image 112]
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1)  Most  often  in  peak  lactation  or  2–3  weeks 

4)  Cardiac monitoring for arrhythmias

postpartum. 

–  Discontinue and reinitiate slower rate if 

2)  As early as 17 days prior to parturition. 

bradycardia or ventricular arrhythmia. 

ii)  Risk factors

5)  Mannitol  if  indicated  for  cerebral  edema 

1)  Large litter size. 

secondary to seizure activity

2)  Poor nutrition. 

–  Continued monitoring

3)  Calcium supplementation in gestation. 

● 

Ionized calcium levels. 

iii)  Pathophysiology

● 

Temperature. 

1)  Depletion  of  ionized  calcium  in  cellular 

vi)  Prevention and further management

compartment. 

1)  Proper  perinatal  nutrition- balanced  com-

2)  Normal  pregnancy  increased  gastrointesti-

mercial kitten formula second- half gestation. 

nal absorption, reduced renal excretion, and 

2)  Avoid  calcium  supplementation  during 

increased  osteolysis  due  to  fetal  skeletal 

gestation. 

mineralization and lactation. 

3)  Supplemental  bottle  feeding  with  milk 

3)  Occurs  when  unable  to  maintain  homeo-

replacer. 

static mechanisms. 

4)  Early  introduction  to  softened  and  solid 

iv)  Diagnosis

foods at 3–4 weeks of age. 

1)  History and physical exam. 

5)  Calcium  carbonate:  50–100 mg/kg  divided 

2)  Associated with total calcium concentration 

into three doses daily through lactation

less than 8 mg/dl. 

–  Tums  regular  strength  contains  200 mg 

3)  Serum  ionized  calcium  concentrations  less 

calcium carbonate per tablet. 

than 1.0 mmol/l. 

c)  Fibroadenomatoid hyperplasia

v)  Treatment

i)  Benign generalized enlargement of one or more 

1)  Based  on  presence  and  severity  of  clinical 

mammary  glands  in  response  to  progesterone 

signs (Box 33.7). 

(see Figure 33.10). 

2)  Intravenous catheterization and fluid therapy. 

ii)  Endogenous  associated  with  pregnancy  or 

–  Ideally obtaining heparinized blood sam-

pseudopregnancy, or exogenous. 

ple first. 

iii)  Pathogenesis, not fully understood. 

3)  Dose:  calcium  gluconate  (10%)  2–5 ml 

iv)  Diagnosis  presumptive,  typically  non- painful, 

diluted 50% given to effect

normal physiologic exam

–  Alternative dose 0.5–1.5 ml/kg. 

1)  Progesterone level > 2.0 ng/ml. 

v)  Treatment

1)  Medical management aimed at eliminating 

Box 33.7  Clinical Signs Associated with Eclampsia

progesterone influence. 

Early clinical signs

2)  Lutalyse ± cabergoline at previously stated 

doses if endogenous production by ovaries. 

Facial pruritus

3)  Aglepristone— progesterone 

receptor 

Poor mothering

inhibitor. 

Ptyalism

Hypothermic initially followed by hyperthermia

Hyperexcitable

Clinical signs may become severe or fatal in a few 

short hours

Trembling

Muscle fasciculations

Mydriasis

Ataxia

Tetany

Opisthotonos

Flaccid paralysis

Clonic–tonic muscle spasms

Figure 33.10  Multiple enlarged mammary glands associated 

with Fibroadenomatoid hyperplasia. 
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4)  Surgery not recommended

3)  Urinalysis. 

–  Wound  care  and  pain  management  if 

4)  Serologic  testing  for  common  infectious 

trauma or necrosis. 

diseases. 

5)  Ovariohysterectomy  after  resolution  if 

iii)  Serum virus isolation. 

endogenous. 

iv)  Radiographs. 

6)  Remove from exogenous source exposure. 

v)  Ultrasound. 

H)  Abortion or premature labor

1)  Determine  fetal  viability,  stage  of  gestation, 

a)  Infectious

and feasibility for fetal survival to term in face 

i)  Bacterial

of  therapeutic  administration  and  potential 

1)  Normal flora. 

for future breeding. 

2)  Salmonella. 

vi)  Histopathology of abortus, placenta, or biopsy 

ii)  Viral

at cesarean. 

1)  Feline panleukopenia. 

e)  Treatment

2)  Feline leukemia. 

i)  Treat underlying cause if identified treatable. 

3)  Feline viral rhinotracheitis. 

ii)  Symptomatic supportive care based on clinical 

4)  Feline immunodeficiency virus. 

signs and lab work. 

iii)  Protozoal

iii)  Can  attempt  to  maintain  partial  pregnancy 

1)   Toxoplasma gondii. 

while managing losses. 

b)  Non- infectious

1)  Hypoluteoidism  or  luteal  insufficiency  not 

i)  Early embryonic death of undetermined cause. 

definitively diagnosed but suggested. 

ii)  Chromosomal abnormalities. 

2)  Supplementation with progestins. 

iii)  Placental thickness of unknown cause. 

3)  Natural recommended over synthetic due to 

iv)  Cystic endometrial hyperplasia. 

fetal side effects, masculinization, etc. 

v)  Nutritional

4)  Tocolytics  (terbutaline),  calcium  channel 

1)  Taurine deficiency. 

blockers (nifedipine), or phosphodiesterase 

2)  Vitamin A deficiency. 

inhibitors  (sildenafil)  not  studied  or  well 

vi)  Fetotoxic drugs

documented in veterinary medicine. 

1)  Modified- live vaccines (panleukopenia). 

iv)  Uterine evacuation

2)  Antibiotics 

including 

trimethoprim– 

1)  Prostaglandin, 

sulfonamides, quinolones, tetracyclines and 

2)  Dopamine agonist, 

gentamicin, chloramphenicol. 

3)  Oxytocin, 

3)  Antifungal griseofulvin. 

v)  Monitoring  for  complications  of  pyometra, 

4)  Anti- inflammatories. 

renal disease, and DIC. 

5)  Anesthetics. 

f)  Prognosis

6)  Steroids— prostaglandins,  testosterone  or 

i)  Dependent on underlying cause. 

estrogen analogs, corticosteroids. 

ii)  Infectious may put breeding cattery population 

7)  Misoprostol. 

at risk. 

c)  Clinical signs

I)  Rare but reported cases

i)  Vulvar discharge. 

a)  Ectopic pregnancy

1)  Purulent. 

i)  Primary— fetal  development  within  abdomi-

2)  Hemorrhagic

nal cavity. 

ii)  Clinically healthy. 

ii)  Secondary— results  from  uterine  rupture  (see 

iii)  Systemically ill. 

Figure 33.4). 

iv)  Failure  to  deliver  kittens  after  positive  preg-

iii)  Signs include abdominal mass, incidental find-

nancy diagnosis. 

ing, or vague signs of illness. 

d)  Diagnosis

iv)  Diagnosis via ultrasound. 

i)  Bacterial  culture  of  vulvar  discharge,  passed 

v)  Surgical removal of fetus ± ovariohysterectomy. 

fetal tissues, and fetal stomach contents. 

b)  Peritoneopericardial diaphragmatic hernia

ii)  Baseline lab work

i)  One of the most common diagnosed congenital 

1)  Complete blood count. 

defects after 2 years of age. 

2)  Serum biochemistry profile. 

ii)  Breed predisposition. 
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iii)  Clinical signs

v)  Treatment

1)  None with one case report of normal mul-

1)  Surgical repair and ovariohysterectomy. 

tiparous  queening  prior  to  diagnosis 

c)  Immune- mediated hemolytic anemia. 

and repair. 

i)  Case report. 

2)  Muffled heart sounds. 

ii)  Clinical signs

3)  Respiratory distress. 

1)  Hemorrhagic vaginal discharge. 

4)  Gastrointestinal  signs  including  anorexia, 

iii)  Diagnosis

regurgitation, and vomiting. 

1)  Complete blood count. 

iv)  Diagnosis

2)  Saline agglutination. 

1)  Radiographs. 

iv)  Treatment

2)  Ultrasound/echocardiography. 

1)  Ovariohysterectomy. 
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UNIQUE FEATURES



● Hematocrit (Hct) decreases from 47.5% at birth to 27% at 4–6 weeks of age, and then slowly normalizes. 



● Albumin is also lower in pediatric felines; expect a lower total solids (TS) in this age group. 



● There is a decreased capacity to concentrate or dilute urine resulting in isosthenuria. 



● Meticulous monitoring for both underhydration and overhydration is essential via accurate pediatric gram scales, frequent checks of weight, Hct/TS, urine specific gravity (SG), and respiratory rate. 

A) Overview

C)  History

a)  There is a higher mortality rate in critically ill chil-

a)  Should have a strong suckling reflex at birth. 

dren  presented  to  ERs  that  were  not  prepared  to 

b)  Should nurse and sleep constantly first 2–3 weeks. 

treat  pediatric  emergencies.  There  are  significant 

c)  Constant  crying  may  signal  insufficient  milk 

differences  in  biochemical,  hematological,  radio-

ingestion. 

graphic,  pharmacologic,  and  monitoring  parame-

D) Physical examination and normal parameters

ters  in  feline  neonates  compared  to  their  adult 

a)  Normal body temperature in kittens is 98 °F at birth. 

counterparts. This chapter will discuss these differ-

b)  Increases to 100 °F by the end of the first week. 

ences  and  stress  the  importance  of  knowing  the 

c)  Pain sensation present at birth, analgesia essential 

variations from normal. In addition, hemodynamic 

for all procedures that are anticipated to be painful. 

parameters,  drug  dosages,  laboratory  data,  and 

d)  Kittens  have  less  muscle  tone  than  puppies,  so 

diagnostic imaging differ considerably in feline neo-

weakness  should  be  assessed  in  comparison  to 

natal and pediatric patients. Interpretation of cer-

other normal kittens. 

tain  parameters  can  be  quite  challenging,  and 

e)  Heart  rate  (200–220 bpm)  and  respiratory  rate 

familiarity with normal values will assist in accu-

(15–35 bpm) are higher in neonates than adults. 

rate assessment. 

f)  Eyes open by day 12–14, and vision normalizes by 

b)  For the purposes of this chapter, the term  neonate 

the end of the first month. 

encompasses birth to 2 weeks of age, and the term 

g)  Menace reflex not present until 2–3 months of age. 

 pediatric encompasses 2 weeks to 6 months of age. 

h)  Physical examination should include

B)  Initial examination

i)  Oral examination to check for a cleft palate. 

a)  Environment

ii)  Abdominal  palpation  to  check  for  an  umbili-

i)  Keep stress low and the environment warm. 

cal hernia. 

ii)  Warmed towels on cold steel table. 

iii)  Skull palpation to check for an open fontanel. 

iii)  Essential  equipment— pediatric  and  neonatal 

iv)  Verification of the presence of patent urogeni-

stethoscopes and appropriate- sized blood pres-

tal openings. 

sure  cuffs,  accurate  gram  scale,  digital  ther-

v)  Umbilical cord area should be free of redness, 

mometer, etc. 

swelling, and discharge. 
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E)  Nutrition

iii)  Serum blood urea nitrogen (BUN), creatinine, 

a)  Weight gain should be progressive; kittens should 

albumin,  cholesterol,  and  total  protein  are 

gain approximately 10 g per day and should double 

lower in neonates than adults. 

their birth weight in the first 10 days of life. 

iv)  Lower  creatinine  due  to  decreased  mus-

b)  If amount of ingestion is questionable, the kittens 

cle mass. 

should be weighed on a gram scale before and after 

v)  Lower BUN and cholesterol due to immature 

feeding. 

liver function. 

c)  Options  for  supplemental  feedings  include  surro-

vi)  Knowledge of these values is critical to prevent 

gate dam, bottle feeding, and tube feeding. 

a misdiagnosis of liver disease in the neonate 

d)  Tube feeding is done using a 5- Fr red rubber cathe-

(elevated liver enzymes and low levels of BUN, 

ter  for  neonates  under  300 g  and  should  only  be 

cholesterol,  and  albumin  can  mimic  liver 

done by experienced personnel. The gag reflex may 

dysfunction). 

not develop until after the first week of life, so it is 

vii)  Elevations in calcium and phosphorous due to 

essential that experienced personnel perform tube 

bone growth. 

feeding to avoid aspiration. 

d)  Renal changes

e)  Address nutritional issues early and consider use 

i)  Urine is isosthenuric in neonates, as the capac-

of  probiotics  for  kittens.  Studies  have  shown 

ity to concentrate and dilute urine is limited in 

some  benefit  of  probiotic  supplementation  for 

this age group. 

diarrhea in kittens and upper respiratory condi-

ii)  Key point in fluid resuscitation— overhydration 

tions in cats. 

is just as much a concern as underhydration. 

f)  A study showed that several dog milk replacer prod-

G) Radiographic imaging

ucts  had  numerous  essential  nutrients  outside  of 

a)  In  this  section,  the  differences  in  neonatal  radio-

the  appropriate  range  and  some  nutrients  were 

graphic imaging are highlighted. In order to maxi-

lower  than  Nutritional  Research  Council  (NRC) 

mize  radiographic  diagnosis,  consider  decreasing 

minimal requirements. It is likely to be similar in 

the kilovoltage peak (KVP) below the adult range. 

kittens,  and  surrogate  dams  are  ideal  if  at  all 

b)  The thymus is in cranial thorax on the left side and 

possible. 

can  mimic  a  mediastinal  mass  or  lung 

F)  Laboratory values

consolidation. 

a)  This section will discuss the variations in the labo-

c)  The heart takes up more space in the thorax than in 

ratory values that may be encountered in the feline 

adults, and it can falsely appear enlarged. 

neonatal  or  pediatric  patient.  It  is  essential  to  be 

d)  The lung parenchyma has increased water content 

familiar  with  these  parameters  to  avoid 

and is therefore more opaque in neonates. 

misdiagnoses. 

e)  Absence  of  costochondral  mineralization  makes 

b)  Hematology and coagulation changes

liver appear falsely enlarged. 

i)  Hct  decreases  from  47.5%  at  birth  to  27%  at 

f)  Loss  of  abdominal  detail  due  to  lack  of  fat  and  a 

4–6 weeks of age, and then begins to increase to 

small  amount  of  abdominal  effusion  can  mimic 

adult values. 

peritonitis. 

ii)  During this time period, a rise in the Hct may 

H) Pharmacology

indicate significant dehydration. 

a)  Some of the significant differences in the pharma-

iii)  Clotting factors and antithrombin are decreased 

cology of various drugs are highlighted here. It is 

at birth and increase to normal values by the 

imperative that the practitioner with a feline pediat-

end of the first week. 

ric patient base becomes familiar with these differ-

1)  Prothrombin time is increased and normal-

ences in order to avoid toxicity. 

izes by 7 days. Partial thromboplastin time is 

b)  General differences in feline neonatal and pediatric 

also  increased,  but  may  not  normalize 

patients

by day 7. 

i)  Cats  have  a  longer  intestinal  transit  time,  a 

c)  Biochemical changes

shorter intestinal tract, and increased intestinal 

i)  Elevation 

in 

alkaline 

phosphatase 

permeability to drugs compared with dogs. 

(ALP  123 IU/l,  normal  adult  range  9–42)  is 

ii)  Dog dosages cannot be extrapolated directly to 

three times adult values at birth and decreases 

cats for most drugs. 

to adult ranges in the first weeks of life. 

iii)  Differences in body fat, total protein and albu-

ii)  Bile acids are normal in kittens at 2 weeks of age. 

min,  and  immature  renal  and  hepatic 
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mechanisms contribute to differences in drug 

ix)  Metronidazole  preferred  for  giardiasis  and 

metabolism compared with adult cats. 

anaerobes; decrease dose or increase interval in 

iv)  Decreased  body  fat  may  cause  increased 

neonates. 

potency of certain drugs (e.g., thiopental). 

x)  Beta- lactam  antibiotics  are  made  safe  in  neo-

v)  Decreased total protein and albumin may cause 

nates by decreasing dose or increasing interval 

increased  potency  in  drugs  that  are  highly 

(from q8h to q12h). 

protein- bound. 

xi)  Avoid drugs that depress respiration and heart 

vi)  Renal excretion of many drugs (e.g., diazepam, 

rate  (neonates  are  very  dependent  on  high 

digoxin, etc.) is diminished, increasing the half- 

heart rate to increase cardiac output). 

life in circulation. 

xii)  For drugs with decreased clearance or increased 

vii)  Drugs requiring activation via hepatic metabo-

response, reduce dose. 

lism have lower plasma concentrations, while 

xiii)  Thiopental can cause an increased response in 

drugs requiring metabolism for excretion have 

neonates due to the lower percentage of body 

higher plasma concentrations. 

fat  and  decreased  hepatic  clearance.  Titrate 

viii)  Cardiovascular drugs (e.g., epinephrine, dopa-

to effect. 

mine, dobutamine, etc.) are difficult to dose in 

xiv)  For  inotropes  and  vasopressors,  titrate  drug 

neonates due to individual variations in matu-

dosages to individual kitten. 

rity of the autonomic nervous system. 

xv)  Opioids good for analgesia due to reversibility, 

ix)  Response to treatment and continuous moni-

but kittens more susceptible to excitement and 

toring  of  hemodynamic  variables  are 

dysphoria— use  lower  dosage  and  monitor 

essential. 

heart rate and respiratory rate very closely. 

x)  The  blood–brain  barrier  is  more  permeable 

I)  Catheter placement

in  neonates,  allows  drugs  that  do  not  nor-

a)  Intravenous (IV) route is preferred. 

mally  cross  over  to  enter  the  central  nerv-

b)  Neonates often require very small- gauge catheters 

ous system. 

(i.e.,  24  ga),  which  can  burr  easily  when  being 

c)  Routes of delivery

driven through skin. 

i)  Oral drug absorption is higher in first 72 hours 

i)  Small skin puncture with 20- ga needle can be 

(increased  permeability  of  gastrointestinal 

made while the skin is kept elevated and then 

tract (GI)). 

the catheter can be fed through skin hole. 

ii)  Intestinal flora is very sensitive to disruption by 

c)  If attempts at IV catheter placement fail, an intraos-

oral antimicrobials. 

seous catheter (IO) should be placed. 

iii)  Intravenous routes most predictable, preferred 

i)  An IO catheter can be inserted in the proximal 

over intramuscular or subcutaneous routes. 

femur or humerus using an 18–22- gauge spi-

d)  Specific recommendations

nal  needle  or  an  18–25- gauge  hypoder-

i)  Aminoglycosides  cause  histologic  damage  to 

mic needle. 

kidneys in neonates— avoid. 

ii)  Can  be  used  for  fluid  and  blood 

ii)  Chloramphenicol  causes  changes  in  hemat-

administration. 

opoietic  parameters  and  collapse  in 

iii)  Area must be prepared in a sterile manner, nee-

neonates— avoid. 

dle inserted into bone parallel to the long axis 

iii)  Potassium  bromide  can  cause  bronchitis  in 

of the bone. 

cats— avoid. 

iv)  Gently  aspirate  to  assure  patency  and  secure 

iv)  Tetracyclines cause skeletal growth abnormali-

with sterile bandage. 

ties and staining of teeth— avoid. 

v)  Ideal  for  neonates  because  they  have  a  large 

v)  Lidocaine: cats are very susceptible to toxicity 

portion of “red” marrow compared with adults 

and neonates have a decreased response— avoid. 

who  have  more  “yellow”  marrow  consist-

vi)  Oral  diazepam  can  cause  hepatic  failure  in 

ing of fat. 

cats— avoid. 

vi)  Intravenous access must be established as soon 

vii)  Fluoroquinolones can cause blindness in cats 

as possible, ideally within 2 hours, and the IO 

and  destructive  lesions  of  cartilage  in  long 

catheter should be removed to minimize intra-

bones— caution. 

osseous infection. 

viii)  Sulfonamides 

can 

suppress 

bone 

vii)  Intraosseous  catheter  complications  correlate 

marrow— caution. 

with duration of use. 
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J)  Fluid requirements

(many drugs will not be active until rewarming) and 

a)  Neonates  have  higher  fluid  requirements  than 

feeding (to prevent hypothermia- induced ileus). 

adults  due  to  a  higher  percentage  of  total  body 

d)  The kitten should be placed in a neonatal incubator 

water, a greater surface area to body weight ratio, a 

set  at  85–90 °F  and  approximately  60%  humidity, 

higher metabolic rate, decreased renal concentrat-

and all IV fluids should be warmed with an in- line 

ing ability, and decreased body fat. This section dis-

warmer.  Heat  lamps  and  heating  pads  are  best 

cusses  the  fluid  requirements  and  monitoring  of 

avoided, as they can lead to burns and overheating 

fluid therapy in feline pediatric patients. 

easily in the neonate with limited ability to move 

b)  Assessing requirements

away from the heat source. 

i)  Dehydration  and  overhydration  are  concerns; 

L)  Hypoglycemia

kidneys  cannot  concentrate  or  dilute  urine 

a)  Hypoglycemia  is  very  common  in  the  pediatric 

adequately. 

patient,  and  the  etiology  and  treatment  are  dis-

ii)  Monitor  for  underhydration  or  overhydration 

cussed in this section. 

via accurate pediatric gram scale, weigh patient 

b)  Clinical  signs  of  hypoglycemia  are  challenging  to 

3–4 times per day. 

recognize due to inefficient counterregulatory hor-

iii)  Baseline weight, Hct/TS (Hct decreases in first 

mone release during hypoglycemia in neonates. 

4–6 weeks of life and TS are lower than adult 

c)  In  adults,  counterregulatory  hormones  are 

levels in normal neonate), urine specific grav-

released  in  response  to  low  blood  glucose  and 

ity, and thoracic are radiographs helpful. 

facilitate euglycemia by increasing gluconeogen-

iv)  Fluid overload diagnosis difficult (heart takes 

esis  and  antagonizing  insulin.  These  hormones 

up more of thoracic cavity and normal neonate 

are responsible for the majority of clinical signs of 

lungs  have  more  interstitial  fluid)  without 

hypoglycemia. 

baseline thoracic radiographs. 

d)  Neonates  have  immature  glucose  feedback  mecha-

c)  Specific recommendations

nisms, inefficient hepatic gluconeogenesis, decreased 

i)  A fluid bolus of 10–15 ml/kg of warm isotonic 

liver glycogen stores, and loss of glucose in urine. 

crystalloids in moderately dehydrated neonates 

e)  Urinary  glucose  reabsorption  does  not  normalize 

is recommended. 

until approximately 3 weeks. 

ii)  Rapid reassessment of perfusion via mentation, 

f)  Brain requires glucose for energy in neonate, brain 

urine output, pulse quality, and possibly lactate 

damage can occur with prolonged hypoglycemia. 

levels should be done after each bolus. Lactate 

g)  Neonatal  myocardium  uses  carbohydrate  (glu-

levels are higher in neonatal dogs, but normal 

cose) for energy rather than long- chain fatty acids 

values have not been reported in kittens. 

used by adult. 

iii)  Repeat  bolus  if  perfusion  remains 

h)  In  summary,  the  healthy  neonate  has  increased 

compromised. 

demand for, increased loss of, and decreased ability 

iv)  Follow with constant rate infusion of 50–70 ml/

to synthesize glucose compared with adults. 

kg/day of warm crystalloids. 

i)  Vomiting, diarrhea, infection, and decreased intake 

v)  A fluid warmer placed in line is a good option 

contribute to hypoglycemia. 

to keep fluids warmed. 

j)  Clinical  signs  of  hypoglycemia,  if  present,  may 

vi)  Lactated Ringer’s solution is ideal (lactate is the 

include lethargy and anorexia. 

preferred  metabolic  fuel  in  neonate  during 

k)  Treatment for hypoglycemia

times of hypoglycemia). 

i)  Infusions  of  1 ml/kg  of  12.5%  dextrose  (i.e., 

K)  Hypothermia

dilute 50% dextrose 1:4) followed by a CRI of 

a)  Hypothermia, defined as a temperature below 95 °F, 

isotonic  fluids  supplemented  with  1.25–5.0% 

is common in the neonatal patient. Depending on 

dextrose for hypoglycemia. 

the  degree  of  temperature  decrease,  hypothermia 

ii)  Always follow dextrose bolus with a CRI that is 

can  cause  hypoventilation,  bradycardia,  gastroin-

supplemented with dextrose or there is a risk of 

testinal ileus, and mentation changes. 

rebound hypoglycemia. 

b)  The shivering reflex is not present at birth and may 

iii)  Refractory hypoglycemia may only respond to 

take up to a full week to develop, so frequent tem-

hourly boluses of dextrose in addition to a CRI 

perature checks are essential. 

of crystalloid with supplemental dextrose. 

c)  Rewarming  should  proceed  slowly  and  should 

iv)  Consider  carnitine  supplementation  in  these 

always be completed prior to drug administration 

cases 

(in 

some 

studies, 

carnitine 
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supplementation  improved  hypoglycemia). 

iv)  Viral causes

Carnitine  can  be  supplemented  at  200 mg/kg 

1)  Viral  causes  of  diarrhea  in  kittens  usually 

PO q24h. 

from feline panleukopenia. 

M) Hypovolemia and dehydration

2)  Feline  panleukopenia  can  cause  vomiting, 

a)  Depletion of body fluids via dehydration alone or 

fever, and diarrhea. 

dehydration  accompanied  by  hypovolemia  is  very 

3)  Similar  to  canine  parvovirus,  the  agent  of 

common  in  the  sick  kitten. The  following  section 

canine parvovirus has been shown to cause 

discusses the most common causes and appropriate 

diarrhea in kittens. 

treatment of these conditions. 

4)  Treatment is supportive and includes warm 

b)  Causes of hypovolemia/dehydration

IV  fluids  if  dehydration  is  present,  nutri-

i)  Diarrhea,  vomiting,  and  decreased  intake  are 

tional support, antibiotics if infection is sus-

the most common causes. 

pected, and antiemetics if indicated. 

ii)  Diarrhea  is  most  commonly  due  to  parasites, 

5)  Probiotics have been shown to improve diar-

viruses, and dietary issues. 

rhea in kittens and should be considered. 

iii)  Parasites

v)  Dietary

1)  Common parasites in kittens include round-

1)  One of the most common dietary causes of 

worms, hookworms, and a protozoal para-

diarrhea  in  kittens  is  owner  overfeeding 

site,  Tritrichomonas  fetus  (often  seen  in 

with kitten milk replacer. 

co- infections with  Giardia species). 

2)  Owners  should  be  instructed  on  how  to 

2)  GI  parasites  can  be  a  complicating  factor 

properly feed kittens. A 3–5 French red rub-

and  secondary  to  a  primary  disease  or 

ber  feeding  tube  should  be  used  and  the 

immunodeficiency. 

placement checked via injection of a small 

3)  Roundworms  can  be  transmitted  via 

amount of saline (coughing suggests tube is 

milk  and  can  cause  diarrhea,  poor  hair 

in  trachea).  Due  to  the  absence  of  a  gag 

coat,  abdominal  effusion,  and  failure 

reflex for up to 10 days after birth, improper 

to thrive. 

placement of the feeding tube in the trachea 

–  Diagnosis made with fecal float. 

is a frequent complication. 

–  Treatment with pyrantel (20 mg/kg orally 

c)  Recognition  and  monitoring  of  hypovolemia/

once  and  then  repeated  in  3  weeks)  or 

dehydration

fenbendazole  (50 mg/kg  q24h  orally  for 

i)  Hypovolemia results in decreased perfusion and 

3 days) is safe and effective in kittens that 

subsequent decreases in oxygen delivery to tissues. 

are at least 2 weeks of age. 

ii)  In adults, hypovolemia is compensated for by 

4)  Hookworms can cross via placenta and in 

increasing  heart  rate  (HR),  concentrating 

milk and cause fatal anemia at 2–3 weeks 

urine, and decreasing urine output. 

of age— before patent infection; do not rely 

iii)  In  neonates,  compensatory  mechanisms  may 

on  fecal.  Clinical  signs  include  lethargy, 

not be existent. 

anemia,  and  melena.  Hookworms  are 

iv)  Autonomic nervous system

treated  with  the  same  drugs  as 

1)  Fetal and neonate myocardium has less con-

roundworms. 

tractile  elements  (30%  versus  60%  in 

5)   Tritrichomonas fetus causes large intestinal 

adult)—  difficult  to  increase  cardiac  con-

diarrhea  which  may  be  accompanied  by 

tractility in response to hypovolemia. 

hematochezia.  Diagnosis  is  difficult,  but 

2)  Immature sympathetic nerve fibers in myo-

may be improved if multiple direct smears 

cardium prevent maximal increases in heart 

of fresh feces are made. 

rate in response to hypovolemia. 

–  There is no treatment for Trichomoniasis 

3)  Complete maturation of the autonomic nerv-

in  cats,  but  the  diarrhea  is  usually  self- 

ous system occurs at approximately 8 weeks. 

limiting and clears within 9 months. 

v)  Blood pressure and central venous pressure

–  Diagnostic  yield  improved  with  fresh 

1)  Mean arterial pressure lower in normal neo-

fecal  specimen  and  a  zinc  sulfate  float 

nates, normalizing by 9 months of age. 

with centrifugation. 

2)  Muscular component of arterial wall imma-

6)  For  Giardia spp. and  Cryptosporidium spp., 

ture at birth, thought to be the cause of the 

immunoassays may be needed. 

low mean arterial pressure (MAP). 
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3)  Central venous pressure higher in neonates. 

v)  Treatment  should  be  initiated  immediately 

4)  In  adult  kidneys,  blood  pressure  (BP)  is 

with  fluid  therapy,  monitoring  of  electrolyte 

autoregulated  over  wide  range  of  systemic 

and  glucose  status,  temperature  regulation, 

arterial pressures. No autoregulation in neo-

and nutritional support. 

nate  kidneys,  so  glomerular  filtration  rate 

vi)  Start with a bolus of 25 ml/kg of warm isotonic 

(GFR) decreases as systemic blood pressure 

fluids  in  severely  dehydrated  or  hypovolemic 

decreases. 

kittens. 

vi)  Renal regulation

vii)  Follow  with  a  CRI  of  maintenance  fluids 

1)  Immature  kidneys  not  capable  of  concen-

(50–70 ml/kg/day) together with losses. 

trating urine in response to hypovolemia. 

viii)  Estimate losses (i.e., 2 tablespoons of diarrhea 

2)  Adequate  concentration  and  dilution  of 

is equal to 30 ml of fluid). 

urine  not  seen  until  approximately 

ix)  If hypoglycemic or not able to eat, add dextrose 

10 weeks of age. 

to IV fluids at lowest amount that will maintain 

3)  Causes  include  inefficient  countercur-

normoglycemia (i.e., start with 1.25% dextrose). 

rent mechanisms, decreased sodium resorp-

x)  Monitor  perfusion  parameters  (mentation, 

tion in the thick ascending loop of Henle, 

urine output/specific gravity, etc.). Lactate and 

short  loops  of  Henle,  and  decreased  urea 

Hct should not be increasing. 

concentration. 

N) Viral infections

d)  Clinical and laboratory parameters of hypovolemia/

a)  Upper respiratory infections

dehydration

i)  Feline  herpesvirus  type  I  and  calicivirus  are 

i)  Skin turgor cannot be used to assess dehydra-

most common causes of viral upper respiratory 

tion due to increased fat and decreased water 

infection (URI) in kittens. 

content compared with adults. 

ii)  These are most common at 3–4 weeks of age, 

ii)  Mucous membranes cannot be used to assess 

but can occur earlier. 

dehydration, as they remain moist in the face of 

iii)  Clinical signs range from mild (nasal discharge, 

severe  dehydration  in  neonates  and  may  be 

ocular discharge, etc.) to severe (dyspnea, ano-

hyperemic  during  the  first  week  of  life. 

rexia, dehydration, etc.). 

However, pale or cyanotic mucous membranes 

iv)  Treatment  is  symptomatic  and  may  include 

are indicative of an abnormality. 

oxygen therapy (no higher than FiO2 of 40%), 

iii)  A  heart  murmur  may  be  indicative  of  sepsis, 

restoration of fluid volume, gentle cleaning of 

anemia,  fever,  a  congenital  cardiac  defect,  or 

nasal  secretions,  vaporizer  or  nebulizer  treat-

may  be  an  innocent  murmur.  Innocent  mur-

ments, antibiotics for secondary bacterial infec-

murs may be present during the first 3 months 

tions, nutritional support, and antiviral therapy. 

of life. 

v)  Probiotics  were  beneficial  in  adult  cats  with 

iv)  BUN  and  creatinine  lower  in  neonates— 

upper respiratory infections in one study. 

monitoring of azotemia very challenging. 

b)  Other viral infections

e)  Specific recommendations

i)  Feline leukemia virus— can be transmitted by 

i)  Dehydration can progress rapidly due to higher 

dam or in contact cats. Can cause thymic atro-

neonatal  fluid  requirements  and  increased 

phy and slow wasting of kittens. Treatment is 

losses  (decreased  renal  concentrating  ability, 

supportive  and  includes  IV  fluid  therapy  for 

higher  respiratory  rate,  and  higher  meta-

dehydration, antibiotics for secondary bacterial 

bolic rate). 

infections, and nutritional support if indicated. 

ii)  Weigh at least every 12 hours, preferably every 

ii)  Coronavirus can cause diarrhea and feline infec-

8 hours. 

tious  peritonitis  (FIP).  Treatment  is  supportive 

iii)  Monitor urine specific gravity. Dehydration is 

and includes broad- spectrum anthelminth treat-

likely when urine specific gravity reaches 1.020; 

ment (e.g., praziquantel/pyrantel pamoate), since 

monitor as an indicator of rehydration. 

secondary  parasitic  infections  are  commonly  a 

iv)  It  should  be  assumed  (due  to  difficulties  in 

source of increased morbidity in these cases. 

assessment in neonates) that all neonates with 

O) Neonatal alloimmune hemolytic anemia

severe  diarrhea,  inadequate  intake,  or  severe 

a)  Three feline blood types: A, B, and AB. 

vomiting  are  dehydrated  and  potentially 

b)  Type A most common in USA (approximately 99% 

hypovolemic. 

of cats in USA). 
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c)  Type  B  not  common  (higher  percentage  in 

autonomic  nervous  system  (inconsistent  cardiac 

Abyssinian, Birman, Persian, Somali, Scottish Fold, 

response to hypovolemia), lower MAP, higher cen-

Exotic  and  British  Shorthair,  and  Cornish  and 

tral venous pressure (CVP) in normal neonate, and 

Devon Rex). 

lack of urinary concentration. 

d)  Type AB very rare. 

c)  Clinical  signs  may  include  crying,  reluctance  to 

e)  Cats  have  naturally  occurring  antibodies  against 

nurse, decreased urine output, and cold extremities. 

other blood types at birth. 

d)  Treatment of sepsis

i)  Type B cats have very strong antibodies against 

i)  Aggressive  fluid  resuscitation  associated  with 

type A antigen. 

decreased mortality in children with sepsis and 

ii)  Transfusion  of  type  A  blood  into  type  B  cat 

in several animal models of sepsis. 

causes  rapid,  often  fatal,  severe  hemolytic 

ii)  Large volumes of fluid often needed in septic 

reaction. 

patients due to increased capillary permeability 

iii)  All cats must be typed before transfusing. 

(increased losses) and vasodilation. 

f)  Essentially no transfer of antibodies from queen to 

iii)  Start  with  a  bolus  of  25 ml/kg  of  warm  iso-

fetus via placenta. 

tonic fluids. 

g)  Passive  transfer  of  antibodies  occurs  in  first 

iv)  Consider a CRI of fresh or fresh frozen plasma 

12–24 hours of life through ingestion of colostrum. 

(5–10 ml/kg  at  1–3 ml/kg/h)  from  a  well- 

h)  If type B queen mates with a type A tom, the kittens 

vaccinated  adult  cat  to  attempt  to  augment 

can be born with type A blood. 

immunity  and  augment  colloid  oncotic 

i)  When type A kitten ingests colostrum from type B 

pressure. 

queen, it ingests anti- A antibodies— destruction of 

v)  Or  consider  giving  serum  from  a  vaccinated 

red blood cells of kitten. 

adult  subcutaneously  at  5 ml  q12h  for  three 

j)  Clinical  signs  include  pale  mucous  membranes, 

dosages. 

weak pulses, lethargy, red or brown urine, icterus, 

vi)  Submit  culture  and  susceptibility  of  area  of 

and death. Occasionally sloughing of ear tips, tail 

concern before beginning antibiotics. 

tip, and toenails can occur. 

vii)  Broad- spectrum antibiotics may be required if 

k)  Diagnosis via blood type of queen and kittens. 

the source of infection cannot be identified. 

l)  If  queen  is  type  B,  all  type  A  kittens  should  be 

viii)  First- generation cephalosporins are a good choice 

removed immediately and fed with milk replacer. 

in  the  neonate  and  provide  coverage  for  gram- 

m) If clinical signs warrant, a blood transfusion of type 

positive and some gram- negative organisms. 

A blood can be given via the intravenous or intraos-

ix)  Oxygen therapy should be kept at or below an 

seous route. 

FiO2 of 0.4 to avoid oxygen toxicity. 

n)  Serum from a healthy, well- vaccinated, type A adult 

1)  Excess oxygen supplementation in neonates 

cat can be given to type A kittens that are prevented 

can  cause  retrolental  fibroplasia  and 

from ingesting colostrum. 

blindness. 

i)  The serum can be given orally (within the first 

x)  Avoid hypothermia, provide safe heat source (i.e., 

24 hours of life) or subcutaneously. Dosages of 

warm water blanket, Bair Hugger, etc.). 

5 ml/kitten given in three increments (at birth, 

xi)  Consider  nutritional  supplementation  early  if 

12 hours,  and  24 hours)  have  been  shown  to 

not eating. 

augment IgG levels in kittens. 

xii)  Consider  vasopressor  and/or  inotropic  support  if 

P)  Sepsis

hypoperfusion is refractory to IV fluid loading (i.e., 

a)  Neonatal sepsis is most often secondary to wounds, 

cold extremities, high lactate levels, low urine out-

such as umbilical cord ligation and respiratory, uri-

put, etc.). 

nary, and GI infections. Commonly isolated bacterial 

xiii)  Due to variations in the maturity of the autonomic 

organisms  include   Escherichia  coli,  Klebsiella  spp., nervous system, all inotropic drugs need to be indi-Enterococcus spp.,  Enterobacter spp.,  Campylobacter vidually tailored to each kitten. 

spp.,  Streptococcus  spp.,  Staphylococcus  spp., 

e)  Monitoring the septic kitten

 Bartonella henselae, and Mycoplasmas. This section 

i)  Monitor serial checks of perfusion via mucous 

will highlight the difficulty of diagnosing, monitor-

membrane  color  (should  be  less  pale),  pulse 

ing, and treating sepsis in kittens. 

quality  (should  get  stronger),  extremity  tem-

b)  Clinical and laboratory values often subtle, and sep-

perature (should go up), lactate levels (should 

sis  can  be  difficult  to  detect  due  to  immature 

go down), and mentation. 
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ii)  Frequent electrolyte and blood glucose checks 

k)  The two most important interventions for respira-

every 4–6 hours are essential with supplemen-

tory  distress  at  birth  are  oxygenation  and  lung 

tation as needed. 

expansion. These will maximize the release of pros-

iii)  Acceptable  end  points  of  perfusion  include 

tacyclin and nitric oxide and surfactant release. 

increases  in  extremity  temperature,  decreases 

l)  Oxygen  should  be  supplied  via  face  mask  or 

in  lactate  levels,  increased  urine  production, 

endotracheal  tube,  as  adequate  lung  expansion  is 

and improved mentation. 

crucial for pulmonary blood flow. 

iv)  An  index  of  suspicion  for  sepsis  should  be 

m) A tight- fitting face mask is often easier than intuba-

maintained  for  all  neonates  with  risk  factors, 

tion of a newborn and can be lifesaving. 

and  aggressive  treatment  should  be  instituted 

n)  Overexpansion can cause damage, so it is essential 

rapidly.  In  people,  the  incidence  of  pediatric 

to use the minimal amount of pressure not to exceed 

sepsis  is  highest  in  premature  newborns. 

15–20 mmHg for ventilation. 

Respiratory infections (37%) and primary bacte-

i)  We use an Ambu bag designed for pediatric use 

remia (25%) were the most common infections. 

and intubate and ventilate if there are no spon-

Q) Respiratory distress of the newborn kitten

taneous  respirations  at  birth.  Intubation  is 

a)  Respiratory  distress  encountered  at  birth  may  be 

attempted  with  an  18–20- ga  short  IV  catheter 

due  to  pulmonary  hypertension,  decreased  sur-

(remove stylet first), and if unsuccessful, after 

factant  levels  (prematurity),  aspiration  of  meco-

1–2 minutes a tight- fitting face mask is attached. 

nium, or excess fluid in the airways. 

ii)  The neonate should be ventilated at 20–30 bpm 

b)  Congenital  defects  may  cause  persistent  pulmo-

to a maximum pressure of 20 mmHg, and this 

nary  hypertension  and  respiratory  distress  that  is 

should  be  done  for  approximately  30 seconds 

refractory to treatment. 

before  cardiac  compressions  are  started  if 

c)  In people, positive pressure ventilation is the single 

required. 

most  effective  step  in  cardiopulmonary  resuscita-

iii)  If the chest is not expanding, check the seal on 

tion of the compromised infant. 

the  face  mask  or  the  endotracheal  tube  (ET) 

d)  Emergency treatment of a newborn in respiratory 

tube placement; resuction the airway. 

distress  includes  reversal  of  any  drugs  that  were 

R)  Cardiopulmonary cerebral resuscitation

used  during  anesthesia  if  a  cesarean  section  was 

a)  Compressions

performed. Bulb suctioning of the airways helps to 

i)  Cardiac compressions are done with the thumb 

clear out accumulated fluid. 

and forefinger on either side of the thorax with 

e)  Avoid aggressive suctioning of airways (i.e., with a 

approximately 

100–120 

compressions 

suctioning device)— can cause a vagal response or 

per minute. 

laryngospasm. 

ii)  In  neonates,  thoracic  compressions  actually 

f)  Gentle rubbing of the neonate all over can also help 

cause cardiac compression (versus generalized 

stimulate respirations. 

thoracic compression seen in larger animals). 

g)  Do  not  shake  or  hit  newborn— can  cause  loss  of 

b)  Venous access

surfactant among other complications. 

i)  Intravenous access is ideal for delivery of drugs 

h)  At  birth,  physical  expansion  of  the  lungs  causes 

for resuscitation, but intraosseous routes work 

release of prostacyclin, which increases pulmonary 

well also. 

blood flow through pulmonary vasodilation. 

ii)  When an IO catheter is placed, it is essential to 

i)  Nitric oxide contributes to pulmonary vasodilation 

remove it as soon as possible. 

and is released in response to oxygenation at birth. 

iii)  The goal is to use the IO catheter as a bridge to 

j)  Surfactant reduces the tension of the air–fluid inter-

increase volume and make placement of an IV 

face of the alveoli and prevents collapse. It is essen-

catheter possible. 

tial  to  improve  compliance  (i.e.,  reduce  stiffness) 

c)  Drugs

and therefore the work of breathing. 

i)  Epinephrine has both alpha and beta adrener-

i)  Surfactant  is  released  at  birth  in  response  to 

gic activity and is the first- line drug during car-

lung inflation. 

diopulmonary arrest. 

ii)  Dramatic  decreases  in  pulmonary  vascular 

ii)  It is started after 30 seconds of chest compres-

resistance  and  adequate  surfactant  synthesis 

sions while the animal is effectively ventilated. 

and  release  are  essential  to  neonatal  survival 

iii)  The  dose  is  0.01 mg/kg  for  the  first  dose  and 

at birth. 

then 0.1 mg/kg for subsequent doses. 
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iv)  Vasopressin has been advocated for cardiopul-

1)  Neonates  also  have  an  increased  require-

monary arrest in humans with asystole. 

ment  for  calcium  for  contractility 

1)  In  a  pediatric  porcine  model,  vasopressin 

than adults. 

combined  with  epinephrine  was  better  for 

2)  Calcium is not recommended for cardiopul-

resuscitation than either drug alone. 

monary arrest in human neonates, however. 

2)  Vasopressin  is  an  accepted  treatment  for 

S)  Head trauma

children with vasodilatory shock after car-

a)  Children have a higher percentage of diffuse brain 

diac  surgery  and  for  neonatal  congestive 

injury  during  trauma  compared  with  adults,  and 

heart failure. 

this is thought to be due to their greater head- to- 

3)  Vasopressin  can  be  administered  intrave-

torso ratio. 

nously, via the endotracheal tube, or through 

b)  The neonatal brain also has a higher water content, 

an intraosseous catheter. 

lacks  complete  axonal  myelination,  and  may  be 

4)  The suggested dosage of vasopressin for car-

more  susceptible  to  hypoxia  and  hypotension 

diopulmonary  resuscitation  (CPR)  is 

than adults. 

0.8 units/kg  body  weight  intravenously. 

c)  There may also be a greater susceptibility to apopto-

There are no published dosages for kittens. 

sis  and  delayed  cell  death  during  head  trauma  in 

v)  Acidosis due to decreased perfusion (i.e., lactic 

children compared with adults. 

acidosis) and decreased ventilation (i.e., respir-

d)  With all head trauma cases, the goals are to improve 

atory acidosis) is common during cardiopulmo-

oxygen  delivery,  decrease  intracranial  pressure 

nary arrest. 

(ICP),  and  maximize  cerebral  perfusion  pres-

1)  Ideally should be addressed by treating the 

sure (CPP). 

primary problems (i.e., increasing perfusion 

e)  Children have a lower ICP as well as a lower MAP 

and ventilation). 

compared with adults. 

2)  Severe  acidosis  can  decrease  myocardial 

i)  The author is unaware of ICP values in normal 

contractility;  this  could  be  critical  in  neo-

kittens. 

nates, who have a lower percentage of myo-

f)  Since CPP is equal to the MAP minus the ICP, it can 

cardial contractile fibers than adults. 

be seen that MAP must be kept high and ICP kept 

3)  It  can  also  blunt  responses  to  catechola-

low in order to maximize CPP. 

mines, which again is critical in neonates, 

g)  Appropriate fluid therapy to keep the systolic blood 

who have a lower percentage of sympathetic 

pressure above 90 mmHg is suggested in adult head 

fibers  in  their  myocardium  compared 

trauma  and  has  been  associated  with  improved 

to adults. 

survival. 

4)  The  use  of  buffers  (e.g.,  sodium  bicarbo-

h)  Since CPP depends on adequate cardiac output and 

nate) is controversial because they increase 

adequate ventilation, these should be optimized in 

sodium  levels,  cause  hyperosmolality,  can 

head trauma patients. 

cause  paradoxical  central  nervous  system 

i)  Both hyperventilation and hypoventilation should 

(CNS)  and  intracellular  acidosis,  and 

be avoided in favor of normocarbia. 

increase carbon dioxide. 

j)  Hyperventilation  to  reduce  PaCO2  to  less  than 

5)  The  guidelines  from  the  American  Heart 

35 mmHg  may  be  helpful  as  a  temporary  bridge 

Association   Manual  of  Neonatal  Advanced 

(usually  to  surgery  to  remove  a  subdural  hemor-

 Life Support in humans do not recommend 

rhage)  in  an  emergency  patient  with  impending 

bicarbonate as frontline therapy due to lack 

signs of brain herniation. 

of evidence for its efficacy. 

k)  The resulting vasoconstriction caused by the hyper-

vi)  Glucose  is  the  main  energy  substrate  of  the 

ventilation  can  decrease  the  CPP  in  the  healthy 

neonatal brain and myocardium and should be 

brain  (due  to  intact  autoregulation),  leading  to 

monitored frequently during an arrest and sup-

decreased oxygen delivery and hypoxia. 

plemented  as  needed,  but  avoid  oversupple-

l)  Once  volume  has  been  addressed  (i.e.,  fluid  ther-

mentation and hyperglycemia, as this can lead 

apy), vasopressors may be administered if MAP is 

to  further  brain  cellular  damage  post  cardiac 

still low— dosage must be tailored to each neonate. 

resuscitation. 

Starting  at  the  lowest  dosage  for  the  drug  chosen 

vii)  Ionized calcium has been shown to be low in 

(dopamine,  dobutamine,  epinephrine,  etc.),  the 

human neonates. 

dosage  is  increased  in  5–10- minute  increments 
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depending  on  response  (i.e.,  increased  heart  rate, 

i)  Unfortunately, this reflex has not been evalu-

increased  blood  pressure,  improved  urine  output, 

ated in neonatal and pediatric patients. Since 

improved  mentation,  etc.).  Magnesium  may  miti-

the autonomic nervous system does not mature 

gate the detrimental effects of intracellular calcium 

until  9–10 weeks  of  age,  there  is  reason  to 

in head trauma and it has been shown to increase 

believe that the Cushing’s reflex may be unreli-

cerebral blood flow. Adding a CRI of 1.0 mEq/kg/

able in this age group. 

day to the IV fluids has been advocated by some. 

r)  In summary, the magnitude of head trauma can be 

m) Seizures after head trauma appear to be more com-

difficult to assess in kittens. 

mon in children than in adults and can occur with 

s)  Treatment involves optimizing systemic blood pres-

minimal brain damage. 

sure  using  IV  fluids  and  vasopressors  as  needed, 

n)  Elevation of the head to 30° has been suggested, but 

raising  the  head  30°  without  compression  of  the 

this must be done without compressing the jugular 

jugular  veins,  and  optimizing  oxygenation  and 

veins (i.e., using a tilt table or a foam wedge). 

ventilation. 

i)  The  habit  of  placing  a  rolled- up  towel  under 

T)  Conclusion

the neck to elevate the head is potentially dan-

a)  The unique anatomic and physiologic characteris-

gerous,  as  compression  of  the  jugular  veins 

tics  of  kittens  make  diagnosis,  monitoring,  and 

may increase ICP. 

treatment a challenge. Adult parameters cannot be 

o)  Jugular catheters or neck bandages should not be 

relied upon in these patients, and an awareness of 

placed in head trauma patients. Any blood needed 

these  unique  characteristics  is  essential  for  any 

should be drawn from a peripheral vein or a long 

practitioner  with  a  feline  neonatal  and  pediatric 

saphenous catheter. 

patient  base.  In  addition,  many  laboratory  and 

p)  In  people,  measurement  of  ICP  can  be  made 

pharmacological  data  differ  dramatically  in  neo-

directly, but this is impractical in most veterinary 

nates  compared  with  adults  of  the  same  species. 

situations. 

Familiarity with these variations is essential in the 

q)  The Cushing’s reflex can be helpful to gauge increas-

monitoring  and  treatment  of  the  neonatal  and 

ing ICP. In adults when ICP increases, the systemic 

pediatric  illness  such  as  hypovolemia,  shock, 

blood  pressure  rises,  and  as  a  response  the  heart 

and sepsis. 

rate decreases. 
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Geriatric Emergencies

 Maureen A. McMichael

UNIQUE FEATURES



● The definition of geriatric in veterinary medicine in cats is much more straightforward than it is in dogs. It includes the last 25% 

of the cat’s expected life span, or a cat is considered senior when it is 11–14 years of age and geriatric at 15. 



● Maintenance energy requirements increase in older cats (>12 years), requiring an increase in calories to maintain the same weight. 



● Comorbid conditions are common in geriatric cats and clinicians should be cognizant of common ones (e.g., chronic kidney disease, hypertrophic cardiomyopathy, degenerative joint disease, hyperthyroidism, gingivitis, etc.). 



● Geriatric cats do not possess sufficient physiologic reserves, and acute illness may be taxing. 



● There is a dearth of research into specific geriatric comorbidities, normal age- related parameters, and pharmacokinetics/pharmacodynamics of the aged feline. Some of the information here is adapted from human and other species data. 

A)  Overview

b)  Other definitions state that a cat is considered senior 

a)  The number of geriatric feline patients continues to 

at 11–14 years of age and geriatric when it reaches 

increase  and  clinicians  should  familiarize  them-

15 years of age. 

selves  with  expected  geriatric  parameters  and 

C)  Comorbid conditions

comorbidities  (Stratton- Phelps  1999).  Older  cats 

a)  There is little research on comorbid conditions in 

often have complex clinical presentations and clini-

geriatric cats. As stated previously, some of the data 

cians  should  become  more  comfortable  with  the 

is extrapolated from the research done on humans 

challenges  in  diagnosis  and  treatment  of  this  age 

and other species. A recent prospective screening of 

group, particularly in emergent clinical situations. 

45 geriatric dogs (median age, 11.5 years) reported 

b)  Older  age  does  not  predict  mortality  in  elderly 

vision  and  hearing  loss  (49%)  and  lameness/stiff-

humans, although aging affects the physiology of 

ness (42%) (Davies 2012). Veterinarians discovered 

every  organ  system.  The  main  determinants  of 

abnormalities  unrecognized  by  owners  in  80%  of 

mortality  are  prior  health  status  and  severity  of 

the dogs in this study, with a mean of 7.8 abnormal-

the  current  disease  process(es)  (Campion 

ities identified per dog. 

et al. 1981; Fedullo and Swinburne 1983; Goldstein 

b)  Anecdotally, older cats have a high incidence of hyper-

et al. 1986). 

trophic  cardiomyopathy,  gingivitis,  hypertension, 

c)  Although similar studies have not been done in vet-

renal compromise, and degenerative joint disease. 

erinary medicine, owners should be offered aggres-

D)  History

sive treatment for their geriatric cat that includes 

a)  It is essential to query owners on known concurrent 

consideration of comorbid diseases, quality of life 

conditions as well as frequency of veterinary care. 

of the pet, and the owner’s desires. 

b)  Important  considerations  include  nutrition  (what 

B)  Definitions

type  and  amount  of  food),  water  intake,  dental 

a)  The term  geriatric is difficult to define in veterinary examinations, and teeth cleaning. 

medicine  and  the  American  Animal  Hospital 

E)  Physical examination and normal parameters

Association guidelines suggest that a pet is geriatric 

a)  Identifying healthy aging in cats from disease con-

when  it  has  entered  the  last  25%  of  its  expected 

ditions will guide appropriate care and prognostica-

life span. 

tion for these patients. 
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b)  Studies in veterinary medicine have offered a stand-

i)  Although  changes  in  the  coagulation  system 

ardized approach to geriatric physical examination 

with age have not been investigated in geriatric 

and  health  assessment  to  better  characterize  the 

cats, diagnostic testing and consideration of pro-

pathophysiology  of  normal  age- related  changes 

phylactic treatment for suspected prothrombotic 

(Bellows et al. 2015; Willems et al. 2017). 

states may be warranted in this age group. 

c)  Older cats have higher blood pressure, heart rate, 

G)  In  humans,  there  is  increased  rigidity  and  the  lungs 

and platelet count, increased serum urea nitrogen 

lose elasticity with age. Respiratory muscle strength is 

and bilirubin and are more likely to have a cardiac 

decreased  by  25%,  and  the  alveolar–arterial  gradient 

murmur.  They  also  have  lower  body  condition 

increases significantly (Nagappan and Parkin 2003). 

scores,  hematocrit,  albumin,  and  total  calcium 

a)  Loss of diaphragmatic and intercostal muscle mass 

(Paepa et al. 2013). 

may  be  responsible  for  the  decline  in  respiratory 

F)  Laboratory values

muscle strength. These aging- related changes may 

a)  In  humans  at  rest,  the  laboratory  values  for  red 

result in a decreased arterial partial pressure of oxy-

blood cells, white blood cells, platelets, and hemo-

gen  in  older  veterinary  patients  during  illness  or 

globin do not change with age. 

exertion. 

b)  There is a decrease in the ability of the bone mar-

H)  No differences in arterial blood gas values were found 

row to increase neutrophil production in response 

in  healthy  older  dogs,  but  it  is  not  known  whether 

to  infection  and  red  blood  cell  production  in 

changes  occur  during  illness  (King  et  al.  1992). 

response to anemia in geriatric humans (Rosenthal 

Conditions such as pulmonary edema place great pres-

and Kavic 2004). Neutrophil function has also been 

sure on the limited pulmonary reserves in older feline 

shown to decrease with age in humans (Rosenthal 

patients and may be more difficult to treat. 

and Kavic 2004). 

I)  Creatinine clearance, renal blood flow, glomerular fil-

c)  There are no established reference ranges for geriat-

tration rate, and urine concentrating and diluting abil-

ric cats, perhaps because the term  geriatric is diffi-

ity  decrease  with  age  in  humans  (Nagappan  and 

cult to define, and therefore the laboratory values 

Parkin 2003). Inability to conserve sodium or concen-

are hard to quantify. 

trate urine and decreased renal blood flow have been 

d)  Harper and others looked at age- related variations 

reported  in  geriatric  small  animals  (Carpenter 

in  laboratory  values  in  Beagles  and  Labrador 

et al. 2005). This results in the geriatric patient being 

Retrievers. The dogs were grouped into categories, 

unable  to  respond  appropriately  to  hypovolemia  or 

and the geriatric category included all animals older 

hypervolemia and may hinder their tolerance to exces-

than  10 years  of  age.  There  were  no  differences 

sive or insufficient fluid and electrolyte therapy. 

between the laboratory values for dogs older than 

J)  Researchers reported a difference in canine endothelial 

10 years of age and the rest of the adult dogs (Harper 

function with age (Mellema 2013). Older dogs (≥8 years 

et al. 2003). Strasser et al. (1997) investigated age- 

of  age)  had  a  greater  release  of  nitric  oxide  (NO)  in 

dependent changes in laboratory values before and 

response  to  anesthesia  induction  with  propofol  than 

after exercise in Beagles. There were no significant 

did younger dogs, even at doses that do not result in 

differences  in  the  laboratory  values  for  5- year- old 

clinically apparent hypotension. 

and 10- year- old Beagles at rest. 

a)  A significant increase in levels of the NO metabolite 

i)  After  exercise,  older  dogs  had  lower  hemato-

(i.e., nitrite) was observed in the older age group, 

crits,  red  blood  cell  counts,  and  hemoglobin 

suggesting  a  functional  change  in  endothelial 

concentrations.  They  also  had  a  significantly 

response with age. A similar observation has been 

lower  venous  oxygen  saturation  and  lower 

seen in aged rats (Gragasin and Davidge 2009). The 

plasma glucose levels (Strasser et al. 1997). In 

reported  hypotension  seen  with  propofol  in  older 

addition,  older  dogs  showed  a  slower  hemat-

dogs may result, in part, from increased NO release 

opoietic  response  to  acute  anemia  (phlebot-

and not just reduced NO clearance. 

omy)  than  younger  dogs  (Rosenthal  and 

A)  Radiographic imaging

Kavic 2004). 

a)  Thoracic  radiographs  of  geriatric  cats  often  show 

e)  The  coagulation  system  appears  to  shift  toward 

increased  lung  opacity  due  to  calcification  of  the 

hypercoagulability  as  humans  age,  and  the  inci-

bronchial  circulation  and  pulmonary  interstitial 

dence of pulmonary thromboembolism is increased 

changes. 

fivefold in humans older than 85 years (Rosenthal 

b)  Mineralized  costochondral  junctions  as  well  as 

and Kavic 2004). 

degenerative  changes  in  the  sternebral  junctions 

[image: Image 113]
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can  also  be  observed.  Collectively,  these  changes 

i)  This is likely similar in geriatric pets and should 

may be mistaken for pulmonary disease. 

be  taken  into  consideration  when  anesthesia 

c)  The heart may appear to lie on the sternum in old 

is needed. 

cats because it takes on a more horizontal orienta-

h)  Adequate  protein  intake  is  essential  for  optimal 

tion. This can easily be mistaken for cardiomegaly 

immune function and is critical in geriatric animals. 

because of increased sternal contact. 

i)  Antioxidants  are  essential  to  combat  oxidative 

d)  The aorta may seem more prominent and undulat-

stress, which has been shown to increase with age 

ing in older cats due to a “kink” in its appearance 

in many species (Bokov et al. 2004). 

(Figure 35.1). 

i)  The  free  radical/oxidative  stress  theory  of  aging 

e)  Degenerative joint disease changes may be seen in 

suggests  that  levels  of  reactive  oxygen  species 

cats as they age. 

increase with age, and amelioration of this increase 

B)  Nutrition

can retard the aging process (Bokov et al. 2004). 

a)  Maintenance  energy  requirements  increase  after 

j)  Some supplements that can be added easily to the 

the age of 12 years in cats (Harper 1998; Kienzle and 

treatment  regimen  include  vitamin  B  complex 

Rainbird 1991; Laflamme and Ballam 2002). 

administered  in  the  intravenous  fluids  (2–4 ml/l 

b)  There may be a decrease in the ability to digest fat 

when  given  at  a  maintenance  rate),  S- adenosyl- L- 

and protein as cats age (Laflamme 2005). 

methionine (20 mg/kg PO q24h), and N- acetylcysteine 

c)  These changes lead to weight loss as cats age (e.g., if 

(50–70 mg/kg diluted 1:4 with 0.9% sodium chloride 

an older cat is fed food with the same caloric con-

and filtered, administered IV over 1 hour q6–8h or 

tent as it ages). 

100 mg/kg/day PO divided) (Buur et al. 2013). 

d)  The reduced ability to digest fats can lead to defi-

k)  A relatively new area of study is the effect of gastro-

ciencies  in  fat- soluble  vitamins  (e.g.,  vitamin  E), 

intestinal  microflora  on  cognitive  decline  in  the 

and  the  inability  to  concentrate  urine  can  lead  to 

elderly (Ticines et al. 2019). 

reduced  ability  to  retain  water- soluble  vitamins 

l)  Probiotics  as  well  as  prebiotics  and  synbiotics 

(e.g., B vitamins) and electrolytes (Laflamme 2005). 

appear to be safe, are easily administered, may func-

e)  There is a high prevalence of malnutrition in elderly 

tion  as  an  appetite  stimulant,  and  are  potentially 

humans, and several supplements have been shown 

helpful, especially in animals receiving antimicro-

to  slow  cognitive  decline,  including  cobalamin, 

bial  therapy.  Quality  control  is  an  issue  for  some 

blueberries, sage, and curcumin (Vauzour 2012). 

products, so clinicians should recommend reputa-

f)  In  older  cats  with  a  limited  ability  to  digest  fats, 

ble brands. 

medium- chain triglycerides may be beneficial as a 

m) Anorexia is common in the older critically ill patient 

concentrated and highly absorbable energy source. 

and should be treated aggressively after a thorough 

g)  Gastric emptying takes 2 times longer in geriatric 

search for underlying causes. 

humans putting them at a higher risk for aspiration 

n)  Cat food should be delivered in wide, shallow food 

pneumonia  at  anesthetic  induction  (Alvis  and 

bowls  to  prevent  the  whiskers  from  touching 

Hughes 2015). 

the sides. 

o)  Also,  smell  is  an  important  appetite  stimulant  in 

both dogs and cats, and clogged nasal passages (e.g., 

from  bilateral  nasal  catheters  for  the  delivery  of 

oxygen)  may  cause  decreased  appetite.  Warming 

the food and placing a small amount on the tongue 

may help stimulate the animal to eat. 

C)  Sarcopenia is common in geriatric animals and may be 

associated with frailty. In humans, frailty is defined as 

meeting 3 of 5 of the following criteria— low energy, 

slowed walking speed, low physical activity, uninten-

tional  weight  loss,  and  low  grip  strength  (Pham  and 

Fedelino  2020).  The  presence  of  frailty  increases  the 

odds  of  mortality  by  2.9  in  humans  (Pham  and 

Fedelino  2020).  We  are  unaware  of  any  research  on 

Figure 35.1  Thoracic radiograph of a healthy geriatric cat. 

Note the horizontal heart and prominent aorta.  Source: Courtesy frailty in cats, but paying attention to muscle mass is 

Dr. Robert O’Brien, DVM, DACVR. 

likely an important consideration. 
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D)  Neurologic conditions

more free drug is available, which could lead to 

a)  Cognitive dysfunction syndrome is common in sen-

an inadvertent increase in active drug. 

ior and geriatric cats and can significantly diminish 

iii)  In  addition,  drug  metabolism  may  change  as 

quality of life. 

the  geriatric  patient  experiences  a  decline  in 

b)  Recently  the  glymphatic  (glial + lymphatic)  path-

hepatic mass and function. This may result in 

way has been shown to clear soluble proteins and 

an  increased  plasma  half- life  of  drugs  that 

metabolites from the brain during sleep; accumula-

require hepatic excretion, metabolism, or con-

tion of these solutes is associated with neurodegen-

jugation (Carpenter et al. 2005). 

erative diseases (Rasmussen et al. 2018). 

iv)  Decreased function of phase I metabolic reac-

c)  In addition to elimination of waste, the glymphatic 

tions in the liver may also occur with age and 

system  also  plays  roles  in  distribution  of  glucose, 

cause  a  decrease  in  oxidation,  reduction, 

lipids,  amino  acids,  and  neurotransmitters  in  the 

dealkylation, and hydroxylation reactions. 

brain, and this system is essentially turned off dur-

v)  Phase II reactions do not appear to be altered 

ing wakefulness. 

(McLean and LeCouteur 2004). 

d)  Norepinephrine  seems  to  play  a  role  in  suppres-

e)  Drug elimination may be affected by a progressive 

sion  of  the  glymphatic  system  during  non- sleep 

decline  in  renal  function  with  age.  In  geriatric 

hours.  Sleep  disturbances  are  common  in  older 

humans, there is a steady decline in renal function, 

humans and animals and are thought to contribute 

with approximately 40% of the nephrons becoming 

to accumulation of solutes and dementia. 

sclerotic and renal blood flow and glomerular filtra-

e)  Sleep disturbances also occur frequently in inten-

tion rate decreasing by almost 50% by the age of 85 

sive care unit (ICU) patients due to loss of circadian 

(Rosenthal and Kavic 2004). Due to the loss of lean 

rhythm, constant noise, and continuous stress. 

body  mass,  creatinine  levels  may  remain  normal 

f)  Melatonin decreases with age and supplementation 

(decreased production and decreased clearance). 

may help prevent cognitive dysfunction syndrome 

f)  Approximately  15–20%  of  dogs  and  cats  are 

(CDS)  by  allowing  clearance  of  solutes  from  the 

thought to suffer from some degree of renal insuf-

brain during sleep and can be considered in hospi-

ficiency as they enter the geriatric years (McLean 

talized geriatric pets (Cardinali 2019). 

and LeCouteur 2004). 

E)  Pharmacology

g)  There is a progressive decline in ventricular compli-

a)  The mantra used most often in geriatric pharmacol-

ance and the number of cardiac myocytes in geriat-

ogy is “start low, go slow.” Unfortunately, this con-

ric humans. Autonomic tissue is replaced by fat and 

flicts with the nature of emergent treatment in the 

connective tissue and shows decreased responsive-

ICU,  and  it  is  imperative  that  clinicians  take  into 

ness to autonomic drugs (Rosenthal and Kavic 2004). 

account the effect of age when choosing drug dos-

It  is  likely  that  some  decline  in  cardiac  function 

ages. Aging imposes several changes in the absorp-

occurs with age in cats, and careful monitoring for 

tion, distribution, metabolism, and elimination of 

specific end points is essential when cardiac drugs 

many drugs. General guidelines for dosage adjust-

are prescribed. 

ments in geriatric small animals can be found in the 

h)  Appropriate drug dosing in geriatric animals may 

article by Dowling (2005). 

be  optimized  by  including  measurement  of  renal 

b)  Oral absorption may be decreased due to gastroin-

function,  therapeutic  drug  monitoring  with  fre-

testinal function slowing down with age. 

quent  dosage  adjustments,  and  dose  or  interval 

c)  The loss of lean body mass can also alter intramus-

reduction based on creatinine concentrations. 

cular drug absorption. 

i)  Examples  of  drugs  that  are  renally  cleared  are 

d)  Distribution  of  drugs  may  be  altered  for  several 

amoxicillin,  allopurinol,  and  many  antifungals. 

reasons. 

Clinicians should always check renal clearance of 

i)  If fluid retention is present (such as with con-

specific drugs before dosing. The most practical and 

gestive heart failure, cirrhosis, or renal failure), 

cost efficient of the aforementioned options is dose 

drugs  that  are  distributed  to  the  extracellular 

or interval reduction. 

space  (e.g.,  penicillins,  nonsteroidal  anti- 

F)  Fluid requirements

inflammatory drugs, aminoglycosides, etc.) may 

a)  Significant  changes  in  multiple  organ  systems  in 

have changes in their distribution. 

geriatric  animals  should  be  taken  into  account 

ii)  Albumin concentration decreases with age and 

when the type, dosage, and administration rate of 

therefore affects the levels of protein- bound drugs 

fluids are selected. Additionally, changes in muscle 

(Dowling 2005). With less albumin in circulation, 

mass and fat stores should be noted, since marked 
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changes can affect total body water and therefore 

g)  Monitoring  for  fluid  overload  includes  frequent 

daily maintenance fluid requirements. 

checks of respiratory rate, body weight, urine out-

b)  Geriatric pets have increasing amounts of myocar-

put, central venous pressure, and arterial blood gas 

dial fibrosis, valvular dysfunction, and myocardial 

concentrations, or pulse oximetry readings, frequent 

fiber atrophy (Carpenter et al. 2005). The decrease 

thoracic auscultation, and thoracic radiography. 

in  ventricular  compliance  limits  the  intravascular 

G)  Conclusion

volume  they  can  tolerate  while  paradoxically 

a)  Geriatric  cats  experience  a  decline  of  physiologic 

increasing their dependence on this volume. 

reserves that may not be apparent at rest. During 

c)  Geriatric  animals  are  highly  dependent  on  end- 

times of ill health, however, geriatric cats may not 

diastolic  volume  to  increase  cardiac  output  and 

be able to mobilize reserves to meet the demands of 

therefore do not tolerate volume depletion during 

the disease process, which results in multiple organ 

times of stress (e.g., illness, anesthesia, etc.). 

dysfunction and possible failure. 

d)  Balanced isotonic crystalloids (e.g., lactated Ringer’s 

b)  Nutritional  considerations  are  different  in  older 

solution,  0.9%  sodium  chloride)  are  ideal  for  the 

cats  and  a  higher  caloric  density  food  should  be 

dehydrated geriatric patient. Both natural colloids 

considered (Burkholder 2000). 

(fresh frozen plasma) and artificial colloids (hydrox-

c)  Because of changes in cardiovascular, renal, hepatic, 

yethyl starches) are additional options for the treat-

nutritional,  and  immune  functions,  the  older  cat 

ment of hypovolemia, but should be administered 

will respond differently to both the stress of illness 

at a slower rate in geriatric animals because of their 

and its treatment compared to the young adult. 

propensity for volume overload. Supplements such 

d)  It is essential that the critical care team be familiar 

as potassium chloride, vitamin B complex, and dex-

with these changes in the older animal and be pre-

trose may prove beneficial in deficient animals. 

pared for vigilant monitoring during diagnostic test-

e)  A  thorough  search  for  underlying  or  chronic  dis-

ing and treatment of the illness. 

ease processes (chronic cardiomyopathy, renal fail-

e)  The severity of illness has the biggest influence on 

ure) is essential when planning fluid therapy. 

outcome in critically ill geriatric people, and this is 

f)  Monitoring for optimal perfusion includes frequent 

likely to be similar in cats. Aggressive and appropri-

checks  of  pulse  quality,  extremity  temperature, 

ate  treatment,  careful  monitoring,  and,  of  course, 

venous lactate levels, central venous oxygen satura-

tender loving care are essential to a successful out-

tion, urine output, body weight, and mentation. 

come in the critically ill geriatric cat. 
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Ocular Emergencies

 Deborah C. Mandell  and Paul Scherlie

UNIQUE FEATURES



● Cats will prolapse their third eyelid in response to pain, and topical anesthetic may be needed to evaluate the eye. 



● Clinically normal cats can have low Schirmer tear test results. 



● Feline herpesvirus (FHV) can be a contributing factor in many ocular diseases. 



● Anaphylaxis and severe chemosis can rarely occur secondary to topical antibiotic preparations (polymyxin B). 



● Debride nonhealing corneal ulcers; do not perform keratotomy. 



● Corneal sequestra are unique to cats and are more common in brachycephalic breeds. An area of black pigment will be seen on the cornea. 



● Anterior uveitis usually has a serious underlying cause. 



● Secondary glaucoma is more common and may be due to anterior uveitis or intraocular neoplasia. The eye is usually buphthalmic and not painful. 



● It takes significant blunt force to proptose a cat’s eye; therefore, there is usually significant concurrent head trauma. 



● Be very careful not to pull on the eye that is being enucleated; the contralateral eye can become blind because the optic chiasm is very short. 



● Systemic hypertension is a common cause of retinal detachment and blindness. 



● Enrofloxacin can cause nonreversible retinal degeneration. 



● Secondary lens luxation is more common and due to chronic uveitis, chronic glaucoma, or trauma. 



● Conjunctivitis most commonly has an infectious cause. FHV- 1,  Chlamydophila felis, and  Mycoplasma spp. are common pathogens. 



● Keratoconjunctivitis sicca is not common and may be secondary to FHV- 1. 



● Ocular trauma, intraocular surgery, trauma to the lens, and chronic uveitis may all lead to post-traumatic ocular sarcoma, an 

extremely malignant intraocular neoplasia. 

Most, if not all, feline ocular emergencies can be diagnosed 

c)  Neurological exam— menace (may be difficult to 

by clinical signs and very few diagnostic tests. If an eye is 

evaluate  in  cats),  pupillary  light  reflex  (PLR, 

not responding to treatment or there are multiple disease 

direct  and  consensual),  and  palpebral  or  cor-

processes  in  the  same  eye,  an  ophthalmologist  should 

neal reflex. 

always be consulted. 

d)  Cats will protrude the third eyelid, which makes 

visualization of the globe difficult. Gentle restraint 

A)  Clinical signs

and a dim light may help. Topical anesthetic (pro-

a)  Red eye. 

paracaine  0.5%)  can  be  used  to  gently  push  the 

b)  Gray or cloudy eye. 

third eyelid out of the way if needed. 

c)  Acute blindness— unilateral or bilateral. 

C)  Diagnostic and monitoring procedures

d)  Big or enlarged eye. 

a)  Schirmer tear test

e)  Ocular discharge. 

i)  Should  be  first  diagnostic  test  performed  on 

f)  Blepharospasm/squinting. 

all cases. 

B)  Ophthalmic examination

ii)  Normal 

is 

about 

17 mm/min 

(see 

a)  Look for asymmetry of face, orbits, and globes. 

“Keratoconjunctivitis  sicca  (KCS)”  in  the  fol-

b)  Evaluate periorbital structures, conjunctiva, nicta-

lowing text). 

tans, sclera, cornea, anterior chamber, lens, vitre-

iii) Normal cats can have low Schirmer tear tests, 

ous, and fundus. 

must correlate with clinical signs. 
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b)  Fluorescein stain test

5)  A  beep  will  sound  with  each  of  three 

i)  Extremely  important  for  all  feline  ocular 

readings  and  then  an  average  will  appear 

emergencies. 

after a longer beep. 

ii)  Diagnoses and outlines extent of corneal ulcers, 

6)  Tono- Pen should be calibrated once a day. 

lacerations, chemical injuries, and trauma. 

ii)  Rebound tonometry— measures IOP by deter-

iii) Multiple  techniques  for  performing  fluores-

mining how fast the probe bounces off the cor-

cein stain

nea. The faster it bounces, the higher the IOP. 

1)  Put drop of eyewash onto strip and let stain 

1)  TonoVet  (iCare,  Finland;  Figure  36.2)— 

drip into eye. 

easy to use, does not need topical anesthetic. 

2)  Put fluorescein stain strip into 3- cc syringe 

2)  Probe needs to be 4–8 mm from cornea and 

with eyewash and put drop of stain into eye. 

TonoVet needs to be completely perpendic-

3)  Place  strip  directly  onto  sclera/

ular to corneal surface. 

conjunctiva. 

3)  Press  upper  button  to  deploy  probe  six 

iv) A descemetocele or perforation in the cornea 

times. Will hear one beep per measurement. 

will not take up stain. 

4)  Will hear two beeps for final IOP reading. 

v)  If there is leakage of aqueous humor, can see 

5)  Use a new probe per patient. 

rivulets of stain where the perforation occurs 

6)  May be more reliable in cats. 

(Seidel test). 

d)  Ocular ultrasound

vi) Also tests patency of tear duct (will see stain 

i)  Use 10 MHz probe. 

coming out of nostril). 

ii)  Can perform with large amount of coupling gel 

vii)   Rose Bengal stain is reported to be superior to 

directly on cornea (after topical anesthetic) or 

fluorescein  stain  for  herpetic  dendritic  cor-

over eyelids if any corneal disease or trauma. 

neal ulcers. 

iii) Should be used on any eye where intraocular 

c)  Tonometry— useful  to  diagnose  glaucoma  and 

mass is a potential underlying cause of signs or 

anterior  uveitis;  normal  intraocular  pressure 

if  cannot  visualize  deeper  structures  due  to 

(IOP)  is  15–25 mmHg.  Studies  have  shown  that 

severe anterior uveitis or hyphema. 

age and time of day affect normal IOP measure-

Management of specific conditions

ments. There should not be more than 8 mmHg 

difference between the two eyes. 

a)  Corneal ulcer (Box 36.1)

i)  Applanation  tonometry— measures  IOP  by 

i)  Causes include trauma, infectious (viral, bacte-

determining  the  amount  of  force  needed  to 

rial, etc), decreased tear production, underly-

flatten the cornea. 

ing  ocular  conditions  (entropion),  foreign 

1)  Tono- Pen 

(Reichert, 

Depew, 

NY; 

body, and topical irritants/chemical injury. 

Figure 36.1)— easy to use, flattens a small 

ii)  Clinical signs include blepharospasm, corneal 

region of cornea. 

edema, corneal neovascularization, conjuncti-

2)  1–2  drops  of  topical  anesthetic  (propa-

val  hyperemia/congestion,  and  possibly  a 

racaine  0.5%)  is  instilled  in  eye(s).  Wait 

miotic pupil. 

5 minutes for full effect. 

iii) Diagnosed based on fluorescein stain results. 

3)  Place  Tono- Pen  probe  tip  cover  on  tip  of 

iv) Classification  of  corneal  ulcer  depends  on 

Tono- Pen. 

amount and depth of cornea affected, whether 

4)  Holding the Tono- Pen like a pencil, gently 

secondary  infection  is  present,  or  if  there  is 

touch the cornea with the tip. 

nonadhered epithelium (nonhealing). 

Figure 36.1  The  Tono- Pen. 

Figure 36.2  The TonoVet. 
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Box 36.1  Corneal Ulcers

1)  Look for underlying cause. 

2)  Fluorescein stain to diagnose and evaluate extent 

of ulcer. 

3)  All corneal ulcers are treated with topical antibiotics. 

a)  Erythromycin is a common first- 

line topical 

antibiotic. 

b)  A topical fluoroquinolone should be used if very 

deep or if a descemetocele or melting or perfo-

rated corneal ulcer is present. 

4)  Topical atropine should always be used if there is a 

reflex uveitis (miotic pupil), descemetocele, or melting 

or perforated cornea as long as IOP is low or normal. 

5)  Systemic antibiotics and topical autologous serum 

should be used if the ulcer is infected/melting. 

6)  Systemic antibiotics and nonsteroidal anti- 

inflammatory medications should be added if there 

is a perforated cornea. 

7)  May need topical antiviral medications if secondary 

to  FHV- 1. 

Figure 36.3  Dendritic corneal lesions secondary to feline 

8)  Only debride— do not perform a grid/punctate kera-

herpes infection.  Source: Photograph courtesy of Dr. Steve Gross. 

totomy on nonhealing corneal ulcers. 

9)  Always place an Elizabethan collar to prevent 

self trauma. 

topical antibiotics are preferred (i.e., erythro-

mycin 0.3% ointment) for  uncomplicated cor-

neal ulcers. 

v)  FHV- 1 causes classic “dendritic” corneal ulcers 

1)  Superficial ulcer— involves the epithelium 

(look like branches on a tree; Figure 36.3). This 

of the cornea (Figure 36.4)

can progress to a classic corneal ulcer. 

–  Topical antibiotics (erythromycin 0.3%) 

vi)  Can have a reflex uveitis and miotic pupil. 

every 6–8 hours for 1 week. 

vii) If the cornea has perforated, then additional 

–  Topical  atropine  ointment  (1%)  every 

clinical signs can include a misshapen cornea, 

12 hours  then  prn  if  miotic  pupil 

iris protruding to and potentially through the 

cornea  (iris  prolapse),  a  shallow  anterior 

chamber, aqueous flare or fibrin strands in the 

anterior  chamber,  and  a  fibrin  clot  (red  and 

white/tan piece of tissue) on the area of cor-

nea that ruptured (see in the following text). 

Rivulets of fluorescein stain where the perfo-

ration is on the cornea can also be seen (Seidel 

test), if not sealed as well. 

viii)   Treatment depends on depth and cause of ulcer. 

ix)   For  deep  to  penetrating  corneal  ulcers,  an 

ophthalmologist should be consulted to dis-

cuss  surgical  options.  If  medical  therapy  is 

chosen,  the  eye  should  be  reevaluated  in 

24–48 hours to determine response. 

x)   Anaphylaxis has been reported in cats second-

ary to topical antibiotic preparations (possibly 

Figure 36.4  A superficial ulcer in a cat. Shampoo splashed in this cat’s eye (see in the following text).  Source: Reproduced due to polymixin B). More commonly, chemo-from the  Manual of Canine and Feline Emergency and Critical Care, sis and conjunctivitis can occur. Thus, other 

2nd ed., edited by L. King and A. Boag. With permission of BSAVA. 

[image: Image 118]

[image: Image 119]

436  Ocular Emergencies

present. Atropine ointment is much less 

perforate. The oily base can cause severe 

irritating than suspension for cats. 

intraocular inflammation. 

–  Elizabethan collar. 

–  Elizabethan collar. 

–  Topical  antiviral  therapy  may  be 

–  Deep ulcers can take up to 4 weeks to 

indicated  if  recurrent,  dendritic,  or 

heal.  The  eye  should  be  fluorescein- 

feline  herpesvirus  is  suspected. 

stained  in  weekly  intervals  to  monitor 

Cidofovir 0.5% every 12 hours or triflu-

response to treatment. 

ridine  1%  or  idoxuridine  0.1%  (can  be 

–  Surgery (e.g., conjunctival graft) is rec-

compounded at a pharmacy) every 6–8 

ommended  if  50%  or  more  of  the  cor-

hours for 1–2 weeks. Can also consider 

neal stroma is involved. A slit lamp can 

famciclovir  orally  40–90 mg/kg  two  to 

help  determine  the  percentage  of  cor-

three times a day, if normal kidney and 

neal stroma involved. If a large portion 

liver  function  and  l- lysine  (250 mg 

of the cornea is involved, there is a neg-

orally  every  12 hours  in  kittens,  or 

ative dazzle and/or negative consensual 

500 mg  every  12 hours  in  adult  cats 

PLR,  then  enucleation  may  be 

with food). 

recommended. 

–  If due to caustic agent, the eye should be 

3)  Descemetocele  (Figure  36.6)— ulcer  is 

thoroughly  irrigated  with  sterile  lac-

down to Descemet’s membrane; will see a 

tated Ringer’s solution, sterile saline, or 

clear or black area in the center of the ulcer. 

sterile  eyewash,  and  then  treated  as 

–  Topical  antibiotics  (topical  fluoroqui-

mentioned in the earlier text. 

nolone) every 2 hours. 

–  The eye should be fluorescein- stained in 

–  Topical atropine solution every 6 hours. 

1  week  to  evaluate  response  to  treat-

Do not use ointment if the cornea is per-

ment.  An  uncomplicated  superficial 

forated or at risk to perforate. The oily 

ulcer should heal in 5–7 days. 

base  can  cause  severe  intraocular 

2)  Deep  ulcer— involves  the  corneal  stroma 

inflammation. 

(Figure 36.5)

–  Systemic antibiotics (amoxicillin–clavu-

–  Topical  antibiotics  (topical  fluoroqui-

lanic acid 15 mg/kg orally every 12 hours 

nolone) every 2–4 hours for 24–48 hours, 

or  doxycycline  5 mg/kg  every  12 hours 

then every 4–6 hours. 

or  10 mg/kg  orally  every  24 hours  in  a 

–  Topical  atropine  ointment  (1%)  every 

pill pocket or as a suspension). 

12 hours.  Do  not  use  ointment  if  the 

–  Elizabethan collar. 

cornea  is  perforated  or  at  risk  to 

Figure 36.5  A deep corneal ulcer secondary to a cat fight. 

Figure 36.6  A descemetocele in a 6- year- old Persian cat. 
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–  Surgery  (i.e.,  conjunctival  graft)  is  the 

–  Topical  atropine  solution  (do  not  use 

ideal  treatment  and  should  be  per-

ointment  if  cornea  is  perforated;  the 

formed as soon as possible. 

oily  base  can  cause  severe  intraocular 

4)  Melting  ulcer— involves  an  infected  ulcer, 

inflammation) every 6 hours. 

most  commonly  with  Gram- negative 

–  Systemic  antibiotics  (amoxicillin–cla-

bacteria  ( Pseudomonas  aeruginosa,  Proteus 

vulanic  acid  15 mg/kg  orally  every 

spp.,  Escherichia  coli)  that  produce 

12 hours  or  doxycycline  5 mg/kg  every 

collagenases. 

12 hours  or  10 mg/kg  orally  every 

–  Should obtain a swab for cytology and 

24 hours  in  a  pill  pocket  or  as  a 

aerobic culture and sensitivity. 

suspension). 

–  Topical  antibiotics  (topical  fluoroqui-

–  Elizabethan collar. 

nolone  and  topical  cefazolin)  alternat-

–  Systemic 

nonsteroidal 

anti- 

ing every 2 hours. 

inflammatory medication (robenacoxib 

–  Topical  atropine  solution  (1%)  every 

1 mg/kg every 24 hours for 3 days). 

4–6 hours. 

–  If the anterior capsule of the lens was 

–  Topical  autologous  serum— one  drop 

disturbed when the corneal perforation 

every  2  hours,  needs  refrigeration, 

occurred (may see tract of fibrin in the 

contains 

anti- collagenases/alpha 

anterior chamber or fibrin or opacity on 

macroglobulins. 

the anterior lens capsule), then systemic 

–  Systemic antibiotics (amoxicillin–clavu-

corticosteroids  (prednisone  0.5 mg/kg 

lanic acid 15 mg/kg orally every 12 hours 

every 12 hours) are indicated (instead of 

or  doxycycline  5 mg/kg  every  12 hours 

an  NSAID)  due  to  the  extreme  and 

or  10 mg/kg  orally  every  24 hours  in  a 

intense  lens- induced  anterior  uveitis 

pill pocket or as a suspension). 

that  can  follow.  The  owner  should  be 

i)  Elizabethan collar. 

warned that if the anterior uveitis can-


–  Surgery may be required if not respond-

not be controlled with medical manage-

ing  or  if  underlying  ulcer  is  deep  or 

ment  or  is  leading  to  secondary 

perforated. 

glaucoma,  the  lens  may  need  to  be 

5)  Perforated  corneal  ulcer  (Figure  36.7)— 

removed in the future. The eye should 

can  be  managed  medically  until  surgery 

be reevaluated in 1–2 days. Due to the 

(e.g., conjunctival graft) can be performed. 

potential development of post- traumatic 

–  Topical  antibiotics  (topical  fluoroqui-

ocular sarcoma (see see section on post 

nolone) every 2 hours. 

traumatic  sarcoma),  enucleation  may 

be warranted. 

–  Surgery  is  the  ideal  treatment  and 

should be performed if the rupture is not 

sealing or the corneal re- ruptures after 

attempting medical management. 

6)  Nonhealing,  non  adhered  epithelium,  or 

recurrent corneal ulcer

–  Brachycephalic  breeds  may  be  more 

predisposed. 

–  May be secondary to feline herpesvirus. 

–  Less common in cats than dogs. 

–  Fluorescein  stain  extends  beyond  the 

edges  of  the  ulcer  due  to  nonadhered 

epithelium. 

–  After instillation of a topical anesthetic 

(proparacaine 0.5%), use a cotton swab 

to  gently  debride  nonadhered  epithe-

Figure 36.7  A perforated corneal ulcer. This cat was in a fight lium (Figure 36.8). 

with another cat. The only injury he sustained was to his eye. 
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–  The  cause  is  unknown,  but  it  is  more 

common in brachycephalic breeds. 

–  Treatment  involves  removing  the 

sequestrum with a lamellar keratectomy 

by an ophthalmologist. 



●

All corneal ulcers should be restained 

and rechecked in 5–7 days to ensure 

healing. A superficial ulcer should be 

healed at this time. A deep ulcer may 

take 2–4 weeks to heal and should be 

checked  weekly  to  ensure  that  it  is 

not becoming a complicated or non-

healing ulcer. 



●

An ophthalmologist should always be 

consulted if the ulcer is not respond-

Figure 36.8  Placement of a cotton swab to debride a 

ing  to  treatment  or  if  there  is  more 

nonhealing corneal ulcer. 

than one disease process in the same 

–  Do  not  perform  a  grid,  punctate,  or 

eye  making  treatment  more 

Diamond burr keratotomy as would be 

challenging. 

performed  next  in  dogs.  Studies  have 

b)  Anterior  uveitis— inflammation  of  the  iris  and 

shown  longer  healing  times  and 

ciliary body (Figure 36.10a; Box 36.2)

increased  risk  of  developing  a  seques-

i)  As opposed to that in dogs, anterior uveitis in 

trum when this is done. 

cats usually has a serious underlying cause. 

7)  Corneal sequestrum (Figure 36.9)

ii)  A complete ocular examination including fun-

–  Unique to cats. 

dus examination should be performed to look 

–  Clinical  signs  include  blepharospasm 

for  chorioretinitis  lesions  or  panophthalmitis 

and pain, corneal edema, protrusion of 

(hyporeflexive or brown fuzzy areas in tapetal 

third eyelid, and an area of thick black 

area; Figure 36.11). 

pigment, which is the sequestrum. 

iii)  Causes  include  infectious  (feline  infectious 

peritonitis  [FIP],  feline  leukemia  virus 

[FeLV],  feline  immunodeficiency  virus  [FIV], 

(a)

(b)

Figure 36.9  A corneal sequestrum. (a) Note the corneal edema, corneal neovascularization, and black pigment located ventral and medial. (b) Corneal sequestrum involving the majority of cornea. 
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(a)

(b)

Figure 36.10  (a) Anterior uveitis and (b) hypopyon in a cat. 

 Toxoplasma  gondii,  Bartonella  spp.,  fungal, 

Box 36.2  Anterior Uveitis

etc.), sepsis, idiopathic, neoplastic (lymphosar-

1)  Clinical signs include a swollen, “fluffy” iris, aqueous 

coma (LSA), iris melanoma,  metastatic), lens- 

flare, rubeosis iridis, blepharospasm, and a 

induced, 

immune- mediated, 

systemic 

miotic pupil. 

hypertension, coagulopathy, and trauma. 

2)  Always look for retinal lesions. 

iv)  Can  have  a  spectrum  of  inflammation  from 

3)  Most common causes are infectious and neoplastic. 

mild  inflammation  of  the  iris  to  severe 

4)  All cats should have a thorough medical workup. 

hypopyon (Figure 36.10b). 

5)  Treatment includes topical corticosteroids (once a 

v)  Clinical  signs  include  blepharospasm,  photo-

corneal ulcer is ruled out), topical atropine, and 

phobia,  conjunctival  hyperemia,  a  red, 

treating the underlying cause. 

inflamed,  “fluffy”  iris,  prolapsed  nictatans, 

6)  Prognosis is guarded. 

aqueous flare, rubeosis iridis (increased blood 

7)  Can develop secondary glaucoma. 

vessels  in  iris);  hyphema,  hypopyon,  and  a 

miotic pupil due to ciliary spasm. 

vi)  Measure IOP, which will be low (<10 mmHg) 

due to decreased aqueous production in acute 

anterior  uveitis.  In  chronic  or  severe  uveitis, 

the  IOP  can  be  elevated  and  secondary  glau-

coma can be present due to decreased drainage 

(see “Glaucoma” in the following text). 

vii)  The diagnostic plan for any cat presenting with 

anterior  uveitis  includes  viral  serology  (FIV, 

FeLV, FIP), toxoplasmosis titers (IgM and IgG), 

 Bartonella  spp.  titer,  complete  blood  count, 

serum  chemistry  panel,  chest  radiographs  for 

metastatic disease, fungal titers, possible abdom-

inal  ultrasound  for  underlying  neoplasia,  and 

possible aspirates of the aqueous for cytology. 

Figure 36.11  Chorioretinitis in a 6- year- old cat diagnosed with viii)  Treatment includes topical corticosteroids (pred-lymphosarcoma. 

nisone  acetate  1%)  every  6–8  hours  once  a 
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concurrent  corneal  ulcer  is  ruled  out,  topical 

atropine ointment (1%, every 12 hours) if the IOP 

is low, and treating the underlying cause. If the 

IOP is normal or elevated, then atropine is con-

traindicated  (see  “Glaucoma”  in  the  follow-

ing text). 

ix)  If secondary to lens injury, the lens may need to be 

removed  if  the  anterior  uveitis  cannot  be  con-

trolled with medical management or is leading to 

secondary glaucoma for the best chance to pre-

serve  vision.  Referral  to  an  ophthalmologist  is 

warranted to discuss treatment options (medical 

treatment versus enucleation due to potential for 

post- traumatic ocular sarcoma). 

Figure 36.12  Secondary glaucoma. Note the buphthalmia and 

x)  The eye should be reevaluated in 5–7 days to 

fixed, dilated pupil in the right eye. The left eye has anterior 

uveitis.  Source: Reproduced from the  Manual of Canine and Feline determine  the  response  to  treatment  and  to 

 Emergency and Critical Care, 2nd ed., edited by L. King and determine if further therapy is indicated. 

A. Boag. With permission of BSAVA. 

xi)  The prognosis for resolution and vision is more 

guarded due to the prognosis of the underlying 

iv)  The  most  common  clinical  sign  of  secondary 

diseases. Recurrence and secondary glaucoma 

glaucoma is buphthalmos. There will also be a 

are common. 

fixed and dilated pupil with a negative menace. 

c)  Glaucoma— increased IOP (Box 36.3)

Other  less  common  clinical  signs  include 

i)  Normal IOP in cats is 15–25 mmHg. 

blepharospasm,  corneal  edema,  and  scleral 

ii)  Primary or congenital glaucoma is rare in cats, but 

injection. There  can  also  be  a  secondary  lens 

has  been  reported  in  Siamese,  Burmese,  and 

luxation.  The  eye  is  usually  not  painful  if 

Persian cats. 

chronic. 

iii)  Secondary  glaucoma  (Figure  36.12)  is  much 

v)  The  underlying  cause  of  the  secondary  glau-

more common in cats. 

coma may also be seen. 

1)  Causes include anterior uveitis, intraocu-

vi)  Diagnosis  is  based  on  IOP  measurement.  An 

lar neoplasia (lymphosarcoma, iris mela-

IOP measurement of >30 mmHg is suggestive 

noma,  etc.),  anterior  lens  luxation, 

of glaucoma. 

hyphema, and trauma with lens injury. 

vii)  Treatment  involves  treating  the  underlying 

2)  Cats usually present with chronic second-

cause, increasing drainage, and decreasing pro-

ary glaucoma. 

duction of aqueous humor. 

3)  The eye is usually irreversibly blind by the 

viii)  Anterior  lens  luxation  is  a  very  uncommon 

time the animal presents to a veterinarian. 

cause of acute glaucoma in cats. 

ix)  Since acute glaucoma is less common, aggres-

sive emergency treatment to rapidly decreased 

Box 36.3  Glaucoma

IOP  is  typically  not  indicated  as  in  dogs. 

1)  Primary glaucoma is uncommon in cats. 

However, if the eye is painful and there are no 

2)  Secondary glaucoma is more common and due to 

underlying  causes  seen,  then  treatment  for 

anterior uveitis, neoplasia, or trauma. 

acute glaucoma is indicated. 

3)  An IOP of >30 mmHg is suggestive of glaucoma. 

x)  If a cat is presenting with acute glaucoma and 

4)  Cats usually present with chronic secondary 

the IOP is >40 mmHg, emergency treatment is 

glaucoma. 

similar to that for dogs. Drugs used to increase 

5)  The most common sign is buphthalmia. 

drainage  include  mannitol  and  latanoprost. 

6)  The eye is usually irreversibly blind and nonpainful. 

These can be considered as long as there are no 

7)  Treatment for secondary glaucoma includes treating 

signs of inflammation. 

the underlying cause and topical carbonic anhy-

1)  Intravenous  mannitol  at  1–2 g/kg  over 

drase inhibitors. 

20–30 minutes.  This  is  an  osmotic  diu-

8)  Latanoprost may not be as effective in cats. 

retic that increases drainage of the aque-

ous humor. 
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–  Use  cautiously  in  dehydrated  animals 

1)  Enucleation  or  exenteration  (removing 

or  animals  with  renal  or  cardiac  dis-

the entire contents of the bony orbit) is 

ease.  Serum  sodium,  packed  cell  vol-

indicated  on  any  eye  where  intraocular 

ume,  total  solids,  and  renal  values 

neoplasia may be the underlying cause of 

should be checked before giving man-

the glaucoma. 

nitol.  If  moderately  to  severely  dehy-

2)  If primary glaucoma is suspected, then an 

drated, if azotemic, or if the patient has 

ophthalmologist  should  be  consulted  to 

a history of congestive heart failure or 

determine  if  laser  or  cryo  cycloablation 

signs of congestive heart failure, man-

(cyclophotocoagulation) is an option. 

nitol should not be used. 

xiii)  Prognosis  is  dependent  on  underlying  cause 

–  Withhold water for 3–4 hours. 

and response to treatment. 

–  It can significantly decrease IOP within 

xiv)  Feline aqueous humor misdirection glaucoma 

an hour. 

is  another  less  common  cause  of  glaucoma. 

2)  Latanoprost  is  a  prostaglandin  analog 

The aqueous is being directed into the vitreous 

that  has  been  shown  to  significantly 

or  posterior  chamber  instead  of  the  anterior 

decrease IOP in humans, dogs, and horses. 

chamber.  Clinical  signs  include  a  uniformly 

–  It  works  by  increasing  drainage 

shallow  anterior  chamber  and  an  anteriorly 

through  the  alternate  uveoscleral 

displaced  lens.  The  exact  cause  is  unknown, 

route. This route is only responsible for 

but one theory is that there are breaks in the 

about 3% of aqueous drainage in cats. 

anterior  vitreous  space  that  allow  aqueous 

–  It  also  causes  an  intense  miosis,  and 

humor to go into the vitreous cavity. Treatment 

this may be the major factor in increas-

includes  dorzolamide  and  timolol  topically 

ing drainage. 

every 8 hours. Referral to an ophthalmologist is 

–  Studies  have  shown  that  latanoprost 

recommended  for  medical  management.  If 

can decrease the IOP in cats, at least in 

caught  early,  lens  extraction  and  anterior  vit-

the short term. 

rectomy may be an option. 

–  It is contraindicated if there is an ante-

d)  Proptosis— forward  displacement  of  the  globe 

rior  lens  luxation  and  should  not  be 

with  the  eyelid  margins  caudal  to  the  globe 

used  if  there  is  an  anterior  uveitis  or 

(Figure 36.13). 

feline aqueous misdirection syndrome 

i)  It occurs secondary to head trauma, most com-

(see in the following text). 

monly  secondary  to  hit  by  car,  bite  wounds, 

xi)  Drugs  that  decrease  aqueous  production  are 

high- rise syndrome, or blunt- force injuries. 

more commonly used in feline glaucoma. 

1)  Dorzolamide  2%  topically  every 

8–12 hours.  This  is  a  topical  carbonic 

anhydrous  inhibitor  that  has  fewer  side 

effects than the systemic carbonic anhy-

drous inhibitors. 

2)  Timolol  0.5%  topically  every  8–12 hours 

(for  timolol).  This  is  a  beta  blocker;  it 

should  be  used  cautiously  in  cats  with 

asthma or heart disease due to the poten-

tial of an increase in airway smooth mus-

cle  tone  and  bronchoconstriction  and 

bradycardia. 

xii)  Medical management should be attempted and 

may maintain a normal IOP and comfortable 

eye. Due to the chronic nature of glaucoma in 

cats, if medical management has failed and if 

the  eye  is  irreversibly  blind  and  painful,  sur-

Figure 36.13  Severe proptosis. This cat presented after being gery may be the best option. 

hit by a car. He also sustained a symphyseal mandibular fracture. 

This eye was eventually enucleated after the cat was stabilized. 
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1)  The amount of force required to proptose 

3)  A lateral canthotomy is performed. 

a cat’s eye is much greater than the more 

4)  The globe should be gently flushed with 

common brachycephalic dog. This means 

sterile saline. 

there  is  usually  significant  head  trauma 

5)  Using  2- 0  nylon,  about  0.5–1 cm  away 

with other injuries along with the prop-

from  the  lid  margins,  a  stay  suture  is 

tosed eye. 

placed  in  the  upper  and  lower  lids. 

ii)  Must  treat  and  manage  head  trauma  before 

Another  option  is  using  Allis  or  Brown 

attempting surgery for the eye. 

Adson tissue forceps. 

iii)  Apply  sterile  lubricant  every  1–2  hours 

6)  A generous amount of sterile lubricant is 

(Optixcare®,  artificial  tears)  ±  topical  erythro-

placed on the globe. 

mycin while waiting for surgery to prevent the 

7)  While  lifting  out  and  up  on  the  stay 

globe from drying out. 

sutures  or  forceps,  the  globe  is  gently 

iv)  The two options for any proptosed eye include 

pushed back into the orbit using a scal-

enucleation or replacement with tarsorrhaphy. 

pel handle. 

1)  The decision is based on integrity of the 

8)  The  stay  sutures  (or  tissue  forceps)  are 

globe and extraocular muscles and owner 

crossed and held or eyelids kept together 

compliance. 

to prevent reproptosis. 

2)  The  prognosis  for  return  of  vision  is 

9)  Using 3- 0 to 4- 0 nylon or silk suture and 

guarded to poor in a proptosed eye; it is 

tension- relieving  stents,  horizontal  mat-

replaced for cosmetic reasons only. 

tress  sutures  are  placed  as  shown  in 

3)  If  there  is  a  penetrating  wound  in  the 

Figure 36.14. 

globe, the majority (more than two) of the 

10) Pieces  of  intravenous  tubing,  extension 

extraocular muscles are avulsed, there is 

sets,  sterile  rubber  bands,  or  red  rubber 

infected  tissue,  or  the  owners  would  be 

catheters can be used for the stents. 

unable  to  medicate,  then  enucleation  is 

11) The medial canthus is left open to allow 

the best option. 

placement of medications. 

4)  If the globe is intact, the majority of the 

12) The  lateral  canthotomy  is  closed  using 

extraocular  muscles  are  intact  (still 

4- 0 braided absorbable suture or silk in a 

attached  to  the  sclera)  and  healthy  and 

simple interrupted pattern. 

the  owners  are  able  to  medicate  yet 

13) Aftercare  is  crucial  to  prevent  infection 

understand that enucleation may still be 

and inflammation. 

needed,  then  replacement  with  tarsor-

–  Topical  antibiotics— tobramycin  or 

rhaphy can be performed. 

gentamicin  0.3%  solution  or  a  fluoro-

v)  Replacement  of  the  globe  with  temporary 

quinolone every 6 hours. 

tarsorrhaphy

–  Topical  atropine  solution  1%  every 

1)  The cat should be placed under general 

12 hours. 

anesthesia  once  it  is  deemed  systemi-

–  Systemic  antibiotics— amoxicillin–cla-

cally stable. 

vulanic acid twice a day for 7–10 days or 

2)  The periorbital area is clipped and gently 

marbofloxacin (5 mg/kg once a day). 

scrubbed with betadine solution. 

Figure 36.14  Suture and stent placement for replacement and tarsorrhaphy. The suture should go through a stent, enter 6–8 mm away from the upper eyelid margin, exit through the Meibomian glands, enter the lower lid Meibomian glands, and exit 6–8 mm away from the lower eyelid margin,. The needle then goes back in the reverse direction forming a horizontal mattress suture. Rubber bands, IV tubing, or French red rubber catheters can be used for stents. 
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–  Short,  weaning  course  of  anti- 

dislodge  the  foreign  body.  May  need  to 

inflammatory  doses  of  corticosteroids 

place  1–2  drops  of  a  topical  anesthetic 

(0.5 mg/kg  orally  twice  a  day  for 

(proparacaine  0.5%)  for  the  cat  to 

1–2 days, then once a day for 2 days, 

allow this. 

then  every  other  day  for  two  treat-

2)  If this is unsuccessful, the next technique 

ments). If corticosteroids are contrain-

will most likely require sedation. 

dicated, then an NSAID should be used 

3)  If in the conjunctiva, try to remove it with 

instead  (robenacoxib  1 mg/kg  every 

small forceps. If it will not dislodge, the 

24 hours for 3 days). 

area of conjunctiva that is affected may be 

–  E  collar  must  be  worn  until  suture 

removed,  if  small  enough,  with  the  for-

removal. 

eign body. 

14) Remove sutures in 14–21 days. 

4)  Treat the conjunctival wound with topi-

15) Post- replacement 

complications/

cal antibiotics (erythromycin 0.3%) every 

sequelae

6–8 hours for 1 week. If there is signifi-

–  Infection/abscess. 

cant inflammation or infection, then sys-

–  Reproptosis. 

temic antibiotics should be started as well 

–  Exposure  keratitis— the  cornea  loses 

(amoxicillin–clavulanic  acid  15 mg/kg 

innervation and thus is susceptible to 

orally  twice  a  day  for  1  week).  The  eye 

irritation. 

should be rechecked in 1 week. 

–  Dorsolateral  strabismus— may  correct 

5)  If in the cornea, can try to lift the foreign 

itself over time. 

body  out  of  the  cornea  using  a  cotton 

–  May  require  a  permanent  partial  tar-

swab  or  25- gauge  needle,  being  careful 

sorrhaphy if persistent corneal disease. 

not to push it deeper into the cornea. 

–  May  ultimately  need  enucleation  if 

6)  Fluorescein stain the cornea once the for-

complications occur. 

eign body is removed. 

vi)  Enucleation— consult  a  surgery  text  for 

7)  Treat  the  remaining  corneal  ulcer  with 

descriptions  and  methods  of  enucleation. 

topical  antibiotics  (erythromycin  0.3% 

The  most  important  aspect  to  remember 

every 8 hours) and topical atropine (1%) 

about enucleation in cats is that their optic 

ointment or solution every 12 hours then 

chiasm is very short compared to dogs. When 

prn if there is a reflex uveitis for 7–14 days 

transecting  the  extraocular  muscles  off  the 

if  superficial.  An  E  collar  should  be 

sclera and lifting the eye out of the orbit, if 

placed. The  eye  should  be  rechecked  in 

the eye is pulled out too vigorously or far, the 

3–5 days and then weekly until resolved. 

optic  chiasm  can  be  stretched  to  a  point 

8)  If the foreign body spans most of the cor-

where the contralateral eye becomes blind. 

nea  or  penetrates  the  cornea  into  the 

e)  Ocular foreign body

anterior  chamber,  then  the  cornea  may 

i)  The most common ocular foreign bodies are 

need  to  be  sutured  and  a  conjunctival 

little  pieces  of  wood,  grass  awns,  or  sticks 

graft  may  be  needed  once  the  foreign 

that  get  imbedded  in  the  conjunctiva 

body  is  removed.  Consultation  with  an 

or cornea. 

ophthalmologist is recommended. 

ii)  Clinical  signs  include  blepharospasm,  con-

f)  Acute blindness (Box 36.4)

junctival  hyperemia,  and  corneal  edema 

i)  Determine if it is truly acute or if it appears 

around the foreign body if it is in the cornea. 

acute to owner but actually is a chronic pro-

iii)  Will most likely need to place a topical anes-

cess (i.e., progressive retinal atrophy). 

thetic agent (proparacaine 0.5%) in the eye to 

ii)  Causes include retinal detachment, panuvei-

allow visualization of the entire globe. 

tis,  anterior  uveitis,  enrofloxacin,  taurine 

iv)  Will most likely see the foreign body in the 

deficiency, encephalitis (i.e., FIP), optic neu-

conjunctiva or cornea. 

ritis,  cerebral  vascular  event,  brain  tumor, 

v)  Techniques  to  dislodge  the  foreign  body 

retinal hemorrhage, and glaucoma. 

depend on the depth of the penetration. 

iii)  Clinical signs include fixed and dilated pupils 

1)  First,  try  flushing  copious  amounts  of 

(Figure  36.15)  and  a  negative  menace 

sterile  eyewash  or  sterile  saline  to 

response. Other clinical signs are dependent 
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v)  Retinal detachment is a very common cause 

Box 36.4  Acute Blindness

of acute blindness in cats and is discussed in 

1)  Clinical signs include dilated pupils with nega-

the following text. 

tive menace. 

vi)  Enrofloxacin  causes  a  nonreversible  retinal 

2)  Can be due to primary ocular disease (e.g., glau-

degeneration. Fundic exam will reveal tapetal 

coma), primary neurologic disease (e.g., brain tumor), 

hyper- reflectivity  and  vascular  attenuation. 

or systemic disease (e.g., infectious). 

This may be due to a difference in a carrier 

3)  A common cause of acute blindness is retinal 

protein causing rapid damage to the retina in 

detachment secondary to systemic hypertension. 

cats.  Doses  should  not  exceed  5 mg/kg 

a)  The retina can reattach and vision may return if 

once a day. 

the underlying cause can be treated successfully. 

vii) Diagnostic  tests  include  IOP  measurement, 

4)  Can visualize detached retina with focal penlight 

complete blood count, serum chemistry panel, 

source directed through the pupil. 

thyroid hormone level, urinalysis, and indirect 

5)  Always perform an indirect systemic blood pressure 

systemic  blood  pressure  measurement.  Once 

measurement. 

systemic hypertension and glaucoma are ruled 

6)  If not hypertensive, then a more aggressive medical 

out, more extensive diagnostic tests, including 

workup searching for infectious and neoplastic 

viral serology (FIV, FeLV, FIP), toxoplasmosis 

causes is warranted. 

titers (IgM and IgG), chest radiographs to rule 

7)  Enrofloxacin can cause an irreversible retinal 

out  metastatic  disease,  and  abdominal  ultra-

degeneration. 

sound to rule out neoplasia may be indicated. 

Likewise, if primary neurologic disease is sus-

pected, a cerebrospinal fluid tap and magnetic 

resonance imaging (MRI) may be indicated. 

viii) Prognosis is dependent on underlying cause 

(e.g., grave for FIP encephalitis) and whether 

the retinal lesions can resolve. 

g)  Retinal detachment— retinal pigment epithelium 

separates from photoreceptors. 

i)  Clinical signs include fixed and dilated pupils 

and negative menace response. May be uni-

lateral or bilateral. 

ii)  An  indirect  or  direct  lens  is  usually  not 

required to diagnose a detached retina. It can 

usually be seen with a focal penlight source 

directed through the pupil. An indirect lens 

can then be used to fully evaluate the fundus. 

iii)  The  retina  will  be  “ballooning”  out  and  in 

Figure 36.15  A 16- year- old cat that presented with a 2- day multiple  planes  (Figure  36.16).  The  vessels 

history of acute blindness. Note the bilateral fixed and 

will not be on a smooth surface. May also see 

dilated pupils. 

retinal hemorrhages. 

iv)  The most common cause of retinal detach-

on the underlying cause (i.e., negative menace 

ment is systemic hypertension. Other causes 

but possible positive PLR and neurologic signs 

include  infectious  (FeLV/FIV/FIP/fungal), 

[e.g.,  cortical  blindness]  versus  signs  of 

neoplastic (lymphosarcoma), and trauma. 

anterior uveitis, glaucoma, etc.). Kittens will 

v)  If systemic hypertension is present (Doppler 

have  a  negative  menace  response  until 

blood pressure usually >200 mmHg), amlodi-

10–12 weeks of age. 

pine (Norvasc 0.625 mg once a day) should be 

iv)  A  thorough  fundic  examination  should  be 

started. 

performed in any animal that presents with 

vi)  If due to systemic hypertension, the progno-

blindness.  Look  for  evidence  of  retinal 

sis for vision is fair to guarded. The retina can 

detachment,  chorioretinitis  (Figure  36.11), 

reattach and vision can return once systemic 

optic neuritis, or papilledema. 

blood pressure is under control. 
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touches the cornea, and visualizing the lens 

in the anterior chamber. If the lens is sublux-

ated, may see an aphakic crescent (the lens is 

shifted  down  or  to  one  side,  so  there  is  an 

area  of  pupil  where  there  is  no  lens 

(Figure 36.17)). There may also be signs con-

sistent with anterior uveitis and/or glaucoma. 

iii)  Primary lens luxation is very uncommon in 

cats,  but  can  occur  due  to  senile  zonular 

degeneration. 

iv)  Secondary lens luxation is more common and 

is due to chronic uveitis, chronic glaucoma, or 

trauma. Causes of uveitis should be ruled out. 

v)  Glaucoma  secondary  to  anterior  lens  luxa-

tion  is  less  common  in  cats  as  opposed  to 

dogs due to a deeper anterior chamber. 

vi)  Surgery to remove the lens is not usually rec-

ommended in a secondary lens luxation, since 

Figure 36.16  The fundus in the cat in Figure 36.8. Note the the lens is not the primary problem. If there is 

ballooning out of the retina in multiple planes. His systemic 

a primary lens luxation and the eye is visual, 

blood pressure was 280 mmHg.  Source: Photograph courtesy of Dr. Mary Lassaline. 

then surgery to remove the lens may be rec-

ommended.  There  is  still  the  potential  for 

post- intraocular  surgery  glaucoma  and 

vii) Other  causes  of  retinal  detachment  have  a 

intraocular sarcoma (see in the following text). 

more guarded prognosis. 

j)  Prolapsed nictatans

h)  Chemical injury

i)  True  prolapsed  nictatans  or  third  eyelid 

i)  The most common causes are topical prod-

gland or “cherry eye” is uncommon in cats, 

ucts  (shampoos,  flea  treatments,  etc.)  that 

but requires surgery to replace the third eye-

accidentally get into the eye (Figure 36.4). 

lid gland as in dogs. There is one report that 

ii)  Smoke secondary to being in a house fire can 

suggested  a  Burmese  breed  predilection 

also  lead  to  severe  chemical  injury  to  the 

(Figure 36.18); however, it is now reported in 

corneas. 

other  breeds.  As  in  dogs,  it  is  not  a  true 

iii)  It leads to diffuse corneal irritation and abra-

emergency. 

sions to ulcers. Other clinical signs include 

chemosis and conjunctivitis. 

iv)  Treatment  includes  flushing  the  eyes  out 

with copious amounts of sterile saline, sterile 

lactated Ringer’s solution or sterile eyewash, 

and  topical  antibiotics  (erythromycin  0.3% 

every 6–8 hours). Topical atropine ointment 

(1%  every  12 hours  then  prn)  should  be 

started if there is a reflex uveitis and miosis 

present. An E collar should be placed. 

v)  The eye should be rechecked every 5–7 days 

to  determine  response  to  treatment,  and 

medications  should  be  continued  until  the 

injury is healed. 

i)  Anterior lens luxation

i)  Due to stretching of the zonules that suspend 

the lens. 

ii)  Clinical  signs  include  abnormal  depth  to 

Figure 36.17  An anterior lens luxation.  Source: Photograph anterior chamber, corneal edema if the lens 

courtesy of Dr. Andras Komaromy. 
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Figure 36.18  Bilateral cherry eye in a Burmese cat. Source: Photograph courtesy of Dr. Steve Gross. 

ii)  Clinical  signs  include  a  red  eye  and  an 

enlarged,  prolapsed  third  eyelid  gland. The 

edge of the third eyelid will not be visible. 

iii)  Cats can have prolapsed nictatans very com-

monly  secondary  to  a  variety  of  diseases 

Figure 36.19  A corneal laceration. Note the corneal edema. A twig caused this cat’s laceration.  Source: Reproduced from the including  dehydration,  loss  of  orbital  fat 

 Manual of Canine and Feline Emergency and Critical Care, 2nd ed., (especially  in  geriatric  cats),  and  anything 

edited by L. King and A. Boag. With permission of BSAVA. 

that produces pain. 

iv)  “Haws,” or a prolapsed nictatans secondary 

to a disparity of sympathetic innervation, can 

v)  The  eye  should  be  rechecked  in  1  week.  If 

be  caused  by  gastrointestinal  (GI)  disease, 

uncomplicated, the laceration should heal in 

especially parasites,  C. felis, or herpes infec-

1–2 weeks. 

tion. Horner’s syndrome can also be seen. A 

vi)  If a deep or full- thickness laceration is pre-

drop of phenylephrine can be used to diag-

sent, then surgery to debride the edges and 

nose  neurologic  causes  if  the  nictatans 

then suture the cornea with 6- 0 to 9- 0 absorb-

returns  to  normal  position.  This  usually 

able (polyglactin or braided) may be needed. 

spontaneously resolves in 4–6 weeks. 

This may need to be followed with a conjunc-

v)  This should be differentiated from a true pro-

tival graft. 

lapsed third eyelid gland where the cartilage 

vii) If the owners are financially unable to have 

is prolapsed. 

surgery performed or surgery cannot be per-

k)  Corneal laceration

formed in the near future, then treat aggres-

i)  Due to trauma. 

sively  similar  to  a  perforated  corneal 

ii)  Clinical signs depend on the depth of the lac-

ulcer— topical fluoroquinolone every 2 hours, 

eration and include corneal edema, blepha-

topical  atropine  solution  (1%)  every  6–8 

rospasm,  conjunctival  hyperemia,  anterior 

hours,  systemic  antibiotics  (amoxicillin–cla-

uveitis  (either  secondary  or  primary  if  the 

vulanic acid 15 mg/kg every 12 hours or doxy-

laceration  is  full  thickness),  and  visualiza-

cycline  5 mg/kg  every  12 hours  or  10 mg/kg 

tion of the laceration (Figures 36.5 and 36.19). 

orally every 24 hours in a pill pocket or as a 

iii)  Treatment is also dependent on the depth of 

suspension), and systemic nonsteroidal anti- 

the laceration. 

inflammatory  medications  (robenacoxib 

iv)  If a superficial laceration, treat with topical 

1 mg/kg once a day for 3 days). An E collar 

antibiotics  (erythromycin  0.3%  OR  gen-

should be placed, The eye should be rechecked 

tamicin  0.3%)  every  6  hours  and  topical 

every 1–2 days to monitor response to treat-

atropine ointment (1%) every 12 hours. An 

ment initially to ensure that the cornea has 

E collar should be placed. 

sealed and then weekly until resolved. 
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viii) If  the  anterior  lens  capsule  was  disrupted 

every 12 hours). The eye should be rechecked 

when the laceration occurred (may see tract 

in 5–7 days. 

of  fibrin  in  anterior  chamber  or  fibrin  on 

v)  If  deep  or  full  thickness,  then  surgery  to 

lens), then a tapering dose of systemic anti- 

reappose  the  eyelid  margins  is  needed 

inflammatory  doses  of  corticosteroids, 

(Figure 36.20). 

instead of NSAIDs, is warranted due to the 

vi)  A simple interrupted pattern is used with 4- 0 

stronger  anti- inflammatory  properties.  An 

to 7- 0 absorbable suture (braided or polyglac-

extreme  and  intense  anterior  uveitis  can 

tin) in the subconjunctiva and then skin. 

occur and the owner should be warned that 

vii)  Extreme  care  must  be  taken  to  align  the 

the lens may need to be removed in the future 

Meibomian  glands  on  both  sides  of  the 

if the eye does not respond to medical man-

wound. Once in place, the sutures must not 

agement  or  if  secondary  glaucoma  occurs. 

touch or rub against the cornea. 

The eye should be rechecked every 1–2 days 

viii)  Topical and systemic antibiotics as described 

to monitor response to treatment. Due to the 

in the earlier text are then instituted. 

potential  development  of  post- traumatic 

ix)  An Elizabethan collar should always be used. 

ocular  sarcoma  (see  in  the  following  text), 

x)  The eye should be rechecked in 3–5 days and 

enucleation may be warranted. 

the cornea fluorescein stained to ensure that 

ix)  An Elizabethan collar should also be used. 

the sutures are not irritating the cornea. 

l)  Eyelid laceration

xi)  If  the  eyelid  laceration  involves  the  medial 

i)  Due to trauma, for example, bite wounds. 

canthus  and  nasolacrimal  system,  an  oph-

ii)  Clinical signs depend on depth and cause of 

thalmologist should perform the repair. 

laceration and include blood at the site of the 

m)  Hyphema— blood  in  the  anterior  chamber 

injury,  blepharospasm,  and  pawing  at 

(Figure 36.21)

the eye. 

i)  Can see flecks of blood to a pool of blood in 

iii)  Treatment  depends  on  the  depth  of  the 

the ventral aspect of the anterior chamber, to 

laceration. 

the entire chamber filled with blood. 

iv)  If very superficial and the eyelid margins are 

ii)  Causes  include  trauma,  coagulapathy 

apposed normally, then can treat as a super-

(thrombocytopenia  or  clotting  factor  defi-

ficial  wound  with  topical  (erythromycin 

ciency), or neoplasia (e.g., LSA). 

0.3% every 6–8 hours) and systemic antibiot-

iii)  May also be secondary to anterior uveitis or 

ics  (amoxicillin–clavulanic  acid  15 mg/kg 

systemic hypertension. 

5

4

Meibomian gland

6

3

7

2

1

Conjunctiva

1)  Enter eyelid about 3-4 mm away from margin

2)  Exit through the middle of the eyelid width

3)  Enter other eyelid (other part of laceration) about 2-3 mm from the margin 4)  Exit through Meibomian glands

5)  Enter first eyelid through Meibomian glands

6)  Exit through middle of eyelid width

7)  Enter and exit other eyelid about 3-4 mm away from margin

Figure 36.20  Eyelid laceration repair. Enter the eyelid about 3–4 mm away from the margin. Exit through the middle of the eyelid width. Enter the other eyelid about 2–3 mm from the margin. Exit through the Meibomian glands. Enter first eyelid through the Meibomian glands. Exit through middle of eyelid width. Enter and exit other eyelid about 3–4 mm away from the margin. 
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topical dorzolamide and topical timolol (see 

“Glaucoma”  in  the  earlier  text)  should  be 

started at three times a day. The eye should 

be rechecked in 1–2 days. If the IOP is low or 

low- normal, the eye should be rechecked in 

5–7 days. 

vi)  The  blood  in  the  anterior  chamber  will 

slowly resorb over days to weeks if the cause 

of the bleeding can be controlled. Injection 

of  “clot  busters  (tissue  plasminogen  activa-

tor)”  into  the  anterior  chamber  can  have 

multiple  complications  and  should  be  dis-

cussed with an ophthalmologist. 

Figure 36.21  Hyphema— trauma, coagulapathy, and neoplasia 

n)  Conjunctivitis— inflammation of the conjunctiva 

are the most common causes of hyphema. This cat also had 

(Figure 36.22)

thrombocytopenia and mesenteric lymphadenopathy secondary 

i)  Clinical  signs  include  purulent  ocular  dis-

to lymphosarcoma.  Source: Reproduced from the  Manual of Canine and Feline Emergency and Critical Care, 2nd ed., edited by charge, blepharospasm, swollen and red con-L. King and A. Boag. With permission of BSAVA. 

junctiva,  conjunctival  hyperemia,  and 

chemosis.  There  may  be  signs  consistent 

with  an  upper  respiratory  infection  (e.g., 

iv)  Need  to  look  for  other  signs  of  trauma  or 

nasal  discharge  and  sneezing).  Systemic 

coagulapathy/bleeding. 

signs  such  as  fever,  lethargy,  and  anorexia 

v)  If no other signs of trauma, then diagnostic 

may also be noted. 

tests  include  complete  blood  count,  serum 

ii)  In cats, as opposed to dogs, it is almost always 

chemistry panel, full coagulation panel, sys-

secondary to an infectious cause. 

temic blood pressure measurement, and pos-

iii)  Common infectious agents that lead to con-

sibly diagnostic tests for anterior uveitis (see 

junctivitis  include  FHV- 1,  C.  felis,  and 

in the earlier text). 

 Mycoplasma spp. 

vi)  Ultrasound of the eye may also diagnose an 

iv)  Treatment includes topical antibiotics (eryth-

intraocular mass. 

romycin 0.3%) every 6–8 hours for 7–14 days 

vii)  An IOP measurement should be taken due to 

and  supportive  care.  Doxycycline  (5 mg/kg 

the potential of secondary glaucoma. 

every  12 hours  or  10 mg/kg  orally  every 

viii)  Treatment  involves  treating  the  underlying 

24 hours for 21 days in a pill pocket or as a 

cause.  If  anterior  uveitis  is  suspected,  then 

suspension) can be considered as well. 

treat as described in the earlier text. If sec-

ondary  to  intraocular  neoplasia,  then  enu-

cleation or exenteration is warranted. 

ix)  Topical corticosteroids (prednisolone acetate 

1%) can be used three times a day once a cor-

neal ulcer is ruled out. If secondary to trauma, 

and  there  is  also  periocular  hemorrhage/

swelling where the eyelids cannot close and 

protect the cornea, do not use topical corti-

costeroids. Atropine ointment twice a day can 

be used if the IOP is low or low- normal (i.e., 

due to anterior uveitis). Atropine is contrain-

dicated if the IOP is normal or elevated. 

x)  Prognosis  is  dependent  on  the  underly-

ing cause. 

xi)  The  eye  must  be  monitored  to  ensure  that 

secondary glaucoma is not occurring. If the 

Figure 36.22  Conjunctivitis in a 4- month- old Siamese cat. He initial  IOP  is  high  or  high- normal,  then 

also had nasal discharge and sneezing. 

[image: Image 136]
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v)  Topical antiviral medications (cidofovir 0.5% 

every 12 hours; idoxuridine 0.1% OR trifluri-

dine  1%  compounded  at  a  pharmacy  every 

6–8  hours)  can  be  used  for  1–2  weeks  if 

FHV- 1 is suspected. 

vi)  Famciclovir,  a  systemic  antiviral  medica-

tion,  can  be  used  in  adult  cats  with  sus-

pected FHV- 1. The dose is 40–90 mg/kg two 

to three times a day. It is metabolized by the 

liver  and  excreted  through  the  kidneys; 

thus,  patients  must  have  normal  liver  and 

kidney function. 

vii) l- lysine (250 mg orally every 12 hours in kit-

tens, 500 mg every 12 hours in adult cats with 

food)  has  also  been  advocated  to  decrease 

viral replication. 

Figure 36.23  Placement of a #11 blade to lance a tooth root abscess. 

o)  Exophthalmos— abnormal  protrusion  of  globe 

(i.e., globe is pushed forward)

i)  Causes  include  a  retrobulbar  abscess  or 

retrobulbar mass

–  Systemic  antibiotics  (amoxicillin–cla-

1)  Retrobulbar abscess

vulanic acid 15 mg/kg every 12 hours) 

–  Clinical signs include pain on opening 

are prescribed for 14 days. 

the mouth, pain on retropulsion of the 

–  If the retrobulbar abscess is secondary 

eye, facial asymmetry, exposure kerati-

to a tooth root abscess, then extraction 

tis  and  secondary  corneal  ulcer,  and 

of the tooth may be needed. 

prolapsed nictatans. A red or swollen 

2)  Retrobulbar mass

area behind the last upper molar may 

–  Clinical signs include decreased ability 

be seen. 

to  retropulse  the  eye,  prolapsed  nicta-

–  Systemic signs such as anorexia, leth-

tans, blindness, exposure keratitis with 

argy, and fever may also be seen. 

secondary  corneal  ulcer,  and  possible 

–  One of the most common causes of a 

retinal  changes.  There  is  usually  NO 

retrobulbar  abscess  is  a  tooth  root 

pain when opening the mouth. 

abscess. A swelling ventral to the eye 

–  Ultrasound  of  the  eye  and/or  com-

with  or  without  a  draining  tract  may 

puted tomography (CT) scan can help 

be seen. 

diagnose and delineate the mass. 

–  Treatment involves establishing drain-

–  Chest  radiographs  should  be  per-

age under general anesthesia if there is 

formed if neoplasia is suspected. 

a swelling caudal to the last molar. It is 

–  A  needle  aspirate  may  be  feasible  to 

safer to use ultrasound to guide place-

diagnose the cause of the mass. 

ment  of  the  blade  and  hemostats.  A 

–  Exploratory orbitotomy may be needed 

#11 blade is used to make an incision 

for surgical removal of the mass. 

in  the  mucosa  behind  the  last  upper 

–  Prognosis is dependent on the type of 

molar tooth (Figure 36.23). The tips of 

neoplasia. Types of neoplasia reported 

mosquito  hemostats  are  then  gently 

include  squamous  cell  carcinoma, 

pushed into the incision and opened to 

fibrosarcoma, lymphosarcoma, menin-

create  drainage  of  the  abscess.  Must 

gioma, and osteosarcoma/osteoma. 

beware of maxillary artery. An aerobic 

p)  Keratoconjunctivitis sicca (KCS)— decreased tear 

and  anaerobic  culture  and  sensitivity 

production  with  secondary  inflammation  of  the 

should  ideally  be  submitted.  Sterile 

conjunctiva and cornea

saline can then be used to gently flush 

i)  KCS is not common in cats as in dogs. 

the wound and abscess. 

ii)  Clinical  signs  include  blepharospasm, 

mucoid to mucopurulent discharge, a visibly 
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dry  cornea,  conjunctival  hyperemia,  mild 

5)  Topical antiviral medications (e.g., idoxuri-

corneal  opacification,  conjunctivitis,  and 

dine solution 0.1% compounded at a phar-

possibly a secondary corneal ulcer. 

macy  every  6–8 hours  or  cidofovir  0.5% 

iii)  It  is  diagnosed  based  on  Schirmer  tear  test 

every 12 hours) should be started if feline 

results  (<5 mm/min)  and  clinical  signs. 

herpes infection is thought to be the under-

Normal  Schirmer  tear  test  is  17 mm/min. 

lying cause. 

However, cats with normal tear production 

6)  Some ophthalmologists will use a topical 

can have low Schirmer tear test results (less 

antibiotic–steroid combination if there is 

than  5 mm/min),  thus  diagnosis  is  based 

no corneal ulcer yet chronic disease pre-

mostly on clinical signs. 

sent. This must be done very cautiously as 

iv)  Fluorescein  stain  should  then  be  used  to 

corticosteroids can cause a latent herpes 

diagnose and delineate a corneal ulcer. 

infection to become active. 

v)  The most common cause of KCS is chronic 

q)  Post- traumatic ocular sarcoma

conjunctivitis secondary to FHV- 1 infection. 

i)  Extremely malignant intraocular neoplasia. 

vi)  It  can  also  be  secondary  to  other  causes  of 

ii)  Thought  to  be  secondary  to  ocular  trauma, 

chronic conjunctivitis, sulfa drugs, anesthe-

intraocular  surgery  especially  involving  the 

sia,  trauma,  otitis  interna,  surgical  removal 

lens, trauma to lens, and chronic uveitis. 

of the gland, or idiopathic. 

iii)  Typically occurs years after inciting event. 

vii) Treatment  involves  protecting  the  cornea, 

iv)  Clinical signs include blepharospasm, anterior 

treating the underlying cause, and treating a 

uveitis,  secondary  glaucoma,  hyphema,  and 

secondary corneal ulcer if present. 

intraocular mass(es) with change in eye color. 

1)  The most important treatment is an artifi-

v)  Can  use  ocular  ultrasound  to  help  diagnose 

cial tear preparation every 4–6 hours. 

an intraocular mass. 

2)  There  are  longer- acting  artificial  tear 

vi)  The neoplasia will invade the optic nerve and 

solutions and ointments that can be used. 

retina and can metastasize to regional lymph 

3)  Topical cyclosporine (0.2%) or topical tac-

nodes and distant sites. It typically recurs in 

rolimus (0.02%) every 12 hours to decrease 

the orbit post enucleation. 

immune- mediated  destruction  of  lacri-

vii) Chest  radiographs  to  rule  out  pulmonary 

mal glands. This can be started on a trial 

metastasis are recommended. 

basis for 1 month to see if there is resolu-

viii)   Three subtypes reported are spindle cell sar-

tion of clinical signs. 

coma, round cell neoplasia, and osteosarcoma 

4)  Topical  antibiotics  (erythromycin  0.3%) 

or chondrosarcoma. 

every  6–8  hours  if  secondary  corneal 

ix)  Enucleation is recommended. 

ulcer  present  and  to  prevent  secondary 

x)   Prognosis  is  guarded  to  poor  for  long- term 

bacterial infections. 

survival. Median survival is 7–11 months. 
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37

Dermatologic Emergencies

 Kathryn A. Rook and Jill L. Abraham

UNIQUE FEATURES



● Many skin diseases present with similar clinical signs. A thorough dermatologic history, dermatologic exam, and initial dermatologic tests, such as flea combing, skin and/or ear cytology, skin scrapings, and fungal culture, may help rule in or rule out common disorders and guide the need for further workup, treatment, or referral. The most common skin diseases encountered in cats are bite- wound abscesses or other traumas, ectoparasite infections, dermatophytosis, and allergies such as flea- bite allergy, food allergy, and atopic dermatitis. 

A)  Overview,  common  presenting  complaints,  and  clini-

degloving  injuries,  etc.),  may  predispose 

cal signs

to sepsis. 

a)  Overview

iv)  Wear  gloves  when  handling  any  cat  with  skin 

i)  Many skin diseases present with similar clini-

lesions, as some diseases have zoonotic potential. 

cal signs, so the diagnosis may not be apparent 

v)  Most skin disorders are not life- threatening, but 

based  solely  on  the  history  and  dermatologic 

may  significantly  impact  patient  comfort  and 

exam findings. Basic dermatologic tests allow 

quality  of  life,  and  disrupt  the  human–ani-

for  immediate  identification  of  secondary 

mal bond. 

infections  or  ectoparasites  and  guide  initial 

b)  Presenting complaints and clinical signs

treatment until further workup can be provided. 

i)  Pruritus

ii)  A  basic  dermatologic  diagnostic  workup 

1)  An  unpleasant  sensation  that  provokes  the 

includes:

desire to scratch. 

1)  Skin  scrapings  (deep  and  superficial)  for 

–  Manifests  as  licking,  scratching,  biting, 

ectoparasites. 

chewing, or excessive grooming. 

2)  Skin  cytology  for  bacterial  and   Malassezia 

–  Some cats hide to lick and scratch, so own-

infections. 

ers do not perceive that their cats are itchy. 

3)  Ear  cytology  and  ear- mite  preps  in  cases 

2)  Dermatologic exam may reveal:

of otitis. 

–  Broken hairs and alopecia. 

4)  Fungal culture for dermatophytes. 

–  Erythema and excoriations. 

5)  Trichogram  for  dermatophytes  and 

–  Crusts, erosions, and ulcers. 

ectoparasites. 

3)  Seasonal  pruritus  can  be  due  to  allergies  to 

6)  Wood’s 

lamp 

examination 

for 

outdoor allergens (e.g., pollens). 

dermatophytes. 

4)  Non- seasonal  pruritus  can  be  due  to  food 

7)  Historical,  clinical,  and  laboratory  findings 

allergy  or  allergies  to  indoor  allergens  (e.g., 

will guide the need for additional tests such 

house dust mites). 

as bacterial cultures and skin biopsies. 

5)  Ectoparasites  (fleas,  Cheyletiella,  Notoedres, iii)  Severe  compromise  to  the  barrier  function  of 

 Demodex  gatoi,  etc.),  flea  allergy  dermatitis, 

the skin, as occurs with generalized ulcerative 

and secondary bacterial infections can cause 

dermatoses,  burns,  or  trauma  (bite  wounds, 

seasonal or non- seasonal pruritus. 
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–  Caudal–dorsal  distribution  of  pruritus  is 

–  Eosinophilic granulomas

seen  most  commonly  with  flea  allergy 



●

Linear cutaneous granulomas. 

dermatitis. 



●

Oral granulomas. 

–  Facial distribution is seen most commonly 



●

Chin edema (“fat chin” syndrome). 

with  Notoedres. 



●

Interdigital granulomas. 

6)  Less common causes of pruritus include:

–  Indolent (rodent) lip ulcers (Figure 37.2). 

–  Dermatophytosis. 

–  Pemphigus foliaceus. 

–  Overgrooming  secondary  to  hypert- 

hyroidism. 

–  Cutaneous adverse drug reactions. 

7)  Most  causes  of  pruritus  are  dermatologic 

rather than behavioral in origin. 

–  Self- trauma  can  perpetuate  the  itch–

scratch cycle. 

ii)  Alopecia

1)  The most common cause of alopecia is self- 

trauma due to pruritus (allergies and ectopar-

asites most commonly). 

–  Dermatologic exam may reveal:



●

Broken hairs or other lesions associated 

with pruritus. 



●

Or  there  may  be  minimal  clinical 

inflammation. 

2)  Dermatophytosis can cause focal, multifocal, 

or generalized alopecia, often with scaling or 

crusting. Pruritus is variable. 

Figure 37.1  Alopecia and multiple eosinophilic plaques in the 3)  Uncommon to rare causes of alopecia in cats 

inguinal region. Possible underlying causes include flea allergy, 

include:

food allergy, and atopy. Secondary bacterial infection may occur. 

–  Behavioral overgrooming. 

–  Cutaneous lymphoma or lymphocytosis. 

–   Demodex cati. 

–  Endocrinopathies (iatrogenic or spontane-

ous hyperadrenocorticism). 

–  Paraneoplastic alopecia



●

Typically  affects  the  abdomen  and 

limbs.  Affected  skin  has  a  glistening 

appearance. 



●

Most  often  secondary  to  pancreatic 

carcinoma. 

iii)  Eosinophilic granuloma complex lesions

1)  These are lesions of a cutaneous reaction pat-

tern  to  various  underlying  causes,  not  final 

diagnoses,  and  are  very  common  presenting 

complaints. They include:

–  Eosinophilic plaques (Figure 37.1)



●

Raised flat alopecic erythematous moist 

to dry or crusted lesions. May be called 

“hot spots” by owners. 

Figure 37.2  Bilateral indolent (rodent) ulcers on the maxillary 



●

These are commonly located on the ven-

lips. This is part of the eosinophilic granuloma complex. Possible 

trum, inguinal area, or medial thighs of 

underlying causes include food allergy and atopy. Secondary 

pruritic cats. 

bacterial infection may occur. 
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2)  Common  underlying  causes  include 

3)  Possible causes include:

allergies:

–  Severe pruritus and subsequent self- trauma 

–  Flea- bite allergy. 

from allergies or ectoparasites. 

–  Food allergy. 

–  Eosinophilic granuloma complex. 

–  Atopy. 

–  Autoimmune diseases. 

–  Other insect hypersensitivities. 

–  Cutaneous adverse drug reactions. 

3)  Embedded insect or mite parts (foreign bod-

–  Mycobacterial, fungal, or viral infections. 

ies) or a genetic predilection may be part of 

–  Neoplasia (e.g., squamous cell carcinoma, 

the etiology. 

mast  cell  tumor,  cutaneous  lymphoma, 

4)  Secondary  bacterial  or  concurrent  dermato-

lymphangiosarcoma/angiosarcoma, etc.). 

phyte infections may complicate lesions and 

–  Ischemic injury or vasculitis. 

intensify pruritus. 

–  Burns, frostbite, other trauma, etc. 

5)  A  peripheral  blood  eosinophilia  may  be 

4)  Skin  biopsies  may  aid  in  diagnosing  the 

present. 

underlying cause. 

iv)  Papules and intact pustules are rare in cats, but 

vii)  Nodules,  abscesses,  and  draining  tracts  can  be 

may be seen with:

classified as:

1)  Feline acne. 

1)  Infectious inflammatory

2)  Pemphigus foliaceus. 

–  Bite- wound abscesses. 

3)  Ectoparasites. 

–   Actinomyces/ Nocardia infections. 

4)  Dermatophytosis. 

–  Mycobacterial infections. 

a)  Cutaneous adverse drug reactions. 

–  Fungal granulomas

v)  Crusting dermatitis and miliary dermatitis



●

Sporotrichosis. 

1)  Crusts are formed when dried exudate, serum, 



●

Cryptococcosis. 

blood,  pus,  and  cells  adhere  to  the  skin 



●

Dermatophytic pseudomycetoma. 

surface. 



●

Blastomycosis. 

2)  Miliary dermatitis consists of small punctate 

2)  Sterile inflammatory

crusts  and  commonly  occurs  along 

–  Foreign body reactions. 

the dorsum. 

–  Eosinophilic granulomas. 

–  These  crusts  are  difficult  to  visualize  on 

–  Injection site reactions. 

dermatologic  examination  and  are  often 

3)  Neoplastic. 

appreciated based on palpation. 

4)  Excisional biopsy of a nodule and macerated tis-

3)  Causes include:

sue  cultures  for  bacteria  (aerobic  and  anaero-

–  Allergies  (flea  allergy,  food  allergy,  and 

bic), mycobacteria, and fungi are often indicated. 

atopy)  and  associated  pruritus  and 

B)  Diagnostic procedures

self- trauma. 

a)  Basic  dermatologic  diagnostics  help  guide  initial 

–  Ectoparasites

antimicrobial or antiparasitic therapy and may sup-

● 

Fleas,  Cheyletiella,  Notoedres, Otodectes, 

port  the  need  for  further  workup  including  cul-

Demodex. 

tures,  biopsies,  or  referral  to  a  veterinary 

–  Infections

dermatologist. 

● 

Bacterial,  fungal  (yeasts  or  dermato-

b)  Flea combing is indicated in every cat with skin disease. 

phytes), or viral

i)  If no fleas seen, rub collected debris onto a wet 

■ 

Herpes  viral  infections  on  the  face 

paper towel. 

are  typically  erosive  or  ulcerative, 

1)  Flea “dirt” (feces = digested blood) will turn 

but may have overlying crusts. 

orange- red. 

–  Autoimmune diseases (pemphigus). 

ii)  Place  collected  debris  onto  a  glass  slide  with 

–  Cutaneous adverse drug reaction. 

mineral oil under a coverslip and examine micro-

vi)  Erosions and ulcers

scopically for ectoparasites. 

1)  An  erosion  is  a  disruption  of  the  epidermis 

c)  Skin  cytology  is  indicated  in  all  cases  to  rule  out 

with an intact basement membrane. 

infections.  Otic  cytology  is  indicated  in  all  cases 

2)  An  ulcer  is  a  disruption  of  the  epidermis 

of otitis. 

through  the  basement  membrane  into 

i)  Methods of cytology collection include:

the dermis. 

1)  Direct glass slide impression smear. 

[image: Image 139]
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2)  Acetate (clear) tape impression. 

–  Press the sticky side of the tape to the skin 

3–5 times. 

–  Useful  for  dry  lesions,  lesions  difficult  to 

sample with glass slides or swabs, and iden-

tification of  Malassezia. 

3)  Fine- needle aspiration

–  Used  to  sample  fluctuant  swellings,  nod-

ules, or tumors. 

–  Two techniques are used most often. 



●

Insert into the lesion a 22–25- gauge nee-

dle without a syringe attached. Redirect 

the needle several times while keeping 

the  needle  within  the  lesion.  Remove 

the needle and attach it to a 6- cc syringe 

filled  with  air,  aim  the  needle  bevel 

down at a slide, and press the plunger to 

“blow”  the  material  onto  the  slide. 

Gently smear the sample using another 

slide,  allow  to  air  dry,  and  stain  with 

Figure 37.3  Acantholytic keratinocytes surrounded by 

cytology stain. 

neutrophils. Impression smear cytology from a cat with 

pemphigus foliaceus. 



●

Insert a 22–25- gauge needle attached to 

a  6- cc  syringe  into  the  center  of  the 

lesion. Pull back on the plunger to apply 

pressure, release, and then redirect and 

d)  Skin scrapings are indicated in all cases to rule out 

repeat  1–3  times.  Release  the  plunger 

ectoparasites.  Negative  skin  scrapings  do  not  rule 

before  removing  the  needle  from  the 

out the presence of mites. 

lesion so that negative pressure doesn’t 

i)  Procedure

pull cells from the hub of the needle into 

1)  Gently clip hair, if present. 

the syringe. If blood is seen in the hub, 

2)  Use a No. 10 scalpel blade held at a 45° angle. 

remove  the  needle  and  start  again,  as 

Dull the scalpel blade by rubbing it against the 

blood  will  dilute  the  cellular  sample. 

edge of a metal table 10–15 times. 

Then,  remove  the  needle  from  the 

3)  Coat scalpel blade and skin with mineral oil. 

syringe, fill the syringe with air, reattach 

Place a drop of oil onto a glass slide. 

the needle, and “blow” the material onto 

4)  Superficial scrapings (Figure 37.4)

a slide. Gently smear and stain the slide. 

–  To identify mites that live in the hair coat or 

4)  Otic swabs

superficial layers of the skin

–  Cytological evaluation



●

 Notoedres  cati,  Sarcoptes  scabiei, 

 Cheyletiella spp.,  Otodectes cynotis, and 



●

Heat- fix glass slides with waxy or thick 

exudates  and  stain  with  modified 

 D. gatoi. 

Wright’s stain (Diff- Quik). 

–  Scrape  the  surface  of  the  skin  in  broad 

strokes in the direction of hair growth. 



●

Using  a  hemostat,  stain  the  tape  with 

Diff- Quik,  skipping  the  first  solution 

–  Scrape  multiple  sites.  New  lesions  are 

(fixative). Rinse the tape and press sticky 

preferred. 

side of tape onto a slide. 

5)  Deep scrapings

–  To identify mites that live in hair follicles 



●

Evaluate for:

( D. cati). Performed less often in cats since 

■ 

Inflammatory cells. 

 D. cati is rarely encountered. 

■ 

Bacteria. 

–  Gently pinch the skin prior to scraping to 

■ 

Fungal  organisms  (yeasts  or 

dermatophytes). 

extrude mites from follicles. 

–  Scrape small area in the direction of hair 

■ 

Neoplastic cells. 

growth until capillary oozing is seen. 

■ 

Acantholytic cells (Figure 37.3). 

[image: Image 140]
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Figure 37.4   Sarcoptes scabiei mite from a superficial skin Figure 37.5  Trichogram (hair pluck) from a cat with patchy 

scraping.  Notoedres cati, the cause of “head mange,” are similar in alopecia and mild scaling. There is a distorted, swollen hair shaft appearance. 

in the center with ectothrix fungal spores. 

6)  Transfer  material  to  glass  slide  and  place  a 

coverslip. Examine the entire area under cov-

erslip  with  the  10×  objective  for  mites,  ova, 

and mite feces. 

7)  Lower  the  microscope  condenser  and  light 

intensity to enhance visualization. 

e)  Otic mite preps are used to evaluate for  O. cynotis or 

otic  demodicosis,  and  are  indicated  in  all  cases 

of otitis. 

i)  Swab  ear  canals  as  for  otic  cytology  and  roll 

swabs in a drop of mineral oil placed on a glass 

slide. Examine as for skin scrapings. 

f)  Trichogram  (microscopic  examination  of  plucked 

hairs) can be used to evaluate for evidence of pruri-

tus, identification of follicular mites ( D. cati), and 

dermatophyte spores and/or hyphae. 

i)  Gently grasp a small number of hairs with fin-

Figure 37.6   Demodex cati (long- bodied) and  D. gatoi (short-gertips or hemostats and epilate hairs in direc-

bodied) mites from a skin scraping. 

tion of growth. 

ii)  Epilate enough hairs to create a small area of alo-

3)   D. cati mites may be found at the roots of hairs 

pecia. This may require several repeat hair plucks 

in infected cats (Figure 37.6). 

from the same location. 

g)  Wood’s lamp evaluation should be used for any cat 

iii)  Place hairs in mineral oil under a coverslip and 

with skin lesions to screen for dermatophytosis. 

evaluate with the 10× objective. 

i)  Emits  ultraviolet  light  causing  fluorescence  of 

1)  Broken  hair  tips  indicate  pruritus  and  self- 

tryptophan metabolites of approximately 80–90% 

induced or traumatic alopecia. 

of  Microsporum canis strains. 

2)  Distorted,  swollen,  or  fuzzy  hair  shafts  with 

ii)  Warm  up  the  lamp  for  5  minutes  prior  to  use 

ectothrix spores or hyphae may be seen with 

because  the  stability  of  the  light’s  wavelength 

dermatophytosis (Figure 37.5). 

and intensity depends upon its temperature. 

[image: Image 143]
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iii)  Positive fluorescence is apple- green color fluore- 

pH  indicator  red  as  soon  as  a  white-  or 

scence along the hair shafts. 

beige- colored fluffy colony develops. 

1)  Use fluorescent hairs for microscopic evalua-

–  Some  contaminants  cause  a  red  color 

tion (trichogram) and fungal culture. 

change on DTM media after several days, 

iv)  Lack of fluorescence does not rule out dermato-

so  always  confirm  the  diagnosis  with 

phytosis, as not all strains of  M. canis will fluo-

microscopic evaluation. 

resce and other important ringworm species will 



●

Touch a piece of acetate tape sticky side 

not show fluorescence. 

down  onto  the  colony,  then  place  the 

v)  False- positive fluorescence is typically white or 

tape  sticky  side  down  onto  a  drop  of 

blue and can be seen with scales or crusts, topical 

blue cytology stain on a glass slide and 

medications, and some bacteria. 

examine with the 10× objective for mac-

h)  Fungal  culture  is  indicated  in  any  cat  with  skin 

roconidia (Figure 37.7). 

lesions to confirm or rule out dermatophytosis, par-

–  Use  of  a  reference  laboratory  for  submis-

ticularly because of zoonotic concerns. 

sion  of  dermatophyte  cultures  is  strongly 

i)  Procedure

recommended. 

1)  Several different techniques are described to 

i)  Dermatophyte polymerase chain reaction (PCR)

collect a sample for culture. 

i)  Most useful in ruling out cases of dermatophyto-

–  Use  sterile  toothbrush  to  brush  the  hair-

sis due to  Microsporum species or  M. canis. 

coat, focusing on the lesional areas. Brush 

ii)  Requires submission to a laboratory that has the 

for 2 minutes or 20–30 brush strokes. Press 

capability to perform this test. 

the  brush  several  times  into  the  cul-

iii)  Procedure

ture plate. 

1)  Obtain hairs from the lesional skin either via 



●

This  is  the  preferred  method  when 

toothbrush  collection  or  by  plucking  many 

possible. 

hairs from the surrounding area and place in a 



●

The  sterile  toothbrush  technique  can 

glass top tube for submission. 

also be used for all non- lesional, but in 

iv)  Positive result

contact animals. 

1)  Indicates the presence of dermatophyte DNA

–  Use a 4- cm piece of sticky tape and press 

–  Active infection. 

the tape into the lesion and then inoculate 

–  Dead- fungal  organisms  remaining  after 

the culture plate with the tape. 

successful treatment. 

–  Pluck hairs and scale from the periphery of 

–  Fomite carriage. 

lesions  with  sterile  hemostats  and  place 

onto (don’t bury into) the culture plate. 



●

This is the method most likely to yield 

false- negative results and is usually not 

recommended. 

2)  Two different culture media are available. 

–  Sabouraud’s dextrose agar. Contains ingre-

dients to inhibit bacterial and saprophytic 

fungal overgrowth. 

–  Dermatophyte  test  medium  (DTM)  = 

Sabouraud’s  dextrose  agar  with  a  color 

indicator. 

3)  Incubate samples with moisture

–  In  the  dark  at  room  temperature  or  in  a 

closed shoebox with a cup of water to pro-

vide humidity. 

–  Check samples daily for 21 days. 

4)  Positive result

–  Determination  of  a  positive  test  should  be 

made  based  on  gross  colony  morphology  as 

well as microscopic evaluation of each colony. 

Figure 37.7   Microsporum canis macroconidia. This is a tape 

–  On DTM media, pathogenic dermatophytes 

stripping from a fungal colony grown on a DTM culture plate 

produce alkaline metabolites that turn the 

that was placed onto a glass slide with a drop of blue stain. 
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v)  Negative results

2)  Punch  biopsy  using  a  disposable  Baker’s 

1)  Indicates no presence of dermatophyte DNA

punch (4–8 mm) and local anesthesia, with or 

–  No infection. 

without  sedation,  is  acceptable  for  most 

–  False  negative  due  to  sampling  technique 

lesions. 

or  infection  with  organism  other  than 

3)  Use  heavy  sedation  or  general  anesthesia  to 

 Microsporum. 

biopsy the nose, foot pads, or pinnae. 

j)  Bacterial culture and sensitivity

4)  Excisional or wedge biopsy is recommended 

i)  Indications include:

for nodules or deep lesions. 

1)  Deep cellulitis- like lesions. 

5)  Clip fur gently or cut fur with scissors if pre-

2)  Nodules and draining tracts. 

sent, but do not prep the skin in any other way 

3)  Bacterial infection unresponsive to empirical 

to avoid distorting histology. NEVER scrub a 

therapy. 

skin biopsy site. If area is alopecic, draw a line 

4)  History  of  previous  multidrug- resistant  or 

in the direction of hair growth with a perma-

methicillin- resistant infection. 

nent marker (to orient the pathology lab when 

5)  Exposure  to  antibiotics  within  the  past 

the skin biopsy sample is processed). 

six months. 

6)  Apply moderate pressure and twist the biopsy 

ii)  Methods to obtain sample

punch in one direction only. When the punch 

1)  Sample  an  intact  pustule  by  rupturing  the 

penetrates  the  full  thickness  of  the  skin, 

pustule with a 25- gauge needle. 

remove  the  punch,  grasp  the  subcutaneous 

2)  Sample under crust. 

(SQ)  tissue  with  forceps  (NEVER  grasp  the 

3)  Express fresh exudate from lesion. 

dermis  or  epidermis),  and  cut  the  SQ 

4)  Swab ears as for otic cytology. 

attachments. 

5)  Submit  a  skin  biopsy  for  macerated  tissue 

7)  Blot  gently  to  remove  blood.  Place  sample 

culture. 

immediately into 10% formalin. 

iii)  Perform cytology to correlate with culture results. 

8)  Suture biopsy sites with simple interrupted or 

k)  Skin biopsies

cruciate pattern. 

i)  Indications include:

9)  Submit  skin  biopsies  to  an  experienced  der-

1)  Suspected neoplasia. 

matopathologist  and  bacterial  or  fungal  cul-

2)  Vesicles or persistent ulcers. 

tures for suspected infections. 

3)  Unusual or severe lesions. 

C)  Management of specific conditions

4)  Conditions failing to respond to empirical therapy. 

a)  Bite- wound abscesses

5)  Dermatoses most readily diagnosed by biopsy 

i)  Overview

(suspected autoimmune disease). 

1)  More common in intact males due to roaming 

6)  A disease that requires therapy which may be 

behavior and aggression. 

expensive,  of  extended  duration,  or  carries 

2)  Microorganisms from the oral cavity are intro-

significant side effect risks (e.g., autoimmune 

duced under the skin. 

diseases,  some  neoplasms,  or  paraneoplastic 

–  Infection develops within 2–7 days. 

syndromes) is suspected. 

–  Resident feline oral cavity organisms such 

ii)  Perform  biopsies  during  the  initial  exam  with 

as   Staphylococci  and   Pasteurella  are  the 

any of the above mentioned conditions, or within 

most common bacteria involved. 

3 weeks of therapy in unresponsive cases. 

3)  Small wounds often seal over and may not be 

1)  If possible, resolve secondary pyoderma and 

visible upon initial examination. 

discontinue  glucocorticoids  for  2–3  weeks 

ii)  Clinical signs and diagnosis

prior to biopsy. 

1)  The history may include exposure to the out-

iii)  Procedure

doors or other animals or a witnessed fight. 

1)  Site selection is important. 

2)  Physical examination may reveal:

–  Newly  formed  and  primary  lesions  (vesi-

–  Fever, bite wound(s), pain, firm or fluctu-

cles,  papules,  pustules,  etc.)  are  preferred 

ant SQ swelling, or purulent discharge. 

over older or secondary lesions (crusts). 

–  Nonspecific signs (lethargy, anorexia, lame-

–  Biopsy the center of lesions unless lesions 

ness, etc.) and regional lymphadenopathy. 

are  necrotic  or  ulcerated;  then  biopsy  the 

3)  Common locations include the face and neck, 

edge of the lesion. 

tail base, shoulder, or distal limb. 

–  Always  biopsy  at  least  three  representa-

4)  Clip  hair  to  help  detect  small  wounds  and 

tive sites. 

determine the extent of involved tissue. 
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–  Two adjacent punctures suggest a bite injury. 

13)  Administer  broad- spectrum  antibiotics 

–  A  single  wound  more  likely  indicates 

effective  against  feline  oral  microflora  for 

another cause of penetrating injury. 

7–10 days:

5)  Cellulitis develops prior to abscess formation, 

–  Amoxicillin  22 mg/kg  PO  q12h  (will  not 

so the absence of pus does not rule out a bite 

be effective against  Staphylococcus spp.)

wound.  Cellulitis  can  often  appear  as  just 

–  Amoxicillin/clavulanate 

15–22 mg/kg 

mild diffuse swelling or just pain on palpation 

PO q12h. 

of the affected area. 

–  Clindamycin 5–11 mg/kg PO q12h. 

–  Early bite- wound- related cellulitis is one of 

–  Cefovecin 8 mg/kg SQ q14 days, if unable 

the  more  common  causes  of  lameness 

to medicate orally. 

in cats. 

14)  Administer a rabies vaccine booster if bitten 

6)  Differential  diagnoses  include  fungal  or 

by  an  animal  with  an  unknown  vaccine 

atypical  bacterial  infections,  so  always 

history. 

wear gloves. 

15)  Consider  evaluation  for  Feline  Leukemia 

iii)  Treatment

Virus (FeLV) and Feline Immunodeficiency 

1)  General anesthesia is recommended for eval-

Virus (FIV)

uation of penetrating bite wounds, but may 

16)  Remove drain(s) in 3–5 days; remove sutures 

require stabilization of critical patients first. 

in 7–10 days. 

2)  Liberally  clip  fur  and  surgically  prepare 

iv)  Prognosis

the area. 

1)  Castrate  intact  males  to  minimize  the  inci-

3)  Lance the abscess at the ventral most aspect 

dence  of  recurrence  by  reducing  aggression 

with a No. 11 or 15 scalpel blade. 

and roaming. 

4)  Obtain  samples  for  aerobic  and  anaerobic 

2)  Refractory or recurrent abscesses most com-

cultures, if indicated. 

monly result from:

5)  Flush with copious volumes of sterile saline. 

–  Inadequate debridement or drainage. 

6)  Probe the SQ space with a sterile instrument 

–  Foreign body. 

to fully assess the amount of dead space. 

–  Resistant or atypical infection. 

–  Dead space is often much larger than the 

–  Underlying  retroviral  or  other  immuno-

area evident on initial exam. 

suppressive disease. 

7)  Debride any necrotic tissue. 

–  Osteomyelitis. 

8)  Place  penrose  drains  in  large  wounds  or 

3)  Consider further diagnostics such as culture/

wounds with excessive dead space. 

susceptibility  testing,  biopsy,  radiographs,  or 

–  Multiple  drains  may  be  needed  (e.g., 

surgical exploration if there is a poor response 

wounds that extend across dorsal midline 

to initial therapy, if drainage persists greater 

of neck or lumbar area). 

than  10 days,  or  if  the  abscess  recurs  within 

–  Establishing adequate ventral drainage is 

1–3 weeks of apparent resolution. 

of utmost importance. 

b)  Burns



●

Incomplete  treatment  of  the  initial 

i)  Overview

wound  is  the  most  common  cause  of 

1)  Causes  of  thermal  injury  include  hot  water, 

recurrence. 

grease, tar, fire, heating pads, electrical cords, 

9)  Bite  wounds  should  never  be  completely 

heated  metal  (automobile  mufflers),  and 

sutured closed. 

chemical burns. 

10)  Large  wounds  can  be  partially  closed  with 

2)  Burns are classified as

nonabsorbable  monofilament  sutures,  leav-

–  Partial thickness

ing an opening for the penrose drain. 



●

Superficial

–  Drains  should  not  exit  through  the  inci-



■

Affects epidermis only. 

sion, but through a separate site. 



■

Wounds with an intact basal 

11)  Place an Elizabethan collar to prevent self- 

epidermal layer may heal completely 

trauma and self- removal of drains. 

or with minimal scarring or perma-

12)  Administer SQ or IV fluids to cats that are 

nent hair loss. 

febrile, anorectic, or that undergo prolonged 



●

Deep

anesthesia for wound treatment. 



■

Extend to dermis. 
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–  Full thickness

–  Apply silver sulfadiazine (SSD) 1% cream/

● 

Affects  entire  dermis  with  destruction 

Silvadene 1% cream (King Pharmaceuticals, 

of adnexa, nerves, and vessels. 

Inc.,  Bristol,  TN),  Thermazene  1%  cream 

● 

May destroy subcutaneous tissue includ-

(Tyco  Healthcare/Kendall,  Mansfield, 

ing muscle and bone. 

MA), or medical- grade honey to keep the 

● 

Deep  partial- thickness  and  full- 

wound moist and prevent secondary bacte-

thickness  wounds  require  extensive 

rial colonization. 

wound  management  often  followed  by 



●

Apply a thin layer 1–2 times daily until a 

surgical closure or grafting. 

healthy  bed  of  granulation  tissue 

● 

Significant scarring and permanent hair 

develops. 

loss may occur. 



●

Do  not  use  SSD  in  cats  with  known 

3)  Mortality  is  often  due  to  systemic  complica-

hypersensitivities to sulfa drugs. 

tions such as sepsis and multiple organ failure. 

–  Cover with sterile occlusive dressing. 

ii)  Clinical signs and diagnosis

3)  Deep  partial- thickness  or  full- thickness 

1)  Superficial and deep partial- thickness burns

wounds

–  Erythema, edema, vesicles, singed hairs or 

–  Resuscitate  patient  as  indicated  (supple-

hair loss, and varying degrees of inflamma-

mental oxygen, IV fluids, etc.) and provide 

tion, erosion, and ulceration. 

appropriate supportive care. 

2)  Full- thickness burns

–  Sedation or anesthesia is required for ade-

–  May appear dry or leathery; abscessed area 

quate wound management. 

may be covered by an eschar. 

–  Aggressive pain management is necessary 

–  Often do not bleed and are not painful due 

throughout the healing process. 

to  destruction  of  blood  vessels  and  sen-



●

Use injectable or transdermal narcotics 

sory nerves. 

and/or  nonsteroidal  anti- inflammatory 

3)  Chemical  burns  are  often  ulcerative  and 

medications (NSAIDs; see Chapter 7— 

necrotic. 

Analgesia in the Critically Ill Cat). 

4)  Singed facial hairs and whiskers and corneal 



■

NSAIDs should be administered 

lesions suggesting possible smoke inhalation. 

only after the patient is fluid- 

–  Careful monitoring of respiratory status is 

resuscitated and normotensive to 

indicated. 

prevent renal damage. 

5)  Various systemic signs and hematologic, bio-

–  Perform  aggressive  lavage  and  debride-

chemical, or blood gas abnormalities may be 

ment to remove debris and necrotic, nonvi-

present  depending  upon  the  severity  and 

able tissue. 

extent of the burn. 

–  Apply SSD cream or medical- grade honey 

6)  The full extent of injury may not be evident 

and cover the wound with sterile occlusive 

for 2–3 days or longer, so liberal clipping and 

dressing. 

careful  monitoring  during  initial  manage-

–  Daily  debridement  is  indicated  until  a 

ment are indicated. 

healthy  bed  of  granulation  tissue 

7)  Biopsy  may  help  distinguish  a  burn  from 

develops. 

other diseases such as severe erythema multi-



●

After debridement, apply a thin layer of 

forme (EM), autoimmune disease,  vasculitis, 

silver  sulfadiazine  cream  or  medical- 

or  cutaneous  lymphangiosarcoma/angiosar-

grade  honey  to  wound  bed.  Change 

coma. Preferred biopsy sites are areas of ery-

dressings once to twice daily and rinse 

thema  without  ulceration  or  at  the  edge  of 

thoroughly  with  sterile  saline  before 

the ulcer. 

reapplication. Apply until a healthy bed 

iii)  Treatment

of granulation tissue develops. 

1)  Apply  cool  water  to  wounds  immediately  if 

–  Sterile  technique  is  critical  to  prevent 

exposure is recent to possibly minimize extent 

infection. 

of injury. 

–  Use  splints  when  necessary  to  prevent 

2)  Superficial partial- thickness wounds

excessive movement during healing. 

–  Clip hair and lavage with sterile saline to 

–  Surgical  closure  or  skin  grafts  may  ulti-

remove surface heat, debris, and chemicals. 

mately be needed. 
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–  Systemic  antibiotics  are  not  indicated  in 

“Burns”;  see  Chapter  7— Analgesia  in  the 

most cases and may predispose to infection 

Critically Ill Cat). 

with resistant organisms. 

5)  Treat  severe  injuries  as  open  wounds  with 



●

Choose antibiotics for wound infections 

copious lavage and aggressive debridement. 

based on full - thickness biopsy culture 

6)  Tendons,  ligaments,  and  bone  with  soft- 

and sensitivity. 

tissue attachments are left in place. 



●

Administer  broad- spectrum  antibiotics 

7)  Remove  bone  fragments  that  are  not  con-

if sepsis occurs. 

nected to tissue or blood vessels. 

–  Once  healed,  protect  scarred  or  hairless 

8)  Evaluate muscle for viability. 

skin from sun exposure with sunscreen or 

–  Consistency (firm, not friable). 

UV- protective clothing. 

–  Color (pink/red, not gray/brown). 

iv)  Prognosis

–  Contractility  (should  contract  when 

1)  Humans  with  burns  involving  more  than 

pricked— not  always  a  reliable  test  for 

40–50% of body surface area have a high mor-

viability). 

tality rate, and survival is rare when greater 

–  Circulation (should bleed when cut). 

than 80% of body surface area is involved. 

–  If viability is questioned, leave tissue and 

2)  Warn owners that large areas of skin loss will 

reassess at next bandage change. 

require  multiple  rechecks  and  bandage 

9)  Preserve as much skin as possible to facili-

changes with or without sedation. This can 

tate wound closure. 

be relatively expensive over the period of care. 

10)  Initially,  wound  edges  should  be  partially 

c)  Degloving injuries

opposed using nonabsorbable suture to per-

i)  Overview

mit drainage, minimize exposure of deep tis-

1)  Traumatic shear wounds that cause avulsion 

sues, and provide some stability. 

of skin and exposure of deep soft- tissue struc-

11)  Lavage,ii  debride,  and  apply  sterile  wet- to- 

tures  and  bone  most  often  occur  on  distal 

dry  bandages,  matrix,  and  antibacterial 

extremities  when  limbs  are  compressed 

materials  such  as  honey  or  silver  sulfadia-

between an automobile tire and the pavement. 

zine 1% cream (see in the earlier text). 

ii)  Clinical signs and diagnosis

–  Change bandages daily until granulation 

1)  Loss  of  skin  and  soft  tissues  to  varying 

tissue forms (moist, soft, dark pink to light 

degrees. Usually occurs on medial aspects of 

red, glistening, highly vascularized tissue 

distal limbs. Bleeding is often minimal due 

with  a  granular  appearance),  then  use 

to traumatic injury to blood vessels. 

nonadherent dressings and change band-

2)  Severe injury commonly results in extensive 

ages less frequently. 

damage  to  ligament  and  bone  leading  to 

12)  Surgical  closure  or  grafts  may  ultimately 

exposed and unstable joints. 

be needed. 

3)  Wounds  are  often  contaminated  with  dirt, 

13)  Temporarily  stabilize  orthopedic  injuries 

hair, and other debris. 

with splints or external pin splints. 

4)  Signs  of  other  traumatic  injuries  such  as 

–  Pins  should  be  placed  in  healthy  bone 

shock,  long- bone/pelvis  fractures,  and  res-

above and below the fracture and should 

piratory distress are often present and should 

be placed as far from the wound as possi-

be treated first (see Chapter 1— Approach to 

ble if secondary fixation is anticipated. 

the Critically Ill Cat). 

14)  Use broad- spectrum antibiotics with efficacy 

iii)  Treatment

against skin flora:

1)  Stabilize  life- threatening  traumatic  injuries 

–  Clindamycin  5–10 mg/kg  IV  or  PO  q12h 

first  (see  Chapter  1— Approach  to  the 

or 11–12 mg/kg PO q24h. 

Critically Ill Cat). 

–  Cefazolin/cephalexin  22–30 mg/kg  IV  or 

2)  Clip and lavage the wound and place a pro-

PO q12h. 

tective stabilizing bandage ± splint until the 

–  Amoxicillin–clavulanate 

(Clavamox) 

patient is stabilized. 

15–22 mg/kg PO q12h. 

3)  Sedation  or  anesthesia  is  required  for  ade-

–  Cefpodoxime 

proxetil 

(Simplicef) 

quate wound management. 

5–10 mg/kg PO q24h (off- label use in cats). 

4)  Aggressive  pain  management  is  necessary 

15)  Perform culture/sensitivity in refractory tis-

throughout  the  healing  process  (see 

sue infections. 
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–  The  prognosis  is  dependent  upon  extent 

iii)  Flea  allergy  dermatitis  is  the  most  common 

of injuries and may not be evident at ini-

allergic skin disease and may be seen in combi-

tial presentation. 

nation with food allergy or atopy. 

d)  Parasitic diseases

1)  Cats may present with alopecia, miliary der-

i)  Overview

matitis,  eosinophilic  granuloma  complex 

1)  All of the following parasites except  Demodex 

lesions, or open wounds secondary to severe 

spp. have zoonotic potential. 

pruritus. 

2)  People may develop a transient pruritic papu-

2)  The caudal dorsum is commonly affected, but 

lar rash. 

lesions  may  be  seen  on  the  ventrum,  hind 

–  Always ask if any in- contact person has an 

limbs, flanks, or neck. 

itchy rash as part of a dermatologic history. 

3)  Diagnosis and treatment

–  If so, direct people to their physicians for 

–  Presence of fleas or flea dirt and/or resolu-

evaluation. 

tion  of  clinical  signs  with  strict  flea  con-

3)  Any suspected zoonotic parasitic disease should 

trol trial

be  empirically  treated,  even  if  diagnostic  test 



●

Nitenpyram (see in the earlier text)

results are inconclusive. A therapeutic trial is 



■

Treatment  with  nitenpyram  is 

often needed to confirm or negate a diagnosis. 

unnecessary  for  live  fleas  when 

4)  Always treat in- contact animals. 

using  a  quick- kill  topical  applica-

5)  Hypersensitivity reactions to fleas and mites 

tion such as fluralaner or sarolaner. 

may contribute to inflammation and pruritus. 



●

Fluralaner  q3  months  for  year- round 

ii)  Fleas

treatment. 

1)  Overview, clinical signs, and diagnosis



●

Sarolaner  q1  month  for  year- round 

–   Ctenocephalides  felis  felis  (cat  flea)  is  the 

treatment. 

most common species. 



●

Lotilaner  orally  q1  month  for  year- 

–  Diagnosis is based on presence of fleas or 

round treatment. 

flea dirt. 



●

Imidacloprid, fipronil, or selamectin q 

–  Cats are excellent groomers, so lack of fleas 

2–3 weeks for at least 8 weeks

does not rule out a flea infestation or a flea 



■

Continue  q  3–4 weeks  year- round 

allergy. 

for treatment. 

–  Severe  infestation  can  lead  to  life- 



■

Only imidacloprid is labeled for up 

threatening anemia in very young kittens. 

to weekly use. 

–  Secondary tapeworm infections may occur 



■

Treatment with nitenpyram may be 

and should be treated. 

indicated at the outset of treatment 

2)  Treatment

due to the slow speed of kill of these 

–  Nitenpyram  (Capstar)  orally  (kittens 

topical medications. 

≥4 weeks old and ≥2 lbs). Give one dose or 

–  Treat in- contact animals. 

repeat  up  to  every  other  day  as  needed 

–  Anti- inflammatory  doses  of  glucocorti-

until resolution. 

coids  may  be  needed  acutely  or  periodi-

–  Fluralaner  (Bravecto,  18.2–40.3 mg/kg) 

cally to control pruritus and other clinical 

topically (kittens ≥6 months old). 

signs. Example doses:

–  Sarolaner (Revolution Plus, 1–1.96 mg/kg) 



●

Prednisolone  1–2 mg/kg  PO  q24h  × 

topically  (kittens  ≥8 weeks  old  and 

5–7 days, then taper. 

≥2.8 lbs). 



●

Depo- Medrol 5 mg/kg SQ or IM once. 

–  Lotilaner  6  mg/kg  orally  (kittens 

–  Antibiotics are indicated if secondary bac-

≥6 months of age and ≥0.91 kg). 

terial infections are present. 

–  Imidacloprid  (Advantage,  Seresto  collar), 



●

Treat superficial bacterial infections for 

fipronil  (Frontline),  or  selamectin 

at least 21 days. 

(Revolution) topically (kittens ≥8 weeks). 



●

Consider  submission  of  a  sample  for 

–  Young  kittens  may  require  manual  flea 

bacterial culture and sensitivity testing 

removal with flea comb. 

prior to therapy, if indicated. 

–  Indoor  and/or  outdoor  environmental 



●

Clindamycin  5–10 mg/kg  PO  q12h  or 

treatment  may  be  necessary  in  severe 

11–12 mg/kg PO q24h. 

infestations. 



●

Cephalexin 22–30 mg/kg PO q12h. 
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●

Cefpodoxime  proxetil  (Simplicef) 



●

Fluralaner  18.2–40.3 mg/kg  topically 

5–10 mg/kg  PO  q24h  (off- label  use 

q3  months  for  1  treatment  (kittens 

in cats). 

≥6 months of age) (off- label use). 



●

Amoxicillin–clavulanate  15–22 mg/kg 



●

Sarolaner 1–1.96 mg/kg topically q1 month 

PO q12h. 

for 3 treatments (kittens ≥8 weeks of age 



●

Cefovecin 8 mg/kg SQ q14d if unable to 

and ≥ 1.27 kg) (off- label use). 

medicate orally. 



●

Lotilaner 6 mg/kg orally q1 month for 3 

iv)   O. cynotis (ear mites)

treatments  (kittens  ≥6  months  of  age 

1)  Overview

and ≥0.91 kg) (off- label use). 

–  The most common cause of otitis externa 



●

Selamectin  6–12 mg/kg  topically  q 

in cats. 

2  weeks  for  3  treatments  (kittens 

2)  Clinical signs may be variable and include:

>8  weeks  age;  off- label  use  at  this 

–  Erythema,  aural  pruritus,  black  waxy  to 

frequency). 

dry aural exudates, and excoriations of pin-



●

Moxidectin  (Advantage  multi)  1.0 mg/

nae, head, or neck. 

kg topically q2 weeks for 3 treatments. 

–  Lesions may occur rarely on the body, as 



●

Ivermectin  200–300 μg/kg  SQ  or  PO  q 

mites can be found outside of the ear canals. 

2–3  weeks  for  3–4  treatments  (off- 

3)  Diagnosis

label use). 

–  Otic mite preparations or superficial skin 

–  Topical  otic  miticides  are  alternatives  to 

scrapings (see Figure 37.8). 

systemic treatment. 

–  Otic cytology to rule out secondary bacte-



●

Tresaderm (thiabendazole)

rial and/or  Malassezia infections. 



■

0.3–0.5 ml  into  each  ear  twice  daily 

4)  Treatment

for 7 days, stop for 7 days, then treat 

–  Daily  to  every  other  day  ear  cleanings  to 

for 7 days, then stop. 

remove  exudate  and  dead  mites  for 



■

Or, treat daily to every other day for 

1–3 weeks. Examples of routine ear cleans-

21 days. 

ers  include  Epi- Otic  Advanced  (Virbac) 



●

Acarexx  (ivermectin  0.01%)  or 

and Douxo Micellar Solution (Ceva). 

MilbeMite 

OTIC 

(milbemycin 

–  Systemic  treatment  should  be  given,  as 

oxime 0.1%)

mites can reside on the body, and this may 



■

One dose applied in each ear (0.5 ml 

be the only treatment needed in addition to 

of Acarexx or 0.25 ml of MilbeMite). 

ear cleanings. 



■

Repeat  treatment  in  3–4  weeks  if 

necessary.  Reported  safe  in  kittens 

>4 weeks. 

–  Treat  secondary  otic  infections  (see  “Otitis 

externa” in the following text). If infections are 

mild, ear cleanings alone are usually sufficient. 

v)   Cheyletiella

1)  Overview

–   Cheyletiella  blakei  is  the  most  common 

species found on cats. 

–  Adult mites live on the stratum corneum 

and  move  through  the  epidermal  debris. 

Eggs are attached to the host’s hairs. 

2)  Clinical signs

–  Excessive and often large scales, erythema-

tous  papules,  miliary  dermatitis,  or 

alopecia. 

–  Dorsal midline is commonly affected. 

–  Pruritus is highly variable. 

3)  Diagnosis

–  Presence of mites and/or response to treat-

Figure 37.8   Otodectes cynotis (ear mites) from an otic swab rolled in mineral oil on a glass slide. 

ment.  Use  flea  combing,  superficial  skin 

[image: Image 145]
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scrapings,  or  tape  impressions  to  collect 

● 

Wash  bedding  or  other  linens  in  hot 

hair and scales (see Figure 37.9). 

water  with  regular  laundry  detergent 

–  Fecal  floatation  may  reveal  mites  or  eggs 

and dry in a hot dryer. 

due to grooming and ingestion of mites. 

vi)  Feline mange (head mange)

4)  Treatment

1)  Overview

–  Fluralaner  18.2–40.3 mg/kg  topically 

–   N. cati is the cause of head mange in cats. 

q3  months  for  1  treatment  (kittens 

–   S. scabiei  infections  occur  less  commonly 

≥6 months of age) (off- label use). 

in cats. 

–  Sarolaner 1–1.96 mg/kg topically q1 month 

–  Mites burrow into the superficial layers of 

for 2 treatments (kittens ≥8 weeks of age 

the skin (stratum corneum). 

and ≥1.27 kg) (off- label use). 

2)  Clinical signs

–  Lotilaner  6  mg/kg  orally  q1  month  for  2 

–  Intense pruritus, alopecia, papules, excori-

treatments (kittens ≥6 months of age and 

ations, erosions, and crusts. 

≥0.91 kg) (off- label use). 

–  Pinnae often affected first, then upper ears, 

–  Selamectin 6–12 mg/kg topically q 2 weeks 

face, eyelids, and neck. 

for 3 treatments (kittens >8 weeks age; off- 

3)  Diagnosis

label use at this frequency). 

–  Superficial  skin  scrapings  are  likely  to 

–  Moxidectin  (Advantage  multi)  1.0 mg/kg 

demonstrate mites or mite eggs. 

topically  q2  weeks  for  3  treatments  (off- 

–  Fecal  floatation  may  reveal  mites  or  eggs 

label use). 

due to grooming and ingestion of mites. 

–  Ivermectin  200–300 μg/kg  SQ  or  PO  q 

–  Perform skin cytology to rule out second-

2–3  weeks  for  3–4  treatments  (off- 

ary bacterial infections. 

label use). 

4)  Treatment

–  Lime sulfur dips q 5–7 days for a minimum 

–  Same  as  for   Cheyletiella  (see  in  the  ear-

of 4–6 weeks. Place an E collar until dry to 

lier text). 

prevent licking the dip, which may cause 

–  Treat  secondary  bacterial  infections  (see 

salivation or vomiting. 

“Flea allergy dermatitis”). 

–  Environmental  treatment  (bedding,  car-

–  Anti- inflammatory  doses  of  glucocorti-

pets,  insecticidal  sprays,  etc.)  is 

coids  may  be  necessary  to  alleviate  the 

recommended. 

intense  pruritus  (see  “Flea  allergy 

dermatitis”). 

vii)  Demodicosis occurs uncommonly in cats. 

1)  Overview and clinical signs

–   D. cati live in hair follicles and have long 

and slender bodies. 

● 

Infection is often associated with under-

lying immunosuppression or metabolic 

disease. 

■ 

FIV, FeLV, or diabetes mellitus. 

■ 

Immunosuppressive 

medications 

such  as   steroids  (including  steroid 

inhalers). 

● 

Clinical signs include:

■ 

Patchy  alopecia,  erythema,  scaling, 

crusting, or comedones with variable 

pruritus. 

■ 

Common locations include the perio-

cular  skin,  head,  neck,  ear  canals 

(ceruminous otitis), or trunk. 

–   D. gatoi inhabit the epidermal surface and 

have short stubby bodies. 

Figure 37.9   Cheyletiella mites and an egg attached to a hair shaft from a cat with pruritus and dorsally distributed large 

white scales. 
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●

May be contagious to other cats, so sus-

iv)  Treatment

pect  D. gatoi if multiple cats in a house-

1)  Inform owners of zoonotic potential. 

hold are affected. 

2)  Isolate infected cat(s) to one room. 



●

Clinical signs include:

–  Spores  shed  into  the  environment  may 



■

Symmetric alopecia, scaling, excoria-

remain infective for nearly 2 years. 

tions, or crusts. 

3)  It is not recommended to clip hair unless it 



■

Pruritus is variable, but is often severe. 

will improve application of topical antifungals. 



■

Common  locations  include  the 

–  Clipping  may  lead  to  worsening  of  dis-

trunk,  abdomen,  head,  neck, 

ease due to increased skin microtrauma. 

or elbows. 

–  Will also lead to increased environmental 

2)  Diagnosis

contamination. 

–  Skin scrapings or trichograms

–  Will expose personnel to infective fungal 



●

Superficial skin scrapings for  D. gatoi. 

spores during the clipping process. 



●

Deep skin scrapings for  D. cati. 

4)  All cats should receive systemic treatment. 

–   D. gatoi may not be readily found on skin 

–  Itraconazole 5–10 mg/kg PO q24h. 

scrapings; negative findings do not rule out 



●

Give daily for 28 days, then as alternate 

infection. 

week  pulse  therapy  (1 week  on  treat-

–  A  workup  for  underlying  disease  is  indi-

ment, 1 week off, etc.) until cure or give 

cated with  D. cati infection. 

alternate week pulse therapy from the 

3)  Treatment

outset of treatment. 

–  Fluralaner  18.2–40.3 mg/kg  topically 



●

Usually  tolerated  well  by  cats,  but 

q3 months (kittens ≥6 months of age) (off- 

monthly  to  every  other  month  moni-

label use). 

toring 

of 

liver 

enzymes 

is 

–  Sarolaner 1–1.96 mg/kg topically q1 month 

recommended. 

(kittens ≥8 weeks of age and ≥ 1.27 kg) (off- 



●

Use Itrafungol oral suspension, brand 

label use). 

name  Sporanox  capsules  or  Sporanox 

–  Lotilaner 6 mg/kg orally q1 month (kittens 

suspension.  Generic  formulations  of 

≥6  months  of  age  and  ≥0.91  kg)  (off- 

Sporanox are acceptable, but a suspen-

label use). 

sion  compounded  from  bulk  powder 

–  Moxidectin  (Advantage  multi)  1.0 mg/kg 

has  markedly  reduced  bioavailability 

topically q1 week for  D. gatoi (off- label use). 

in cats. 

–  Lime sulfur dips q 5–7 days for a minimum 

–  Terbinafine 30–40 mg/kg PO q24h

of 4–6 weeks is the treatment of choice for 



●

Give daily until cure. 

both types of demodicosis. 



●

Usually  well  tolerated  by  cats,  but 

–  Treat in- contact cats for  D. gatoi. 

monthly  to  every  other  month  moni-

e)  Dermatophytosis

toring 

of 

liver 

enzymes 

is 

i)  Overview

recommended. 

1)   M. canis is the most commonly encountered 



●

May rarely cause severe facial pruritus. 

dermatophyte in cats. 

–  Griseofulvin, fluconazole, lufenuron, and 

2)  Cattery cats and cats that travel to shows are 

ketoconazole  are  not  recommended  as 

predisposed. Persians may be predisposed. 

treatments for dermatophytosis in cats. 

3)  Transmission  occurs  by  direct  contact  and 

5)  Adjuvant  topical  therapy  is  recommended 

via contaminated environment and fomites. 

once to twice weekly in all affected patients. 

ii)  Clinical signs

–  May  shorten  the  course  of  disease  and 

1)  Focal, multifocal, or generalized alopecia. 

reduce environmental contagion. 

2)  Scaling, crusting, erythema, papules, or mil-



●

Lime sulfur dips. 

iary dermatitis may be seen. 



●

Miconazole + chlorhexidine shampoo

3)  Pruritus is variable. 

i)  Must be performed twice weekly 

iii)  Diagnosis

with 10 minute contact time. 

1)  Wood’s  lamp,  trichography,  and  dermato-

ii)  Miconazole alone is less effective. 

phyte PCR may be helpful for screening. 

iii)  Enilconazole  0.2%  solution  is  an 

2)  Fungal  culture  is  needed  for  definitive 

effective topical treatment, but is not 

diagnosis. 

licensed for small- animal use in USA. 
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6)  Environmental decontamination

2)  Topical  drug  reactions  often  present  with 

–  1:10 to 1:100 diluted bleach solution. 

severe erythema and scaling ± ulcers of inner 

–  Accelerated hydrogen peroxide. 

surface of pinna and opening of external ear 

–  Enilconazole (Clinafarm- EC disinfectant) 

canal. Discontinue use of medication and do 

used as a sprayer or fogger is very effec-

not use related products in the future. 

tive, but is not licensed for small- animal 

3)  Otitis  media  may  present  with  pain  upon 

use in the USA. 

opening the mouth, Horner’s syndrome, or 

–  Over- the- counter  disinfectants  with  a 

peripheral  vestibular  disease,  or  just  a  his-

label  indicating  efficacy  against 

tory  of  chronic  or  recurrent  external  ear 

 Trichophyton  mentagrophytes  (another 

infections. 

common  dermatophyte  species)  can  be 

4)  Cats with allergic disease may have concur-

effective with 10 minutes of contact time. 

rent dermatitis, so perform a thorough der-

–  Any cloth item that can be washed can be 

matologic exam. 

disinfected  with  2  washing  cycles  in  a 

5)  Aural hematomas occur uncommonly in cats. 

household washing machine on the long-

iii)  Diagnosis

est rinse cycle. 

1)  Otic cytology and mite preps. 

–  Destroy  bedding,  brushes,  and  any  item 

2)  Perform  otoscopy  to  assess  the  patency  of 

that cannot be machine- washed. 

the ear canal, the tympanic membrane, and 

–  Frequent  vacuuming  can  decrease 

to rule out polyps, other masses, or foreign 

gross debris. 

bodies, especially in cases of unilateral otitis. 

7)  Repeat fungal cultures every 2–4 weeks. 

–  Sedation  or  general  anesthesia  may 

8)  Cats may appear clinically normal prior to 

be needed. 

mycologic  cure.  Treat  until  three  negative 

3)  Bacterial  culture  and  sensitivity  are  indi-

successive  cultures  taken  2–4  weeks  apart 

cated when initial empiric therapy fails. 

are obtained. 

4)  Bulla radiography or computed tomography 

f)  Otitis externa

(CT)  imaging  is  indicated  in  cases  of  sus-

i)  Overview:  the  causes  of  otitis  can  be  divided 

pected otitis media, polyps, or neoplasia. 

into the following categories. Any causes from 

5)  A workup for underlying allergic disease is 

each category must be addressed for complete 

necessary  if  other  causes  of  otitis  are 

resolution  of  otitis.  On  an  emergency  basis, 

ruled out. 

attempts should be made to rule out ear mites, 

iv)  Treatment

secondary  infections,  foreign  bodies,  polyps/

1)  Otitis externa

masses, and topical drug reactions. 

–  Ear  cleansing/flushing  with  large  vol-

1)  Predisposing and primary underlying causes

umes of ear cleanser to fill ear canal is the 

–  Ear mites (most common cause of otitis 

key to proper ear cleaning. As cats appear 

in cats). 

to be more vulnerable to ototoxicity than 

–  Nasopharyngeal  polyps  (second  most 

dogs, be less aggressive with ear cleanings 

common cause of otitis in cats). 

in cats. 

–  Allergies. 

–  Frequency is based on the severity of oti-

–  Foreign bodies (e.g., foxtail). 

tis. Severe cases may require daily clean-

–  Neoplasia. 

ings initially. 

2)  Secondary causes

–  A neutral pH cleanser, Epi- Otic Advanced 

–  Bacterial or yeast infections. 

(Virbac), has mild antibacterial and anti-

–  Topical medication reactions. 

fungal properties and may be used as the 

3)  Perpetuating factors

sole treatment for mild infections. 

–  Progressive  pathologic  changes  in  ear 

–  Ceruminolytic  cleansers,  such  as  Douxo 

canals (hyperplasia, stenosis, etc.). 

Micellar  Solution  (Ceva),  may  help  to 

–  Otitis media (often underdiagnosed). 

remove debris from the ear, especially in 

ii)  Clinical signs are variable. 

cases of ear mite infestations. 

1)  Head shaking, scratching, pinnal erythema, 

–  Avoid  chlorhexidine- based  flushes,  as 

aural  exudates,  malodor,  or  self- trauma  to 

they  have  the  potential  to  cause 

the pinnae, head, or neck. 

ototoxicity. 
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–  Acute otitis externa

–  Recurrence of otitis is likely if underlying 



●

Apply at least 0.3 ml of medication per 

cause(s) are not addressed. 

dose, typically BID. Medicate topically 

g)  Autoimmune skin diseases (pemphigus foliaceus)

for minimum of 7–14 days. 

i)  Overview

–  Chronic or recurrent otitis externa

1)  Pemphigus  foliaceus  is  the  most  common 



●

Medicate  topically  for  minimum  of 

autoimmune skin disease seen in cats. 

21–30 days. 

–  Pemphigus  vulgaris,  discoid  or  systemic 



●

Use systemic anti- inflammatory gluco-

lupus erythematosus, and other autoim-

corticoids if edema, stenosis, or other 

mune skin diseases occur rarely. 

progressive changes are present. 

2)  The  pathogenesis  is  not  well  characterized 



●

Use  systemic  antibiotics  if  extensive 

in cats, but in dogs and humans, it involves 

swelling, ulceration, periaural derma-

the  breakdown  of  keratinocyte  adhesion 

titis, or otitis media is present. 

molecules following autoantibody targeting. 



●

Repeat ear cytology prior to discontin-

This  leads  to  acantholysis  (keratinocytes 

uation  of  topical  antimicrobials  to 

break apart from one another). 

ensure infection has resolved. 

3)  Drug- induced pemphigus may occur rarely. 

–  Bacterial and yeast infections

4)  Perform skin biopsies at initial visit prior to 



●

Neomycin (Tresaderm). 

glucocorticoid  therapy  if  autoimmune  dis-



●

Gentamicin  (Gentocin  (otic  or  oph-

ease is suspected. 

thalmic), Otomax, and Mometamax). 

ii)  Clinical signs



●

Polymyxin B (Surolan)

1)  Intact pustules are fragile and transient, so 



●

For resistant  Pseudomonas infections:

the most common lesions seen are:

■ 

Silver sulfadiazine: compound pow-

–  Crusts, erosions, scale, and alopecia. 

der  into  1%  solution  or  mix  cream 

–  Pruritus is variable. 

50/50 with water. 

2)  Common locations include:

■ 

Enrofloxacin injectable mixed with 

–  Face/head  (especially  pinnae),  paws/

tris- ethylenediaminetetraacetic acid 

clawbeds/footpads  (Figure  37.10).,  peri-

(EDTA) ear flush. Achieve a 10 mg/

areolar, or other body regions

ml  concentration  of   enrofloxacin 

–  Lesions may be bilaterally symmetric. 

and flush ears BID. 

3)  Lethargy, anorexia, fever, or other nonspecific 

■ 

Tobramycin  or  polymyxin  B  oph-

clinical signs may occur. 

thalmic drops. 

–  Yeast infection (without bacteria)



●

Miconazole (Conofite drops). 

–  Use topical corticosteroids, if moderate to 

severe  inflammation  or  stenosis  is 

present. 



●

Combination products containing cor-

ticosteroids  (Tresaderm,  Otomax,  and 

Surolan). 



●

Mix injectable dexamethasone SP with 

silver  sulfadiazine  or  Conofite  (10 mg 

DexSP per 30 ml antimicrobial). 



●

Mometasone  furoate  0.1%  lotion  is 

available commercially and can be used 

topically in the ear (off- label use). 

2)  Treatment  of  otitis  media  usually  requires 

either  a  middle  ear  lavage  (deep  ear  flush) 

under  general  anesthesia  or  ventral  bulla 

osteotomy followed by antimicrobial therapy. 

–  Topical  and  systemic  antimicrobial 

therapy based on middle ear bacterial cul-

Figure 37.10  Alopecia, erythema, crusting, and swelling of the ture and sensitivity is indicated for a min-claw folds of a cat with pemphigus foliaceus and secondary 

imum of 6–8 weeks. 

bacterial infection. 
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iii)  Diagnosis

until  they  have  converted  to 

1)  Skin cytology is needed to rule out secondary 

IgG- positive and IgM- negative titers. 

infections and may reveal acantholytic cells:

–  Potential side effects include anorexia, vom-

–  Round nucleated epithelial cells alone or 

iting, diarrhea, hirsutism, gingival hyperpla-

in  clumps  surrounded  by  neutrophils 

sia,  and,  at  extremely  high  doses, 

(larger than neutrophils; see Figure 37.3)

hepatotoxicity 

or 

nephrotoxicity. 

2)  Confirm  diagnosis  with  histopathology. 

Hyperglycemia and diabetes mellitus are the 

Biopsy intact pustules or multiple represent-

potential anecdotal concerns in some cats. 

ative lesions (Figure 37.11). 

–  Long- term  use,  especially  when  com-

iv)  Treatment options

bined  with  other  immunosuppressive 

1)  Glucocorticoids

medications,  may  predispose  to  oppor-

–  Triamcinolone 0.2–0.4 mg/kg PO q24h. 

tunistic infections or neoplasia. 

–  Dexamethasone 0.2–0.4 mg/kg PO q24h. 

3)  Chlorambucil  (Leukeran)  0.1–0.2 mg/

–  Prednisolone 2–4 mg/kg PO q24h. 

kg PO q24h

2)  Modified  cyclosporine  (Neoral  or  Atopica) 

–  Can  combine  with  glucocorticoids  ini-

5 mg/kg  q12–24h  has  been  reported  to  be 

tially, and then taper to EOD once clinical 

effective in a significant percentage of feline 

remission is achieved. 

pemphigus cases. 

–  Potential  side  effects  include  myelosup-

–  May  be  effective  as  monotherapy,  but  if 

pression and gastrointestinal (GI) toxicity. 

disease  is  severe  combine  with  corticos-

4)  Treat  secondary  bacterial  infections  for  at 

teroids initially. 

least 21 days with culture- based antibiotics. 

–  Perform  FIV,  FeLV,  and  toxoplasmosis 

–  Clindamycin 5–11 mg/kg PO q12h. 

titers (IgG and IgM) prior to cyclosporine 

–  Cephalexin 22–30 mg/kg PO q12h. 

therapy in cats. 

–  Cefpodoxime proxetil (Simplicef) 5–10 mg/

● 

Anecdotal reports of cyclosporine use 

kg PO q24h (off- label use in cats). 

in  either  FIV-  or  FeLV- positive  cats 

–  Amoxicillin–clavulanate 

15–22 mg/kg 

have not described an increase in side 

PO q12h. 

effects, but closer hematologic and bio-

–  Enrofloxacin  5 mg/kg  or  marbofloxacin 

chemical monitoring is recommended. 

2.2–5.5 mg/kg q24h. 

● 

Cats  with  positive  IgM  toxoplasma 

–  Slowly  taper  medications  to  q48h,  and 

titers  should  not  receive  cyclosporine 

then  q72h  when  clinical  remission  is 

achieved. 

v)  Prognosis

1)  Often a good prognosis, although cats may 

Dermatologic history

need lifelong therapy. 

2)  Routine  monitoring  of  complete  blood 

counts,  serum  biochemical  analysis,  and 

Dermatologic exam

urine analysis is recommended throughout 

treatment. 

h)  Cutaneous adverse drug reactions

Initial dermatologic diagnostics: skin/ear cytology, flea

i)  Overview

combing, skin scrapings, trichograms, DTM (fungal) culture

1)  Nonimmunologic or predictable

–  Dose- dependent reaction. 

–  Due  to  pharmacologic  properties  of 

If results are positive, treat with appropriate

antimicrobials and/or antiparasitic medications; consider

the drug. 

allergy workup/treatment. 

2)  Immunologic or unpredictable

–  Idiosyncratic and non- dose- dependent. 

–  Caused  by  a  variety  of  host  and  drug 

If results are negative, consider antiparasitic treatment, 

factors. 

allergy workup/treatment (rule out flea allergy first, then

3)  May  occur  with  topical,  oral,  or  injectable 

food allergy, then atopy), skin biopsies. 

medications

–  Sulfonamides,  cephalosporins,  penicil-

Figure 37.11  General approach to the cat with skin disease: algorithmic overview. 

lins,  and  topical  neomycin  are  mostly 

commonly involved. 
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4)  Usually occur within 1–3 weeks after initiat-

v)  The prognosis is variable. Some drug reactions 

ing therapy. 

persist  for  days  to  weeks  after  the  offending 

ii)  Clinical signs are highly variable and can mimic 

drug is withdrawn. 

nearly any dermatosis. 

i)  Tapazole (methimazole) reaction

1)  Pruritus,  macular–papular  rashes,  exfolia-

i)  Overview

tive erythroderma, urticaria/angioedema, or 

1)  Cutaneous  adverse  reactions  to  methima-

hypersensitivity vasculitis. 

zole occur uncommonly. 

2)  Injection site reaction. 

2)  When  they  occur,  it  is  usually  within 

3)  Pinnal dermatitis/otitis secondary to topical 

3–8 weeks of starting treatment. 

otic medications. 

3)  The  exact  pathogenesis  is  currently 

4)  EM

unknown. 

–  May present with erythematous maculae 

ii)  Clinical signs include facial and/or neck pruri-

or patches in various shapes, often with 

tus and self- induced trauma, which may lead to 

central  clearing  (bull’s- eye  appearance). 

erythema,  alopecia,  excoriations,  erosions,  or 

Commonly seen on the ventrum. 

ulcers and crusts. 

5)  Toxic epidermal necrolysis (TEN)

iii)  Diagnosis

–  Occurs very rarely. 

1)  History of methimazole use. 

–  Extensive  necrosis  and  sloughing  of  the 

2)  Presence  of  facial  and/or  neck  pruritus  or 

epidermis,  which  also  predisposes  the 

dermatitis. 

patient to sepsis. 

3)  Rule out differential diagnoses

–  EM  or TEN  may  be  triggered  by  factors 

–  Ectoparasites; allergies; bacterial, fungal, 

other  than  drugs,  including  infections, 

and  viral  infections;  immune- mediated 

systemic  disease,  neoplasia,  vaccines,  or 

diseases; neoplastic diseases; and behav-

adverse  reactions  to  food;  or  may  occur 

ioral disorders. 

as  an  idiopathic  immune- mediated 

–  Perform  skin  scrapings,  skin  and  otic 

dermatosis. 

cytology,  otic  mite  preps,  Wood’s  lamp 

iii)  Diagnosis

examination, and fungal culture. 

1)  History of recent medication use. 

4)  Skin biopsies may help rule out differential 

2)  Abatement  of  symptoms  following  drug 

diagnoses. 

withdrawal. 

iv)  Treatment

3)  Skin biopsies are indicated and may confirm 

1)  Requires cessation of methimazole treatment

the diagnosis. 

–  May occur with transdermal formulations 

iv)  Treatment

of methimazole as well. 

1)  Discontinue use of prior drug(s). 

2)  May  be  partially  responsive  to  glucocorti-

–  Often symptoms begin to subside within 

coids at anti- inflammatory doses. 

1–2 weeks. 

v)  Prognosis

2)  Avoid chemically similar drugs. 

1)  Good to excellent for resolution of dermato-

3)  Severe EM or TEN requires intensive support-

logic signs when methimazole treatment is 

ive care including fluid/nutritional support. 

stopped. 

–  Attempt to diagnose and treat an underly-

2)  Alternative  therapy  for  hyperthyroidism  is 

ing cause of EM or TEN if a drug reaction 

required. 

is not suspected. 

j)  Feline acne

4)  The  use  of  glucocorticoids  is  controversial 

i)  Overview

and may predispose to sepsis. 

1)  Thought to be a localized keratinization dis-

5)  Chlorambucil (Leukeran) 0.1–0.2 mg/kg PO 

order of the hair follicles. 

q24h  or  modified  cyclosporine  (Neoral  or 

2)  Poor grooming habits, production of abnor-

Atopica) 5–7 mg/kg PO q24h. 

mal sebum, stress, or other factors (allergies) 

–  Both  medications  have  been  used  with 

may play a role in the pathogenesis. 

variable success. 

3)  Commonly complicated by secondary bacte-

6)  Systemic antibiotics are used for secondary 

rial infection. 

bacterial infections or suspected sepsis. 

4)  Outbreaks  have  been  seen  in  multiple- cat 

–  If an antibiotic is suspected as causing a 

households  and  catteries,  but  attempts  to 

reaction, select an antibiotic from a differ-

isolate viral or other infectious causes have 

ent class. 

been unsuccessful. 
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ii)  Clinical signs

–  Due to presence of furunculosis in many 

1)  The most commonly affected site is the chin, 

cases, topical and/or systemic glucocorti-

but lesions may also be seen on the lips. 

coids  at  anti- inflammatory  doses  can  be 

2)  Lesions may include:

prescribed. 

–  Comedones,  crusts,  alopecia,  erythema, 

6)  Daily  oral  fatty  acid  supplementation  may 

papules,  pustules,  nodules/fistulae,  chin 

benefit recurrent or persistent cases. 

swelling, or regional lymphadenopathy. 

–  Administer a supplement containing EPA 

–  Pruritus is variable. 

(eicosapentaenoic acid) at 180 mg EPA/10 

–  Cysts  and  scarring  may  occur  in 

pounds  body  weight/day  either  in  cap-

chronic cases. 

sule, liquid, or powder form. 

iii)  Diagnosis

v)  Prognosis

1)  Often  based  on  clinical  appearance,  but 

1)  Many affected cats have recurrent or persis-

cytology,  deep  skin  scrapings,  and  fungal 

tent disease and require maintenance topi-

cultures are needed to rule out differential 

cal  therapy  on  a  twice  weekly  or  more 

diagnoses and to identify secondary or con-

frequent basis. 

current infections. 

k)  Eosinophilic granuloma complex

2)  Bacterial  culture/sensitivity  and  skin  biop-

i)  Overview and clinical signs

sies are indicated in persistent, refractory, or 

1)  See “Clinical signs” and “Diagnosis” in the 

unresponsive cases. 

earlier text. 

3)  Differential  diagnoses  include  bacterial  or 

ii)  Diagnosis

fungal (yeast or dermatophytes) infections, 

1)  Often based upon clinical appearance. 

demodicosis, 

eosinophilic 

granuloma 

2)  Skin cytology

(allergy),  contact  dermatitis,  or  idiopathic 

–  Often reveals a predominance of eosino-

keratinization disorders. 

phils, but neutrophils or bacteria may be 

iv)  Treatment

present as well. 

1)  Don’t  make  the  treatment  worse  than  the 

3)  Rule out ectoparasitic infection

disease,  as  some  cats  are  asymptomatic  or 

–  Trial of fluralaner q3 months or sarolaner 

mildly affected. 

q1 month. 

2)  Avoid  plastic  food  and  water  bowls;  wash 

4)  Skin biopsies may provide the final diag-

bowls daily. 

nosis  and  aid  in  ruling  out  differential 

3)  Mild cases

diagnoses  such  as  squamous  cell  carci-

–  Benign, neglect if asymptomatic. 

noma,  other  neoplasia,  or  herpesvirus 

–  Wash affected areas 1–3 times per week 

dermatoses. 

with  benzoyl  peroxide  or  chlorhexidine- 

iii)  Treatment

based  or  sulfur- based  (antiseborrheic) 

1)  Treat  ectoparasite  and/or  secondary  bacte-

shampoos or wipes. 

rial infections. 

● 

Benzoyl  peroxide  may  lead  to 

2)  Anti- inflammatory doses of oral or injecta-

overdrying. 

ble  glucocorticoids  can  be  very  helpful  in 

4)  Moderately affected cases

acute situations, but steroid therapy is not a 

–  Mupirocin 2% ointment topically q12h × 

replacement for the diagnosis and manage-

3–6 weeks, if bacteria present on cytology. 

ment  of  the  underlying  cause  (see  “Flea 

–  More  frequent  topical  cleansing  (fre-

allergy dermatitis”), often allergic dermatitis 

quency depends upon severity). 

(flea, food, or atopy). 

5)  Severe cases

3)  Modified  cyclosporine  (Neoral  or  Atopica) 

–  Sedate, clip, and gently scrub with chlo-

5–7.5 mg/kg PO q24h. 

rhexidine  or  benzoyl  peroxide  cleanser. 

–  Treat  daily  ×  4–6  weeks  and  then  taper 

Warm compress with magnesium sulfate 

over  2–4  months  to  lowest  effective 

(Epsom  salt)  solution  (2  tbsp/quart  or 

frequency. 

30 ml/l water) for 5–10 minutes. 

4)  If final diagnosis of atopy, consider allergy 

–  Topical mupirocin ointment or metroni-

testing and starting allergen- specific immu-

dazole gel. 

notherapy  for  long- term  management 

–  Instruct owners not to express lesions at 

(Figure 37.11 and Table 37.1). 

home. That may lead to internal rupture 

of comedones and more inflammation. 

Table 37.1  Drug table. 

Contraindications or 

Routes of administration 

Drugs

Classes

MOAs

Side effects

precautions

and doses

General uses

Amoxicillin

Aminopenicillin 

Inhibits bacterial 

GI side effects

Known hypersensitivity  11–22 mg/kg PO or SQ q 

Bite- wound infections; 

antibiotic

cell wall synthesis

to beta- lactams

12h

not useful for 

Staphylococcal pyoderma

Amoxicillin–

Aminopenicillin 

Inhibits bacterial 

GI side effects

Known hypersensitivity  15 mg/kg PO q12h for bite 

Bite- wound infections; 

clavulanate

antibiotic with 

cell wall synthesis

to beta- lactams

wound infections, up to 

pyoderma

beta- lactamase 

22 mg/kg PO q12h for 

inhibitor

pyoderma

Cefazolin

First- generation 

Inhibits bacterial 

GI side effects

Known hypersensitivity  22–30 mg/kg IV 

Pyoderma, trauma to 

cephalosporin 

cell wall synthesis

to beta- lactams

q12h × 3 weeks minimum 

skin with secondary 

antibiotic

for pyoderma

bacterial infection

Cefovecin

Third- generation 

Inhibits bacterial 

GI side effects

Known hypersensitivity  8 mg/kg SQ q2 weeks for 

cephalosporin 

cell wall synthesis

to beta- lactams, 

bite- wound abscesses and 

antibiotic

puppies and kittens 

pyoderma

<8 weeks of age

Cefpodoxime

Third- generation 

Inhibits bacterial 

GI side effects

Known hypersensitivity  5–10 mg/kg PO 

Pyoderma

cephalosporin 

cell wall synthesis

to beta- lactams, 

q24h × 3 weeks minimum 

antibiotic

off- label use in cats

for pyoderma

Cephalexin

First- generation 

Inhibits bacterial 

GI side effects

Known hypersensitivity  22–30 mg/kg PO 

Pyoderma, trauma to 

cephalosporin 

cell wall synthesis

to beta- lactams

q12h × 3 weeks minimum 

skin with secondary 

antibiotic

for pyoderma

bacterial infection

Chlorambucil 

Alkylating 

Cross- links cellular  GI side effects, 

Known 

0.1–0.2 mg/kg PO q24–48h

Eosinophilic granuloma 

(Leukeran®)

antineoplastic/

DNA

myelosuppression

hypersensitivity; 

complex lesions, 

immunosuppressive 

pre- existing bone 

pemphigus foliaceus, 

agent

marrow disease; 

erythema multiforme/ 

infections; pregnancy

cutaneous drug reactions

Chlorpheniramine

Alkylamine 

H1- receptor 

GI side effects, central 

Known 

2–4 mg/cat PO q12h

Atopy

antihistamine

antagonist

nervous system (CNS) 

hypersensitivity; 

depression, paradoxical 

caution with 

excitement, anticholinergic  hyperthyroidism or 

effects

cardiovascular disease

Clindamycin

Lincosamide 

Inhibits bacterial 

GI side effects

Known hypersensitivity  5–11 mg/kg PO q12h or 

First- line treatment for 

antibiotic

peptide bond 

to clindamycin or 

11–22 mg/kg PO 

bacterial pyoderma, otitis 

formation by 

lincomycin

q24h × 3 weeks minimum 

media, trauma to skin 

binding to 50 S 

for pyoderma

with secondary bacterial 

ribosomal subunit

skin infection

Cyclosporine A 

Immunosuppressant Inhibits T cell 

GI side effects; 

Active toxoplasmosis; 

5–7.5 mg/kg PO q24h for 

Allergies, eosinophilic 

(modified, Neoral® 

activation by 

hepatotoxicity or renal 

several drug 

allergies or eosinophilic 

granuloma complex 

or Atopica®)

inhibiting 

toxicity may occur at 

interactions; hepatic or  granuloma complex lesions,  lesions, erythema calcineurin

extremely high blood 

renal disease; caution 

5 mg/kg PO q12–24h for 

multiforme/ cutaneous 

levels; hirsutism

in cats with viral 

immunosuppression

drug reactions, 

diseases

pemphigus foliaceus

Dexamethasone

Corticosteroid

Glucocorticoid 

Polyuria, polydipsia, 

Diabetes, severe 

0.2–0.4 mg/kg PO q24h 

Autoimmune disease, 

activity

polyphagia, diarrhea, 

cardiovascular disease,  initially, taper to alternate 

otitis externa

weight gain, iatrogenic 

systemic fungal 

day or less frequent therapy; 

hyperadrenocorticism, 

infection, viral 

combine 2–3 ml injectable 

diabetes mellitus, 

infection, renal failure dexamethasone with 30 ml 

congestive heart failure

otic antimicrobial

Enrofloxacin 

Fluoroquinolone 

Inhibits bacterial 

Potential cartilage 

Known hypersensitivity  5 mg/kg PO q24h, or 10 mg/ Pyoderma based on (Baytril®)

antibiotic

DNA- gyrase

abnormalities in young 

to fluoroquinolones; 

ml concentration in 

bacterial culture and 

animals; ocular toxicity 

caution in cats <1 year  tris- EDTA as an otic 

sensitivity testing only, 

(blindness)

old; do not use >5 mg/ antimicrobial

resistant  Pseudomonas 

kg; caution with 

otitis media

known CNS disease; 

flavor tabs contain soy 

and pork

Fipronil

Antiparasitic agent

Inhibits GABA- 

Rarely irritation or alopecia  Kittens <8 weeks

Topically q 2–4 weeks 

Fleas, ticks

regulated chloride  at site of administration

(off- label at >q4 week 

channels

frequency)

Fluralaner 

Isoxazoline 

Inhibits GABA- 

Neurologic signs including  Kittens <6 months 

Topically q3 months

Fleas, ticks,  Cheyletiella, 

(Bravecto®)

antiparasitic agent

gated chloride 

ataxia, seizures; local 

and/or <2.6 pounds

 Notoedres,  Otodectes,  D. 

channels and 

irritation leading to 

 cati,  D. gatoi

glutamate- gated 

alopecia, pruritus, and 

chloride channels

crusting

Griseofulvin

Fungistatic 

Arrests metaphase  GI side effects, bone 

Known 

Fulvicin/Grifulvin 

Dermatophytosis

antibiotic

of cell division by 

marrow suppression, 

hypersensitivity; liver 

(microsized) 50–120 mg/kg 

disrupting 

hepatotoxicity, 

disease; FIV; 

PO divided daily with fatty 

structure of cell’s 

photosensitivity

pregnancy; kittens 

meal; Gris- PEG 

mitotic spindle

more sensitive to side 

(ultramicrosized) 5–15 mg/

effects

kg PO divided twice daily

Imidacloprid

Antiparasitic agent

Binds to nicotinic 

Rarely irritation or alopecia  Kittens <8 weeks

Topically q 1–4 weeks

Fleas

acetylcholine 

at site of administration

receptors

Imidacloprid + 

Antiparasitic agent

Imidacloprid (see 

Rarely irritation or alopecia  Kittens <9 weeks or 

Topically q1–4 weeks

Fleas, heartworm, 

moxidectin 

in the earlier text)

at site of administration

<2 lbs

 Notoedres,  Cheyletiella,  D. 

(Advantage multi®)

Moxidectin 

 gatoi

enhances release of 

GABA

( Continued)

Table 37.1  (Continued)

Contraindications or 

Routes of administration 

Drugs

Classes

MOAs

Side effects

precautions

and doses

General uses

Itraconazole

Triazole antifungal

Inhibits fungal cell  GI signs, rarely 

Known 

5–10 mg/kg PO q24h

Dermatophytosis

membrane 

hepatotoxicity

hypersensitivity; 

ergosterol synthesis

hepatic disease; 

pregnancy

Ivermectin 

Avermectin 

Enhances release 

Large safety margin in cats,  Age restrictions for cats  200–400 μg/kg SQ or PO 

 Otodectes,  Notoedres, 

(injectable and 

antiparasitic agent

of GABA

but neurotoxicity with 

not reported by 

q1–3 weeks (off- label use as   Cheyletiella, demodicosis

Acarexx®)

massive overdoses have 

manufacturers

ectoparasiticide)

been reported

Lime sulfur 

Antimicrobial, 

Unknown, thought  May stain light- colored 

Apply E collar until dry  Dilute according to label; 

 Notoedres,  Cheyletiella, 

(LymDyp®)

antiparasitic

to be combo of 

coats, stains jewelry, 

to prevent licking

use as a dip every 5–7 days  demodicosis, 

keratolytic effects 

unpleasant odor; salivation 

× 3–6 weeks

dermatophytosis

and formation of 

or vomiting if licked off 

miticidal chemicals hair coat

Marbofloxacin

Fluoroquinolone 

Inhibits bacterial 

Potential cartilage 

Known hypersensitivity  2.2–5.5 mg/kg PO q24h

Pyoderma, otitis medis

antibiotic

DNA- gyrase

abnormalities in young 

to fluoroquinolones; 

animals; unknown ocular  caution in cats <1 year 

toxicity

old; caution with 

known CNS disease

Methylprednisolone  Corticosteroid

Glucocorticoid 

Polyuria, polydipsia, 

Diabetes, severe 

5 mg/kg SQ or IM; do not 

Allergies, eosinophilic 

(Depo- Medrol®)

activity

polyphagia, diarrhea, 

cardiovascular disease,  repeat more frequently than  granuloma complex weight gain, iatrogenic 

systemic fungal 

q 2 weeks, check blood 

lesions, hypersensitivity 

hyperadrenocorticism, 

infection, viral 

glucose prior to injection

reactions to mites, oral 

diabetes mellitus

infection, renal failure

corticosteroids preferred 

for autoimmune diseases

Miconazole 

Imidazole antifungal Inhibits fungal cell  Topical contact reaction Known hypersensitivity 3–4 drops into ear canal 

Yeast ( Malassezia) otitis 

Conofite® or 

membrane 

q12h × 14–30 days

externa

shampoo

ergosterol synthesis

MilbeMite OTIC 

Antiparasitic agent

Inhibits GABA

None reported; consider 

Kittens <4 weeks

1 tube topically in each ear  Ear mites

(milbemycin 0.1%)

topical otic reaction

canal, repeat in 3–4 weeks if 

needed

Mupirocin 2% 

Antibiotic ointment Inhibits bacterial 

Potential nephrotoxicity 

Known sensitivity; 

Thin layer applied topically  Feline acne, localized 

ointment

protein synthesis

due to polyethylene glycol  avoid use on extensive  q12h × 3–6 weeks bacterial skin infections

content of vehicle

deep lesions; limit 

ingestion by cats

Otomax®/

Otic product 

Antibacterial, 

Topical contact reaction

Known 

3–4 drops into ear canal 

Bacterial ± yeast otitis

Mometamax®

combining 

antifungal, and 

hypersensitivity, 

q12h × 14–30 days

gentamicin, 

corticosteroid 

off- label use in cats

clotrimazole, and 

effects

betamethasone or 

mometasone

Polymyxin B

Polypeptide 

Increases 

Potential ototoxicity

Known hypersensitivity 3–4 drops in ear canal 

Otitis

antibiotic

permeability of 

q12h × at least 30 days

bacterial cell 

membrane

Prednisolone

Corticosteroid

Glucocorticoid and  Polyuria, polydipsia, 

Diabetes, severe 

1–4 mg/kg PO q12–24h, 

Allergies, eosinophilic 

mineralocorticoid  polyphagia, diarrhea, 

cardiovascular disease,  eventually taper (lower dose  granuloma complex activity

weight gain, iatrogenic 

systemic fungal 

for anti- inflammatory 

lesions, autoimmune 

hyperadrenocorticism, 

infection, viral 

effects, higher dose for 

disease (pemphigus)

diabetes mellitus

infection, renal failure immunosuppression)

Sarolaner 

Isoxazoline 

Inhibits GABA- 

Neurologic signs including  Kittens <6 months 

Topically q1 month

Fleas, ticks,  Cheyletiella, 

(Revolution Plus®)

antiparasitic agent

gated chloride 

ataxia, seizures; local 

and/or <2.6 pounds

 Notoedres,  Otodectes,  D. 

channels and 

irritation leading to 

 cati,  D. gatoi

glutamate- gated 

alopecia, pruritus, crusting

chloride channels

Selamectin

Avermectin 

Enhances release 

Rarely irritation or alopecia  Kittens <8 weeks

Topically q 2–4 weeks 

Fleas,  Otodectes, 

anti- parasitic agent

of GABA

at site of administration

(off- label at >q 4 week 

 Notoedres,  Sarcoptes, 

frequency)

 Cheyletiella

Silver sulfadiazine

Topical sulfonamide  Prevents bacterial  Topical irritation; rarely Known hypersensitivity  Thin layer applied topically  Burns, ulcers, skin antibiotic

replication by 

bone marrow, GI, liver, or  to sulfonamides

q 12–24h; 1% solution or 

trauma, otitis externa/

interfering with 

renal toxicities if large 

mixed 50:50 with water as 

media

folic acid synthesis amounts are absorbed

an otic solution

Terbinafine

Allylamine 

Inhibits fungal cell  Facial pruritus, GI side 

Known 

30–40 mg/kg PO q24h

Dermatophytosis

antifungal

membrane 

effects, neutropenia, 

hypersensitivity; 

ergosterol synthesis  hepatotoxicity, cutaneous 

hepatic or severe renal 

and inhibits fungal  drug reaction

disease

squalene 

metabolism

Tobramycin

Aminoglycoside 

Inhibits protein 

Topical contact reaction, 

Known hypersensitivity 3–4 drops into ear canal 

Resistant gram- negative 

antibiotic

synthesis by 

potential for ototoxicity

q12h × at least 30 days 

bacterial otitis

binding 30S 

(ophthalmic drops)

ribosomal subunit

( Continued)

Table 37.1  (Continued)

Contraindications or 

Routes of administration 

Drugs

Classes

MOAs

Side effects

precautions

and doses

General uses

Tresaderm®

Otic product 

Antibacterial, 

Topical contact reaction, 

Known hypersensitivity 3–4 drops into ear canal 

Bacterial ± yeast otitis

combining 

antifungal, and 

potential for ototoxicity

q12h × 14–30 days

neomycin, 

corticosteroid 

thiabendazole, and  effects

dexamethasone

Triamcinolone 

Corticosteroid

Glucocorticoid 

Polyuria, polydipsia, 

Diabetes, severe 

0.4–0.8 mg/kg PO q24h, 

Autoimmune disease 

acetonide

activity

polyphagia, diarrhea, 

cardiovascular disease,  taper as soon as possible to  (pemphigus), atopy weight gain, iatrogenic 

systemic fungal 

alternate day then twice 

hyperadrenocorticism, 

infection, viral 

weekly therapy; 0.11–

diabetes mellitus

infection, renal failure 0.22 mg/kg PO may be used 

for atopy

Tris- EDTA

Carrier vehicle or 

Tris = buffer, 

Topical contact reaction

Known hypersensitivity Fill ear canals with flush 

Gram- negative bacterial 

presoak ear wash

EDTA increases 

q12h prior to topical 

otitis, especially resistant 

permeability and 

antibiotics or mix with 

 Pseudomonas

sensitization of 

injectable enrofloxacin 

gram- negative 

(10 mg/ml concentration)

bacteria to 

antibiotics
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Toxicological Emergencies

 Tina Wismer

UNIQUE FEATURES



● Cats have limited metabolic enzymes to detoxify xenobiotics. Due to this, cats are uniquely sensitive to several substances. 



● The incidence of intoxication in cats is low compared to dogs; this is likely due to their more discriminating palate and nibbling versus gulping behaviors. However, any dermal exposure in a cat will soon become an oral exposure due to grooming behaviors. 



● There are few specific antidotes for treating intoxicated cats. 

   ● For the large majority of poisoning cases, timely decontamination and appropriate symptomatic and supportive care will greatly increase the chances of a favorable outcome. 

A) Telephone triage

i)  Unfortunately,  results  from  chemical  analysis 

a)  The immediate aims of the initial telephone triage 

are  generally  not  available  quickly  enough  to 

are to determine if the patient needs to be examined. 

influence initial case management. 

b)  Animals with respiratory distress, neurologic abnor-

b)  Intoxication with some chemicals causes a charac-

malities  (ataxia,  coma,  etc.),  protracted  vomiting, 

teristic group of clinical signs called toxidromes that 

slow or rapid heart rates, hemorrhage, weakness, or 

may narrow the list of differentials. 

pale  mucous  membranes  should  be  seen 

i)  Acetaminophen:  depression,  emesis,  cyanosis, 

immediately. 

facial edema, tachycardia, and tachypnea

c)  If  there  is  any  potential  of  poisoning,  the  animal 

ii)  Anticholinergics:  agitation,  dry  mucous  mem-

should be evaluated. 

branes, urinary retention, tachycardia, increased 

d)  The owner should be instructed to bring any pack-

body  temperature,  mydriasis,  and  decreased 

ages  or  material  that  the  patient  might  have  had 

peristalsis. 

access to, as well as any material the patient might 

iii)  Cholinesterase  inhibitors  and  cholinergics: 

have  vomited. The  material  should  be  placed  in  a 

DUMBBELLS— diarrhea,  urination,  miosis, 

plastic bag or plastic or glass container for possible 

bradycardia,  bronchospasm,  emesis,  lacrima-

evaluation. 

tion, lethargy, and salivation

B)  Home management

iv)  Sympathomimetics: agitation, tremors, seizures, 

a)  In most instances, it is more efficient and safer to 

increased  blood  pressure,  tachycardia,  tachyp-

have the patient brought into the clinic rather than 

nea, increased body temperature, and mydriasis. 

managed at home by the owner. 

c)  Although the majority of toxicants affect more than 

b)  For toxicants only expected to cause mild gastroin-

one organ system, identification of affected organ sys-

testinal  (GI)  upset,  home  monitoring  may  be 

tems based upon clinical signs and early diagnostic 

appropriate. 

testing can substantially narrow the differential list. 

C)  Diagnosis

d)  It is common for owners to think that their pets have 

a)  A  working  diagnosis  is  based  on  a  history  of  wit-

been poisoned whenever they become sick. This can 

nessed exposure; characteristic, suggestive, or suspi-

often be discounted based on detailed questioning of 

cious signs; and chemical analysis. 

the owner. 
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D) Exposure assessment

b)  Emesis  should  be  considered  if  the  toxin 


a)  Initial assessment of the poisoned cat involves apply-

has been ingested within the last 1–2 hours, 

ing the basic principles for assessment of emergency 

but this may vary. 

patients. Proper exposure assessment is important to 

i)  Beyond this time, it is likely that a sig-

avoid unnecessary decontamination and/or treatment. 

nificant amount of toxicant has either 

i)  Essential information includes identification of a 

been  absorbed  or  has  moved  farther 

chemical  and  its  concentration  (e.g.,  in  a  prod-

down  the  GI  tract.  Some  exceptions 

uct),  the  amount  of  chemical/product  ingested, 

include large ingestions of tablets or 

the time of ingestion, the weight of the animal, 

capsules that may form concretions in 

and the toxicity of the chemical (e.g., an oral LD50). 

the stomach, or ingestion of toxicants 

ii)  In many cases this information is not available. 

that delay gastric emptying. 

iii)  Conservative  estimates  of  exposure  need  to 

ii)  Cold  medications,  non- steroidal  anti- 

be made. 

inflammatory  drugs  (NSAIDs),  and 

iv)  Toxicity information specific to cats is often una-

acetaminophen  are  very  quickly 

vailable, and information from other species may 

absorbed, and if no emesis within the 

need to be extrapolated to cats. 

first 15 minutes, no recovery is expected. 

1)  This can be problematic due to metabolic or 

iii)  Rodenticides can remain in the stom-

other unique physiologic differences in cats. 

ach for up to 4 hours. 

b)  Sources of information

iv)  Chocolate can remain in the stomach 

i)  ASPCA Animal Poison Control Center: 1 (888) 

for up to 12 hours, so delayed emesis 

426- 4435 (charge per case; credit cards only); or 

may still be helpful. 

Pet Poison Helpline: 1 (800) 213- 6680 (charge per 

c)  Use of an emetic should be balanced with 

case; credit cards only). 

the  delay  in  administering  activated 

ii)  Regional human poison control centers: 1 (800) 

charcoal. 

222- 1222. 

d)  The efficacy of emesis declines rapidly if 

1)  Some  human  poison  control  centers  accept 

ingestion has occurred more than 1 hour 

calls related to animals. 

prior to induction. 

2)  Useful  for  obtaining  product  and  toxicity 

e)  There  are  several  contraindications  to 

information. 

inducing emesis (see Box 38.1). 

3)  Expertise to manage veterinary cases is variable. 

f)  Emetics

iii)  Web  resources  can  be  extremely  valuable  to 

i)  Dexmedetomidine— 7–10 mcg/kg 

obtain  information  regarding  the  identification 

IM or IV

of active ingredients and their toxicities. 

1)  Induces  emesis  by  stimulation  of 

E)  General decontamination strategies

alpha receptors in the chemorecep-

a)  Decrease further absorption

tor trigger zone (CRTZ). 

i)  Skin

1)  Bathe the cat with a mild liquid hand dish-

washing detergent. 

Box 38.1  Contraindications to the Use of Emetics

2)  Patients with exposure to powder should have 

their hair coat combed or vacuumed if possi-



● Prior vomiting

ble to remove significant amounts of the toxi-



● Respiratory distress

cant prior to bathing. 



● Ingestion of corrosives (acids or alkalis)

3)  Persons  performing  the  vacuuming  and/or 



● Ingestion of petroleum hydrocarbons (risk of 

aspiration)

bathing  need  to  wear  appropriate  clothing 

and protective gear. 



● Decreased or loss of gag reflex

ii)  Eyes should be flushed with copious amounts of 



● Seizures or the likelihood of the occurrence of 

seizures

tepid tap water, artificial tears, or saline solution, 

if ocular exposure has occurred. 



● Extreme weakness

iii)  Gastrointestinal decontamination



● Central nervous system (CNS) depression or coma

1)  Induction of emesis



● Laryngeal paralysis

–  Emesis  should  only  be  induced  in  the 



● Ingestion of a known toxicant with a rapid onset 

of action

asymptomatic patient. 
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2)  Emetic of choice in cats. 

of the stomach tube is then lowered 

3)  Advantages— works 

within 

below the level of the stomach and 

1–12 minutes (median 5 minutes). 

placed into a container to allow grav-

4)  Disadvantages— sedation,  but  can 

ity flow. Aspiration can be facilitated 

be  reverse  with  atipamezole 

by use of an aspiration bulb or 60- ml 

(50 mcg/kg IM or IV). 

syringe.  Vigorous  aspiration  should 

ii)  Xylazine— 0.44 mg/kg IM

be avoided. 

1)  Induces  emesis  by  stimulation  of 

iii)  Body  temperature  fluids  are 

alpha receptors in the CRTZ. 

recommended  to  avoid  severe 

2)  Advantages:  emesis  is  often  rapid 

hypothermia. 

(3–5 minutes). 



●

Gentle  manipulation  of  the  stomach 

3)  Disadvantages:  sedation,  can  be 

may assist with lavage- fluid drainage. 

reversed  (Yohimbine  HCl  at 



●

Lavage should be repeated with the ani-

0.5 mg/kg  IV  or  atipamezole  at 

mal in different positions until the lav-

0.05 mg/kg IM or IV). 

age  fluid  is  visually  clear  of  gastric 

iii)  3% hydrogen peroxide

contents. 

1)  Induces  emesis  by  local  irritation 



●

Activated charcoal can be administered 

of gastric mucosa. 

through the tube before removal. 

2)  Not  recommended  for  use  in  cats 



●

The  stomach  tube  should  be  kinked 

due  to  high  incidence  of  hemor-

when removed to prevent any drainage 

rhagic gastroenteritis. 

of lavage fluid into the esophagus, oro-

iv)  Apomorphine

pharynx, or mouth. 

1)  Rarely  works  in  cats,  as  it  stimu-



●

The esophagus, oropharynx, and mouth 

lates  dopamine  receptors  in  the 

should  be  suctioned  to  prevent  aspira-

CRTZ (cats vomit by stimulation of 

tion of any remaining fluid. 

alpha receptors). 

3)  Activated charcoal (AC)

v)  Ropinirole ophthalmic drops

–  Effective  adsorbent  for  many  organic 

1)  Rarely  works  in  cats,  as  it  stimu-

compounds. 

lates  dopamine  receptors  in  the 

–  Toxicants that are not well absorbed to AC 

CRTZ (cats vomit by stimulation of 

include ethanol, methanol, ethylene glycol, 

alpha receptors). 

isopropanol, and heavy metals (iron, lead, 

vi)  Other possible emetics (e.g., table salt, 

lithium, etc.). 

liquid  dishwashing  detergent,  etc.) 

–  Standard dose is 1 g/kg body weight. 

should NEVER be used. 

–  Some premixed formulations contain sorb-

2)  Gastric lavage (GL)

itol (osmotic cathartic). 

–  The main indication for GL is the presence 

–  May be given orally or via stomach tube. 

of a contraindication to the use of an emetic. 

–  Multiple doses of activated charcoal may be 

–  The efficacy of GL declines rapidly if inges-

indicated  when  the  ingested  toxicant 

tion has been >1 hour previously. 

undergoes  significant  enterohepatic  recir-

–  Technique

culation  (if  multiple  doses  of  AC  are 

● 

Anesthesia sufficient to allow placement 

administered, only one dose of a cathartic 

of  a  cuffed  endotracheal  tube.  Close 

should be given). 

monitoring is essential. 



●

AC  can  be  given  every  4  to  8  hours 

● 

Premeasure a stomach tube from the tip 

dependent  upon  the  half- life  of  the 

of the nose to the end of the last rib; use 

toxicant. 

largest size that will pass. 

–  The efficacy of activated charcoal declines 

● 

Lubricate the tube with K- Y gel and gen-

with time after ingestion. 

tly  pass  down  the  esophagus  into  the 

–  Constipation and concretion formation are 

stomach. 

rarely reported side effects. 

● 

Body temperature normal saline (10 ml/

–  AC can be very messy to administer. 

kg)  or  water  should  be  administered 

–  Owner should be advised that feces will be 

through the stomach tube. The free end 

black for several days. 
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–  Risks include aspiration and hypernatremia 

Box 38.3  Decontamination Procedures

due to free water loss into the gastrointesti-

nal tract typically when administered with a 



● Need to be matched to the individual patient’s 

cathartic. 

situation

4)  Cathartics



● Few evidence- 

based studies in veterinary medicine 

–  Assist  in  hastening  the  elimination  of 

to judge the efficacy of specific decontamination 

ingested  toxicants  and  AC–toxicant  com-

strategies

plexes from GI tract by causing diarrhea. 



● With a few exceptions, the efficacy of emetics and AC 

–  Administer orally or via stomach tube

± cathartics declines with increasing time since 

ingestion. 



●

Osmotic  cathartics  (sorbitol)  are  most 

commonly used. 



● Decontamination works by decreasing absorption 

and/or increasing excretion of the toxicant. 



●

Sorbitol  (70%)— 1–3 ml/kg  PO;  often 

found in premixed combination with AC. 

● 

Magnesium 

sulfate 

(Epsom 

salt)— 250–500 mg/kg  mixed  in  5–10 

times,  as  much  water  can  be  used 

2)  Ion trapping

instead if there is no evidence of renal 

–  Weak  acids  or  weak  bases  can  be  ionized 

disease. 

and therefore retained within renal tubules 

–  Contraindications to using cathartics are in 

by  increasing  or  decreasing  urine  pH, 

Box 38.2. 

respectively. 

–  There is no good evidence that the use of 

–  Urinary  acidification  should  only  be 

AC  +  cathartic  is  superior  to  the  use  of 

attempted if blood gases can be monitored. 

AC alone. 



●

Acidification is achieved by ammonium 

5)  Enema

chloride 44–144 mg/kg PO q12h; methio-

–  Plain  warm  water  (10 ml/kg)  or  warm 

nine 188–375 mg/kg PO; or ascorbic acid 

soapy  water  can  help  decrease  GI  transit 

20 mg/kg PO, IM, SQ. 

time in patients that are unable to take oral 

–  Urinary alkalinization (without forced diu-

cathartics. 

resis) is only recommended to increase the 

iv)  Facilitating toxicant clearance (Box 38.3)

clearance of salicylates. 

1)  Diuresis



●

Alkalinization is achieved by the intrave-

–  Forced diuresis is only efficacious with tox-

nous administration of sodium bicarbo-

ins that are excreted in the urine as the par-

nate  infused  at  1–2 mEq/kg  over 

ent compound. 

3–4 hours. 

–  Complications  of  forced  diuresis  include 



●

The goal is to achieve a urine pH of 7–8. 

electrolyte  abnormalities,  fluid  overload, 



●

The more alkaline the urine (up to a pH 

pulmonary  edema,  and  potential 

of  approximately  8),  the  greater  the 

alkalemia  or  acidemia  depending  on  the 

excretion. 

agent used. 

3)  Intravenous lipid therapy

–  Lipid emulsion used as fat component for 

parenteral  nutrition  can  also  be  used  to 

bind fat soluble toxicants and remove them 

Box 38.2  Contraindications to the Use of Cathartics

from the circulation (hasten recovery time). 

–  20% lipid solution: 1.5 ml/kg bolus, followed 



● Prior, significant diarrhea

by  0.25 ml/kg/min  for  30–60 minutes;  can 



● Very young or very old patients

repeat in 4–6 hours if not lipemic. 



● Patients with preexisting renal disease or known 

–  Complications  can  include  lipemia,  pan-

ingestion of nephrotoxicants (magnesium sulfate)

creatitis, volume overload, and removal of 



● Patients with volume depletion (dehydration)

other antidotal therapies. 



● Hemodynamic instability

4)  Cholestyramine



● Existing GI pathology such as ileus, perforation, coli-

–  Anion exchange resin that binds bile acids, 

tis, megacolon, hemorrhage, or obstruction

used  to  stop  enterohepatic  recirculation 



● Recent GI surgery

of toxins. 
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–  300–1000 mg/kg PO q8h; duration depends 

2)  Sulfate  conjugation  is  important  in  cats 

upon half- life of toxin (1–4 days). 

(depending  on  dose,  57–92%  undergoes 

5)  Other extracorporeal methods

sulfation). The sulfate pathway is easily satu-

–  Hemodialysis, 

hemoperfusion, 

and 

rated  due  to  the  limited  availability  of  inor-

plasma  exchange  are  options  at  several 

ganic sulfates. 

veterinary hospitals. Availability will vary. 

iii)  Once  phase  II  pathways  become  saturated, 

● 

The relative efficacy of these techniques 

cytochrome P450 oxidation leads to the forma-

is toxicant specific. 

tion  of  N- acetyl- p- benzoquinone  imine 

● 

Toxicant  classes  that  are  effectively 

(NAPQI) (depending on dose, 5–10% uses this 

removed  either  by  hemodialysis  or 

pathway). 

hemoperfusion  include  barbiturates, 

1)  This  reaction  also  generates  superox-

analgesics,  nonbarbiturate  hypnotics 

ide anions. 

and tranquilizers, alcohols (ethylene gly-

2)  Centrilobular  necrosis  occurs  (less  common 

col),  paraquat,  cardiovascular  drugs, 

in cats than dogs). 

antidepressants, 

methylxanthines, 

3)  NAPQI  is  detoxified  via  glutathione 

amanitin,  polychlorinated  biphenyls 

conjugation. 

(PCBs), and some metals. 

4)  Overdoses cause glutathione depletion, thus 

–  Peritoneal  dialysis  can  be  used  in  lieu  of 

preventing NAPQI detoxification. 

hemodialysis. 

iv)  Phase  I  deacetylation  of  acetaminophen  pro-

–  Plasma  exchange  is  the  best  choice  for 

duces para- aminophenol (PAP)

highly protein- bound toxicants with small 

1)  PAP  is  thought  to  cause  the  hematotoxic 

volumes of distribution (NSAIDs, etc.). 

effects (methemoglobinemia). 

F)  Acetaminophen (Box 38.4)

2)  Cats have reduced capacity for n- acetylation, 

a)  Widely available analgesic and antipyretic

so  methemoglobinemia  levels  increase 

i)  Formulations:  capsules,  tablets,  chewable  tab-

within  2–4  hours,  followed  by  Heinz  body 

lets,  granules,  liquids,  powders,  suspensions, 

formation. 

suppositories

d)  Mechanism of action

1)  Available in extended- release formulations. 

i)  Unconjugated  NAPQI  is  electrophilic  and 

2)  Up to 650- mg strengths. 

combines  with  numerous  proteins  damaging 

3)  Often found in combination with other drugs. 

the  liver  and  disrupting  hepatocellular 

b)  Toxicity

function. 

i)  Cats: doses as low as 10 mg/kg may be associated 

ii)  Methemoglobinemia  decreases  oxygenation  of 

with signs. 

tissues  and  Heinz  body  formation  can  lead 

c)  Relevant kinetics

to anemia. 

i)  Rapid absorption (peak plasma in 10–60 minutes). 

e)  Clinical signs

ii)  Rapid  metabolism  in  liver  by  glucuronidation 

i)  Acute  signs  in  cats  are  mostly  related  to  the 

and sulfation. 

hemotoxic changes

1)  Cats  have  low  uridine  5’- diphospho  (UDP)- 

1)  Methemoglobinemia,  chocolate- colored  or 

glucuronosyltransferase  activity  and  thus 

muddy mucous membranes, tachypnea, tach-

have diminished ability to conjugate acetami-

ycardia,  respiratory  distress,  open- mouth 

nophen  (depending  on  dose,  1–16%  under-

breathing, anxiety, depression, hypothermia, 

goes glucuronidation). 

vomiting, and death

2)  Hepatotoxicity occurs, but is rare. 

3)  Edema  of  face  and  paws  can  occur,  the 

Box 38.4  Acetaminophen

mechanism is unknown. 

ii)  Clinical  pathology:  methemoglobinemia,  ane-



● Decontamination must balance potential efficacy 

mia,  hemoglobinemia,  hemoglobinuria,  ↑  ala-

with risks. 

nine  transaminase  (ALT)  and  aspartate 



● Methemoglobinemia occurs within 6 hours. 

aminotransferase (AST), and bilirubinemia. 



● Hepatotoxicity is rare in cats. 

1)  Later hepatic failure may result in coagulopa-



● Early administration of N- acetylcysteine (NAC) is crit-

thy  with  ↑  PT  (prothrombin  time)  and  acti-

ical to case outcome. 

vated partial thromboplastin time (APTT). 
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f)  Diagnosis

c)  Toxicity

i)  Often  relies  on  history  of  exposure  and  occur-

i)  Cats  are  susceptible  to  toxicosis  due  to  their 

rence of typical signs. 

hemoglobin being 2–3 times more susceptible to 

ii)  Plasma, serum, and urine can be tested for pres-

oxidative  damage  than  hemoglobin  of  other 

ence of acetaminophen. 

species. 

1)  Test results are not rapidly available to assist 

ii)  Raw and cooked  Alliums are toxic

in case management. 

iii)  Amounts greater than 5 g/kg can be hematotoxic. 

2)  Testing at human hospital labs is not sensitive 

d)  Mechanism of toxic action

enough for cats. 

i)   Allium  spp.  contain  sulfoxides  that  are  hydro-

g)  Decontamination

lyzed  to  thiosulfinates  and  then  to  dipropyl 

i)  Activated charcoal can be given to the asympto-

sulfide.  Dipropyl  sulfides  oxidize  RBC  mem-

matic patient. 

branes,  resulting  in  hemolysis,  Heinz  bodies, 

ii)  The  risk  of  handling  hypoxic  animals  is  not 

anemia, 

and 

less 

commonly 

worth the risk of decontamination. 

methemoglobinemia. 

h)  Treatment

ii)  Damaged erythrocytes are removed from circula-

i)  Stabilize vital signs

tion, 

causing 

hemoglobinemia 

and 

1)  Supplemental oxygen. 

hemoglobinuria. 

ii)  N- acetylcysteine (NAC) is “antidotal” 

iii)  Garlic preparations that have not been aged can 

1)  Provides cysteine (which is the rate- limiting 

cause direct damage to the GI mucosa. 

amino acid for glutathione production), pro-

e)  Clinical signs

vides  sulfhydryl  groups  for  sulfate  conjuga-

i)  Vomiting,  weakness,  pale  mucous  membranes, 

tion  or  glutathione  production,  and  can  be 

discolored  urine  (brown,  pink,  or  red— 

oxidized  to  organic  sulfate.  NAC  will  also 

hemoglobinuria),  anemia,  ataxia,  tachypnea, 

bind to NAPQI. 

and tachycardia. 

2)  Available as 10% or 20% sterile solution. 

f)  Diagnosis

3)  Administer diluted to a 5% solution

i)  History of exposure to  Allium spp. and compati-

–  Loading  dose:  140 mg/kg  IV  or  PO  (IV 

ble signs. 

administration preferred if the cat is vomit-

g)  Treatment

ing or dyspneic); can give 280 mg/kg load-

i)  Decontamination  can  be  performed  in  the 

ing dose if methemoglobinemia is present. 

asymptomatic  cat  if  ingestion  was  within  a 

–  Maintenance dose: 70 mg/kg IV or PO q6h 

few hours. 

for 5–7 treatments. 

ii)  Monitor  urine  color  and  hematocrit  (HCT)  for 

4)  NAC  decreases  the  half- life  of  methemo-

5 days. If anemia develops, IV fluids should be 

globinemia in cats from 10 to 5 hours. 

started  to  protect  the  kidneys  from  free  hemo-

iii)  Other  sulfur  donors  (S- adenosyl- L- methionine 

globin, oxygen supplementation if needed, and 

[SAMe]) and antioxidants (ascorbic acid) may be 

whole blood transfusion. 

used in addition to NAC

iii)  Manage any vomiting with maropitant (1 mg/kg 

1)  SAMe administered at 20 mg/kg/day PO has 

SQ, IV). 

shown positive liver effects in cats. 

H) Amphetamines

2)  Acorbic acid provides a slow- acting, nonenzy-

a)  There  are  a  number  of  prescription,  over- the- 

matic  reduction  of  methemoglobin  back  to 

counter (OTC), and illicit amphetamine compounds. 

hemoglobin. 

i)  Prescription amphetamines are used to treat obe-

iv)  Early treatment is critical to survival. 

sity,  narcolepsy,  and  attention- deficit/hyperac-

G)  Allium species

tivity disorder. 

a)  The   Allium  genus  contains  onions,  garlic,  chives, 1)  Examples  include  methylphenidate,  dextro-leeks, shallots, and scallions. 

amphetamine, 

and 

lisdexamfetamine, 

b)  Relevant kinetics

among others. 

i)  Gastrointestinal signs occur quickly, and hema-

ii)  OTC drugs include pseudoephedrine. 

totoxic effects peak 3–5 days later. 

iii)  Illicit amphetamines include methamphetamine 

ii)  Problems can also occur with chronic ingestion 

and a variety of “designer” drugs (methylenedi-

of small amounts (baby food containing onion or 

oxymethamphetamine [MDMA], 3,4- methylene

garlic powder). 

dioxy-  N- ethylamphetamine [MDEA], etc.). 
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b)  Toxicity

Box 38.5  Anticoagulant Rodenticides

i)  Can see clinical signs in cats as low as 0.2 mg/kg. 

The  oral  LD50  for  amphetamine  sulfate  and 



● Intoxication is uncommon in cats

methamphetamine  chloride  for  dogs  are 



● Intoxication most often associated with hemorrhage 

20–27 mg/kg and  9–11 mg/kg, respectively;  it  is 

into body cavities

unknown for cats. 



● Atypical clinical signs can occur if hemorrhage occurs 

c)  Relevant kinetics

within organs such as the brain, joints, or peri-

i)  Well absorbed following oral exposure, sustained 

cardial sac

release formulations have slower absorption rate 



● Vitamin K1 is antidotal, but takes time for active clot-

(up to 8 hours). 

ting factors to become available (6–12 hours)

ii)  Amphetamines  are  highly  lipid- soluble  and 



● Fresh frozen plasma (FFP), fresh plasma, or whole 

readily cross the blood–brain barrier. 

blood provides clotting factors immediately

iii)  Undergo liver metabolism and are eliminated via 



● Monitoring PT after cessation of vitamin K1 therapy is 

the kidneys. 

important to avoid a relapse

d)  Mechanism of toxic action

i)  Stimulate alpha- and beta- adrenergic receptors, 

causing a release of endogenous catecholamines 

e)  Relevant kinetics

at synapses in the CNS and heart. This results in 

i)  Readily absorbed with high- protein binding. 

peripheral  vasoconstriction  and  cardiac 

ii)  Variable half- lives. 

stimulation. 

f)  Toxicity

e)  Clinical signs

i)  Not well defined in cats; based on limited toxicity 

i)  Hyperactivity, restlessness, mydriasis, hypersali-

information. 

vation,  vocalization,  tachypnea,  tremors,  hyper-

ii)  Acute oral LD50s for warfarin in the cat (5–25 mg/

thermia, ataxia, seizures, and tachycardia. Some 

kg PO) and diphacinone (15 mg/kg PO). 

animals may be depressed, weak, and bradycardic. 

iii)  Due to lack of LD1 (lethal dose 1, lowest lethal 

f)  Diagnosis

dose) data, treatment is usually started at 0.5 mg/

i)  Urine  OTC  tests  are  not  validated  in  cats,  but 

kg  of  warfarin  and  0.02 mg/kg  for  other 

appear to be accurate. 

anticoagulants. 

ii)  For  confirmation,  blood  testing  should  be  per-

g)  Mechanism of toxic action

formed (testing not widely available from veteri-

i)  Blocks vitamin- K1- dependent clotting factor syn-

nary diagnostic laboratories; human drug- testing 

thesis by inhibiting vitamin K1 epoxide reductase

laboratories are more likely to be of assistance). 

1)  Prevents  the  recycling  of  vitamin  K1  from 

g)  Treatment

inactive to active form. 

i)  Decontamination protocol if deemed appropriate. 

2)  Affects production of clotting factors II, VII, 

ii)  Control  agitation  with  phenothiazines  (ace-

IX, and X. 

promazine 0.025 mg/kg IV, titrate up to effect). 

3)  Intrinsic,  extrinsic,  and  common  coagu-

8)  Benzodiazepines  may  exacerbate  neurologic 

lation pathways are affected. 

effects. 

h)  Clinical signs

iii)  Control hyperthermia. 

i)  Onset  of  clinical  signs  is  delayed  for  3–5  days 

iv)  Tachycardias respond to β- blockers such as pro-

after ingestion due to lag time in consumption of 

pranolol (0.02 mg/kg IV, titrate up as needed). 

active clotting factors. 

v)  Tremors can be controlled with methocarbamol 

1)  Clotting  factor  VII  has  the  shortest  half- life 

(100–150 mg/kg IV, titrate up as needed). 

and is therefore the first factor to be affected. 

I)  Anticoagulant rodenticides (Box 38.5)

ii)  Initially, clinical signs can be vague and include 

a)  Exposures are still common even with Environmental 

lethargy,  weakness,  and  anorexia.  More  signifi-

Protection Agency (EPA) restrictions. 

cant signs include dyspnea, epistaxis, hemoptysis, 

b)  Available anticoagulant rodenticides include warfa-

hematoma formation, bleeding into body cavities, 

rin, diphacinone, and chlorophacinone. 

melena, hematuria, and gingival bleeding. Other 

c)  Available in wax blocks and soft baits. 

signs  can  include  coughing,  pallor  and  weak 

d)  Secondary  intoxication  via  ingestion  of  poisoned 

peripheral pulses, emesis, lameness, ecchymoses 

rodents  is  possible  if  poisoned  rodents  are  a  large 

or skin bruising, acute collapse, acute upper air-

part of the diet. 

way obstruction, uterine bleeding, and seizures. 
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1)  Localized hemorrhage into joints, the brain, or 

3)  If  a  queen  is  lactating,  kittens  should  be 

pericardial sac may manifest as atypical signs. 

started on vitamin K1. 

iii)  Point- of- care ultrasound examinations or radio-

4)  Pregnant  queens  should  be  treated  as  men-

graphs may show pleural or abdominal effusions 

tioned in the earlier text with vitamin K1 until 

or loss of abdominal detail. 

queening  occurs;  consideration  should  be 

1)  Thoracocentesis  or  abdominocentesis  pro-

given to providing vitamin K1 to neonates. 

duces frank blood with a high hematocrit that 

J)  Bromethalin (Box 38.6)

does not clot. 

a)  Neurotoxic rodenticide

i)  Diagnosis

i)  Formulations: grain- based or all- weather (paraf-

i)  Clotting time abnormalities

fin) baits, or “gummy” worms for mole control. 

1)  One- stage  prothrombin  time  (OSPT)  is  pro-

b)  Toxicity

longed first (48–72 hours post ingestion). 

i)  Cats appear to be one of the most sensitive spe-

2)  Often, by the time of presentation, OSPT, acti-

cies;  0.54–1.8 mg/kg  is  an  oral  LD50  for  bro-

vated  partial  thromboplastin  time  (APTT), 

methalin bait. 

and  activated  clotting  times  (ACT)  are  all 

1)  Minimum oral toxic dose is 0.3 mg/kg. 

prolonged. 

c)  Relevant kinetics

ii)  Detection of specific anticoagulant rodenticides 

i)  Rapid absorption

is available for serum or whole blood, although it 

1)  Peak  plasma  concentrations  reached 

may take several days to receive results. 

within 4 hours. 

j)  Treatment

ii)  Rapid hepatic metabolism to toxic metabolite 

i)  If the animal has been exposed to a potentially 

(desmethylbromethalin). 

toxic amount of rodenticide but is not showing 

iii)  Significant elimination via the bile with possi-

clinical signs and if the animal is presented soon 

ble enterohepatic recirculation. 

after  ingestion,  decontamination  should  be 

d)  Mechanism of toxic action

considered. 

i)  Desmethylbromethalin  uncouples  oxidative 

ii)  If the animal is presented well after the exposure 

phosphorylation  in  neuronal  mitochondria, 

(too late for decontamination to be performed), 

which reduces ATP production. 

either clotting times can be monitored and vita-

ii)  Reduced ATP impairs sodium–potassium ion 

min  K1  therapy  instituted  if  they  become  pro-

pumps. Sodium and fluids accumulate within 

longed, or prophylactic vitamin K1 is administered 

the myelin sheath. 

(1.25–2.5 mg/kg PO q12h for 2–4 weeks). 

iii)  Movement of fluids into the myelinated regions 

iii)  If the animal is showing clinical signs, the first 

of the brain and spinal cord impairs nerve con-

concern is to stabilize the patient (e.g., adminis-

duction and increases intercranial pressure. 

tration of intravenous fluids for poor tissue perfu-

e)  Clinical signs

sion, thoracocentesis to improve respiration, etc). 

i)  Acute syndrome seen within 12 hours of inges-

1)  Vitamin  K1  therapy  should  be  instituted 

tion, and chronic (or low dose) syndrome may 

(1.25–2.5 mg/kg PO or SQ q12h) and FFP, fro-

take up to 5 days to manifest. 

zen plasma (slightly reduced levels of factors 

ii)  Higher doses: severe muscle tremors, hyperex-

V and VII compared with FFP), fresh plasma, 

citability,  hyperthermia,  hyperesthesia,  focal 

or whole blood should be given. 

motor and/or generalized muscle tremors that 

–  IV administration of vitamin K1 is gener-

may be exacerbated by light or noise, abnor-

ally not recommended (IV administration 

mal  postures  (Schiff- Sherrington   syndrome) 

can  be  associated  with  anaphylactic 

and forelimb extensor rigidity, opisthotonus. 

reactions). 

iii)  Lower doses: hind limb ataxia, paresis, patellar 

–  Administration  of  FFP,  fresh  plasma,  or 

hyperreflexia,  upper  motor  neuron  bladder 

whole blood instantly provides active clot-

paralysis,  loss  of  conscious  proprioception 

ting factors, whereas following vitamin K1 

administration, there will be a delay in for-

mation  of  active  clotting  factors  for 

Box 38.6  Bromethalin

6–12 hours. 

2)  Clotting  times  should  be  monitored  for  at 



● Neurotoxic rodenticide

48–72 hours  after  cessation  of  vitamin  K



● Clinical signs are dependent on the amount ingested. 

1 

treatment to avoid a relapse. 



● Cats are more sensitive than the target species. 



● Prognosis is poor in symptomatic animals. 
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leading to paralysis and loss of deep pain, and 

e)  Clinical signs

CNS depression. 

i)  Bradycardia, hypotension, pale mucous mem-

iv)  Decerebrate posture terminally. 

branes, slow capillary refill time, depression, 

v)  Increased  cerebrospinal  fluid  (CSF)  pressure 

ataxia, seizures, and coma. 

manifested as papilloedema, abnormal pulsing 

f)  Treatment

of retinal vessels, depression, stupor or coma, 

i)  Decontamination  protocol  if  deemed 

and elevated blood pressure with bradycardia. 

appropriate. 

f)  Diagnosis

1)  If  sustained  release  medication,  multiple- 

i)  Diagnosis  based  on  history  of  exposure  or 

dose AC may be warranted. 

color of bait in stool. 

ii)  Monitor  electrocardiogram  (ECG)  and  blood 

ii)  Detection of bromethalin in serum or plasma; 

pressure (BP). 

lab results can take days to weeks. 

iii)  Correct hypotension

g)  Treatment

1)  Intravenous  fluids  (crystalloid  or  colloid), 

i)  Delay in onset of clinical signs may necessitate 

monitor  for  pulmonary  edema,  and  avoid 

extended observation. 

volume overload. 

ii)  Decontamination

2)  Administer  calcium  as  calcium  chloride 

1)  Emesis if less than 4 hours. 

(0.1–0.3 mg/kg  IV  slowly  of  100 mg/ml 

2)  Gastric lavage if emesis is contraindicated. 

solution) or calcium gluconate (0.5–1.5 ml/

3)  Activated charcoal + cathartic

kg IV slowly of 100 mg/ml solution). 

–  Multiple- dose AC indicated due to likely 

3)  Insulin (1 U/kg bolus, followed by 0.1–10 U/

enterohepatic recirculation. 

kg/h IV CRI along with 7–20% dextrose IV). 

–  Avoid magnesium- containing cathartics. 

–  Insulin has positive inotropic effects. 

iii)  Control clinical signs

–  Effect  should  be  seen  within 

1)  Diazepam (1–2 mg/kg IV as needed) or lev-

30–45 minutes. 

etiracetam (20–60 mg/kg IV) for seizures. 

4)  Vasopressors  (e.g.,  dopamine  2–10 μg/kg/

2)  Methocarbamol (100–150 mg/kg IV, titrate 

min  IV  infusion)  can  be  tried  if  volume 

up as needed) for tremor control. 

expanded. 

3)  Mannitol  (0.5 g/kg  IV  over  20 minutes; 

5)  Intravenous  lipid  emulsion  (20%)  can  be 

repeated  doses  are  likely  to  be  needed), 

given (1.5 ml/kg IV bolus, then 0.25 ml/kg/

furosemide (1 mg/kg IV), and dexametha-

min for 30–60 minutes IV CRI; repeat in 4 

sone  (2 mg/kg  every  6  hours  IV)  may  be 

hours if not lipemic). 

used  to  reduce  cerebral  edema,  but  they 

iv)  Atropine  (0.02–0.04 mg/kg  IV)  for  bradycar-

have  little  effect  due  to  the  intramyelinic 

dia/atrioventricular (AV) block. 

location of the fluid. 

L)  Carbon monoxide (Box 38.7)

iv)  Maintain  hydration  and  electrolyte  balance. 

a)  Results  from  the  incomplete  combustion  of 

Judicious use of IV crystalloid fluid therapy is 

hydrocarbons. 

recommended  to  not  contribute  to  cere-

i)  Automobile exhaust, propane- powered engines 

bral edema. 

(e.g., forklifts, chainsaws, etc.), portable genera-

v)  Poor prognosis. 

tors, kerosene heaters, gas log fireplaces, smoke 

K)  Calcium channel blockers

inhalation, and gas furnaces or appliances. 

a)  Examples include verapamil, diltiazem, nifedipine, 

ii)  CO is clear, odorless, and nonirritating. 

and amlodipine

b)  Relevant kinetics

i)  Rapid absorption. 

Box 38.7  Carbon Monoxide

ii)  Signs within 30 minutes for immediate release, 

6–12 hours for extended release. 



● Recognition of intoxication is often difficult, since the 

c)  Toxicity

gas is colorless and odorless, and bright red mucous 

i)  Monitor any patient who received more than a 

membrane color is uncommon

therapeutic dose. 



● Carboxyhemoglobin can be measured by co- oximetry, 

d)  Mechanism of toxic action

but pulse oximeters do not differentiate carboxy-

i)  Prevent the opening of voltage- gated calcium 

hemoglobin and oxyhemoglobin

channels (L- type), thus slowing calcium influx 



● Oxygen therapy is primary treatment

and  inhibiting  calcium- dependent  processes 



● Fetal hemoglobin has greater affinity for CO than 

in cardiac cells. 

maternal hemoglobin. 
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b)  Relevant kinetics

ii)  Monitor  cardiac  function  and  correct 

i)  CO is absorbed from the lungs at a rate propor-

arrhythmias. 

tional to the respiratory exchange rate. 

iii)  Correct hypotension. 

ii)  Approximate  half- life  of  CO  in  room  air  is 

iv)  Fetal hemoglobin has a greater affinity for CO 

3–5 hours. 

than does maternal hemoglobin. 

c)  Toxicity

1)  Symptomatic  pregnant  animals  should  be 

i)  Lethal concentration is 1000 ppm (0.1%) with a 

maintained on 100% O2 for approximately 

1- hour exposure. 

5× the length of time it requires for mater-

d)  Mechanism of toxic action

nal symptoms to resolve. 

i)  CO  combines  with  hemoglobin  to  form  car-

2)  CO exposure can increase the incidence of 

boxyhemoglobin  (Hb  affinity  for  CO  is  250 

stillbirths. 

times more than for oxygen). 

3)  CO is a known teratogen, causing limb and 

ii)  Reduces availability of oxygen to tissues

cranial deformities. 

1)  Direct combination with hemoglobin (dis-

M) Carprofen

placing O). 

a)  NSAID of the propionic acid class that is used in 

2)  Decreases release of O from remaining car-

veterinary  medicine.  Chewable  formulations  are 

boxyhemoglobin sites. 

very attractive to cats. 

iii)  Tissue hypoxia and anoxia occur. 

b)  Relevant kinetics

iv)  Binding  to  myoglobin  may  be  responsible  for 

i)  Rapid oral absorption. 

cardiac arrhythmias, ischemia, and hypotension. 

ii)  Clinical  signs  typically  begin  within  hours 

v)  Binding to cytochrome oxidase may be the ini-

after acute exposure. 

tiating event that leads to CNS ischemic reper-

c)  Toxicity

fusion injury and delayed neuronal death. 

i)  Cats  are  generally  more  sensitive  than  dogs 

e)  Clinical signs

because of a deficiency in enzymes that metab-

i)  Nausea,  emesis,  ataxia,  tachypnea,  dyspnea, 

olize NSAIDs. 

tachycardia, syncope, hypotension, weakness, 

ii)  Can see GI ulcers at 4 mg/kg and AKI (acute 

lactic  acidosis,  seizures,  pulmonary  edema, 

kidney  injury)  at  8 mg/kg.  Neurologic  signs 

and coma. 

(ataxia, coma, etc.) are rare in cats, but may be 

ii)  ECG:  premature  ventricular  contractions 

seen at >50 mg/kg. 

(PVCs), atrial fibrillation, and heart block. 

d)  Mechanism of toxic action

iii)  Intoxicated animals seldom display character-

i)  NSAIDs  inhibit  cyclooxygenase  (COX) 

istic bright red gums or blood. 

enzymes,  blocking  prostaglandin  (PG)  pro-

f)  Diagnosis

duction. PGs are important for normal physi-

i)  Measure arterial carboxyhemoglobin

ologic  function  (GI  protection,  renal 

1)  Carboxyhemoglobin  absorbs  light  at  the 

medullary blood flow, etc.), but also mediate 

same  wavelength  as  oxyhemoglobin,  so 

pain and inflammation. 

pulse oximeters can give a falsely elevated 

ii)  Blocking  PG  leads  to  decreased  renal  blood 

or normal oxyhemoglobin saturation level. 

flow,  decreased  mucous  production  in  the 

2)  Co- oximetry  on  arterial  blood  samples 

stomach, and increased acidity leading to gas-

directly measures oxyhemoglobin and car-

trointestinal ulcers and renal tubular necrosis. 

boxyhemoglobin percent. 

iii)  Platelet  aggregation  can  also  be  affected  by 

3)  Carboxyhemoglobin concentrations do not 

NSAIDs through inhibition of platelet throm-

correlate well with severity of intoxication. 

boxane by COX inhibition. 

ii)  Diagnosis often relies on the history, clinical 

e)  Clinical signs

signs, and response to oxygen administration. 

i)  Vomiting  (±  blood),  anorexia,  lethargy, 

g)  Treatment

melena, abdominal pain, etc. 

i)  Hyperbaric oxygen is preferred, but if unavail-

ii)  Polyuria, polydipsia, etc. 

able, 100% oxygen via endotracheal tube, oxy-

f)  Diagnosis

gen cage, or mask

i)  In acute overdoses, history and clinical signs 

1)  Half- life of CO with hyperbaric oxygen in 

may be sufficient. 

20–30 minutes,  half- life  of  CO  with  100% 

g)  Treatment

O2 is approximately 30–80 minutes. 

i)  General decontamination if the patient is pre-

2)  Continue  treatment  until  the  patient  is 

sented early. 

asymptomatic. 

ii)  Protect the gastrointestinal tract
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1)  Proton- pump inhibitors (PPI) are preferred 

d)  Mechanism of toxic action

(omeprazole 1 mg/kg PO q12h) to treat GI 

i)  Calcitriol increases intestinal absorption of cal-

ulceration;  or  H2- receptor  antagonist  (less 

cium,  mobilizes  calcium  from  the  bones,  and 

potent than PPI; famotidine 0.5 mg/kg PO, 

increases renal tubular resorption of calcium. 

SQ, IM, IV q12–24h); sucralfate (0.25 g PO 

ii)  This  leads  to  increased  total  and  ionized  cal-

q6–12h as a slurry) if evidence of esophagitis

cium and secondary soft- tissue mineralization. 

2)  Maropitant (1 mg/kg IV, SQ) for vomiting. 

iii)  Renal ischemia occurs due to vasoconstriction 

3)  Monitor for signs of perforation. 

and  mitochondrial  calcification  secondary  to 

iii)  Prevent and/or manage renal effects

hypercalcemia. 

1)  Intravenous  fluids  at  a  diuresis  rate  to 

e)  Clinical signs

maintain renal perfusion for 48 hours. 

i)  Result from hypercalcemia. 

2)  Monitor blood urea nitrogen (BUN), creati-

ii)  Signs  related  to  effects  on  CNS,  muscles,  GI 

nine, and urinalysis for 48 hours. 

tract, cardiovascular system, and kidneys. 

iv)  Therapeutic  plasma  exchange  or  hemoperfu-

1)  Depression,  weakness,  anorexia,  emesis, 

sion may be an option for decontamination if 

polyuria,  polydipsia,  constipation,  dehy-

dose is severely high (>8 mg/kg) and cat is of 

dration,  melena,  hematemesis,  altered 

adequate size. 

ECG  (shortened  QT  and  prolonged  PR 

v)  Prognosis generally good. 

intervals),  bradycardia,  seizures,  shock, 

N) Cholecalciferol (vitamin D) and analogs (Box 38.8)

coma, and death. 

a)  Cholecalciferol  is  used  as  a  rodenticide  (0.075%) 

2)  Increased total and ionized serum calcium 

and can be found in dietary supplements; vitamin 

concentrations, increased BUN and creati-

D analogs such as calcipotriene, calcipotriol, and 

nine,  hyperphosphatemia,  and  decreased 

calcitriol can also cause similar signs. 

intact parathyroid hormone (PTH). 

b)  Relevant kinetics

3)  Radiographs  may  show  soft- tissue  miner-

i)  Following  ingestion,  cholecalciferol  is  rapidly 

alization of tissues (renal, GI, and cardiac) 

absorbed and transported to the liver, where it is 

and bronchi. 

metabolized to 25- (OH)- cholecalciferol (calcife-

d)  Diagnosis

diol), which is further metabolized by the kid-

i)  History of ingestion, increased total and ion-

neys  to  1,25- (OH)2- cholecalciferol  (calcitriol) 

ized calcium, increased serum concentrations 

and  24,25- (OH)2- cholecalciferol.  Calcitriol  is 

of  25- (OH)- cholecalciferol,  and  decreased 

the principal active form. 

intact PTH. 

ii)  Half- lives 

of 

cholecalciferol, 

e)  Treatment

25- (OH)- cholecalciferol,  and  calcitriol  are 

i)  General  decontamination  procedures  if  pre-

believed  to  be  months,  days,  and  hours, 

sented early

respectively. 

1)  Emesis if within 4 hours post ingestion. 

iii)  Elimination is primarily via bile and feces. 

2)  Activated charcoal (one dose) at 1 g/kg PO. 

c)  Toxicity

3)  Cholestyramine  (300 mg/kg  PO  q8h  for 

i)  Cats  can  develop  signs  at  0.1 mg/kg  of 

4 days) to stop enterohepatic recirculation. 

cholecalciferol. 

4)  Monitor  calcium  and  phosphorus 

q24hours. 

ii)  If  hypercalcemic,  reduce  serum  calcium 

concentrations

Box 38.8  Cholecalciferol and Analogs

1)  Normal saline diuresis (will need high rates 

if using steroids and diuretics). 



● Cholecalciferol has to be metabolized to active form 

2)  Furosemide (2–5 mg/kg IV q8–12h). 

of vitamin D to cause hypercalcemia. 

3)  Prednisolone (0.5 mg/kg PO, SQ, IM q12h). 



● Hypercalcemia results from increased calcium 

4)  Bisphosphonates

absorption from GI tract, decreased urinary excretion, 

–  Pamidronate  disodium  (1.3–2 mg/kg  in 

and removing calcium from the bone

0.9% sodium chloride slow IV over 2–4 



● Multiple treatment interventions may be needed to 

hours. Another infusion may be needed). 

lower body calcium: diuresis, furosemide, corticoster-

–  Zoledronic acid (0.15–0.2 mg/kg IV over 

oids, and bisphosphonates

15 minutes, dilute in 25 ml 0.9% saline). 



● 25- OH- cholecalciferol has a long half- life, which can 

iii)  Monitor  calcium  concentrations  every 

result in need for prolonged treatment

24 hours  to  monitor  effectiveness  of  therapy. 
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Monitoring should continue for up to 6 days 

b)  Cats are more sensitive due to their cholinesterase 

after cessation of therapy. 

activity being easily inhibited. 

iv)  Minimize dietary calcium intake. 

c)  Relevant kinetics

v)  Antiemetics  such  as  maropitant  (1 mg/kg 

i)  Good absorption via all routes of exposure. 

SQ, IV). 

ii)  Bioactivation  of  some  OP  insecticides  is 

vi)  Phosphate  binder  (aluminum  hydroxide 

required for toxicity. 

30 mg/kg BID). 

d)  Toxicity

O) Cholinesterase- inhibiting  insecticides  (organophos-

i)  Quite  variable— LD50s  from  the  low  mg/kg 

phorus (OP) and carbamate insecticides) (Box 38.9)

range to nearly 1000 mg/kg; most that are found 

a)  Use  has  decreased  over  the  years,  but  products 

in  home  or  garden  environments  are  moder-

licensed for agriculture, home, garden, and animal 

ately toxic (i.e., LD50s of several hundred mg/kg). 

use are still available. 

e)  Mechanism of toxic action

i)  Acetylcholine (ACh) is a neurotransmitter at 

several  sites,  including  autonomic  ganglia 

Box 38.9  Cholinesterase- Inhibiting Insecticides 

of  both  sympathetic  and  parasympathetic 

(Organophosphorus and Carbamate Insecticides)

nervous systems, between postganglionic par-

asympathetic nerve fibers and cardiac muscle, 



● Intoxications are less frequent, as many have been 

smooth muscle, and exocrine glands, at neuro-

removed from the market and have been replaced by 

muscular  junctions  of  the  somatic  nervous 

safer insecticides

system,  and  at  cholinergic  synapses  in  the 



● Acute signs are related to muscarinic and nicotinic 

CNS. Increased acetylcholine at these sites is 

receptor stimulation

the cause of clinical signs (see Figure 38.1). 



● Atropine reverses muscarinic signs

ii)  OPs and carbamates competitively inhibit ace-



● Atropine is combined with 2- 

PAM (pralidoxime, 

tylcholinesterase  (AChE)  by  binding  to  its 

 2- pyridine aldoxime methyl chloride) for OP intoxi-

esteric site. ACh accumulates in the synapse and 

cations, whereas 2- PAM is not needed for carbamate 

leads  to  excessive  synaptic  stimulation.  This 

intoxications

results in muscarinic, nicotinic, and CNS signs. 



● Recovery from carbamate intoxication is generally 

iii)  Cholinesterase enzyme binding is irreversible 

much more rapid than that following OP intoxication. 

with  organophosphorus  insecticides,  but 
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Figure 38.1  Acetylcholine neurotransmission. 
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reversible with carbamates. This accounts for 

and  respiratory  secretions.  The  amount  and 

the  delayed  recovery  following  organophos-

frequency  of  the  dose  are  dependent  on  the 

phorus insecticide exposure. 

occurrence  of  clinical  signs  amenable  to  atro-

iv)  Some  OPs  undergo  “aging,”  rendering  the 

pine  reversal.  Atropine  does  not  relieve  signs 

phosphorylated enzyme complex so stable that 

due to nicotinic receptor stimulation. 

recovery  of  AChE  activity  only  occurs  with 

1)  Glycopyrrolate  does  not  cross  the  blood–

new enzyme synthesis. 

brain barrier and therefore is not as effec-

f)  Clinical signs

tive as atropine for controlling CNS signs. 

i)  Onset is often rapid. 

iii)  Seizure  control:  diazepam  (1–2 mg/kg  IV)  or 

ii)  Acetylcholine receptors are classified as mus-

midazolam (0.5–1.0 mg/kg IV). 

carinic or nicotinic; clinical signs can be vari-

iv)  For  known  organophosphorus  insecticide 

able due to which receptors are stimulated and 

exposures,  pralidoxime  hydrochloride  or 

to what degree. 

2- PAM (10 mg/kg q12h IV) should be adminis-

iii)  Signs secondary to muscarinic receptor stimu-

tered to control the nicotinic signs. 

lation  include  hypersalivation,  lacrimation, 

1)  2- PAM facilitates the regeneration of cho-

urination,  defecation,  increased  respiratory 

linesterase activity and is more effective the 

sounds,  respiratory  distress,  bradycardia 

sooner after exposure it is administered. 

(although tachycardia can occur), and miosis. 

2)  2- PAM should be administered at any point 

iv)  Signs  secondary  to  nicotinic  receptor  stimula-

following exposure to an OP to see if a clini-

tion  include  skeletal  muscle  stiffness,  muscle 

cal improvement occurs. If improvement is 

fasciculations, tremors, weakness, and paralysis. 

noted, 2- PAM administration should be con-

v)  CNS  effects  may  predominate,  causing  rest-

tinued until the patient is asymptomatic. If 

lessness,  anxiety,  hyperactivity,  seizures,  or 

no improvement is seen within 24–36 hours, 

depression, or ganglionic stimulation may pre-

then 2- PAM should be discontinued. 

dominate in some situations resulting in tach-

v)  In  cases  of  known  carbamate  intoxication, 

ycardia or mydriasis. 

2- PAM  is  not  needed  due  to  rapid  enzyme 

vi)  Death is most often due to hypoxia secondary 

regeneration. 

to bronchial secretions and respiratory muscle 

vi)  Recovery  following  carbamate  exposure  is 

paralysis. 

generally rapid, while recovery following OP 

g)  Diagnosis

exposure may be prolonged. 

i)  Cholinesterase  activity  can  be  measured  in 

P)  Citrus oils

whole blood samples and compared to species- 

a)  Examples of citrus oil extracts include d- limonene 

specific normal ranges. A decrease in activity 

and linalool. Products containing citrus oil or cit-

of 50% or greater is strongly suggestive of expo-

rus  oil  extracts  include  insect  sprays,  pet  dips, 

sure to a cholinesterase- inhibiting insecticide. 

shampoos,  and  soaps.  Solvents  (degreasers),  fra-

1)  The  reversibility  of  cholinesterase  inhibi-

grances,  and  cleansers  also  contain  citrus  oils  or 

tion  by  carbamates  can  sometimes  make 

citrus oil extracts. 

test interpretation difficult, since spontane-

b)  Relevant kinetics

ous reactivation can occur following sam-

i)  Lipid soluble; good oral and dermal absorption. 

ple collection. 

ii)  Excretion via kidneys. 

ii)  Samples of stomach contents can be analyzed 

c)  Toxicity

for  specific  compounds  as  well  as  possible 

i)  Cats appear to be more sensitive than dogs due 

sources for exposure (baits, etc.). 

to decreased glucuronidation. 

iii)  If administration of 0.02 mg/kg of atropine IV 

ii)  Clinical signs beyond GI upset in cats are associ-

does not cause anticholinergic effects such as 

ated with dermal application of inappropriately 

mydriasis  and  tachycardia,  then  cholinester-

diluted flea and tick products. Severe necrotiz-

ase inhibition is possible. 

ing dermatitis, septicemia, and death have been 

h)  Treatment

reported after dermal application in cats. 

i)  Decontamination  should  be  considered  if 

d)  Mechanism of toxic action

appropriate following oral or dermal exposures. 

i)  Exact  mechanism  is  unknown,  but  dermal 

ii)  Atropine (0.1–0.2 mg/kg, ¼ dose IV and ¾ dose 

application  can  cause  central  and  peripheral 

IM or SQ). Repeat as need to control bradycardia 

vasodilation. 
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e)  Clinical signs

oropharyngeal, gastrointestinal, or respiratory 

i)  Hypersalivation  (transient)  and  vomiting  are 

mucosa.  Abdominal  discomfort,  hypersaliva-

common after oral ingestion. 

tion,  and  emesis  can  occur.  Increased  upper 

ii)  Dermal  application  can  cause  ataxia,  weak-

respiratory  sounds  are  common,  and  hyper-

ness, hypotension, muscle tremors (shivering), 

thermia, dyspnea, tachypnea, and general dis-

hypothermia, erythema, and dermatitis. 

comfort  can  occur.  Phenols  can  cause 

f)  Diagnosis

oral ulcers. 

i)  History of exposure, citrus smell may be noted 

f)  Diagnosis

on the skin or in the vomitus. 

i)  Characteristic odors can help confirm exposures. 

g)  Treatment

ii)  Laboratory analysis of limited value. 

i)  Decontamination  protocol  if  appropriate; 

g)  Treatment

bathing  with  mild  dish  detergent  if  dermal 

i)  Oral  exposures:  standard  decontamination 

exposure. 

approaches (emesis, AC, etc.) are generally not 

ii)  Oral  ingestions,  dilute  with  milk  or  water 

recommended. 

(15–30 ml),  consider  maropitant  (1 mg/kg  IV, 

1)  Dilution  with  milk  or  water  (15–30 ml) 

SQ) if needed. 

should be considered, although the efficacy 

iii)  Fluids IV if hypotensive, monitor BP and body 

of dilution is not known. 

temperature. 

2)  Neutralization of an acidic or basic product 

iv)  Skin reactions should be treated with antibiot-

should be avoided. 

ics,  antihistamines,  corticosteroids,  and  pain 

ii)  Dermal  or  ocular  exposures:  irrigation  with 

medication if severe. 

tepid tap water or normal saline. 

Q) Cleaning agents

iii)  Respiratory  care  if  evidence  of  aspiration 

a)  Common  household  cleaning  agents  include 

includes  oxygen  supplementation,  airway 

hypochlorite- based  bleaches,  ammonia  products, 

management including intubation, and possi-

soaps,  detergents,  phenols,  pine  oil,  and  glass 

bly bronchodilators. 

cleaners. 

iv)  Control  vomiting  with  maropitant  (1 mg/kg 

i)  Detergents  are  surfactants  in  combination 

IV, SQ), omeprazole (1 mg/kg PO q 12 h) can 

with inorganic ingredients. They are classified 

be given for GI mucosal irritation. 

as nonionic, anionic, or cationic. Nonionic and 

R)  Corrosives (Box 38.10)

anionic  are  irritants,  while  cationics  can  be 

a)  Acids,  alkalis,  and  cationic  detergents  are  locally 

corrosive (see corrosives in this chapter). 

corrosive

b)  Relevant kinetics

i)  Acids: acetic, boric, carbolic, chromic, formic, 

i)  Onset generally rapid (within a few minutes). 

hydrochloric,  oxalic,  nitric,  phosphoric,  and 

c)  Toxicity

sulfuric  acids;  drain  openers,  oven  cleaners, 

i)  Cats are more sensitive to phenol (due to lack 

automotive batteries, etc. 

of  glucuronidation)  and  pine- oil- containing 

ii)  Alkalis: sodium hydroxide, sodium carbonate, 

products. 

phosphate,  or  silicate;  denture  cleaners,  hair 

ii)  Concentrated  products  are  more  likely  to 

dyes, cement, and alkaline batteries. 

cause  signs,  compared  to  products  that  have 

iii)  Cationic  detergents:  quaternary  ammonium 

been diluted prior to exposure. 

compounds, 

benzethonium 

chloride, 

iii)  Some  ingredients  can  cause  CNS  depression 

benzalkonium  chloride,  alkyl  dimethyl 

(e.g., glycol ethers found in glass cleaners). 

3,4- dichlorobenzene, and cetylpyridinium chlo-

d)  Mechanism of toxic action

ride; fabric softeners, germicides, sanitizers, etc. 

i)  In general, anionic, nonionic, ammonia, glass 

cleaners,  and  chlorine bleaches  are irritating 

to mucous membranes. 

ii)  Phenols can cause oral burns. 

Box 38.10  Corrosives

iii)  Pine oil is irritating, but is also an aspiration risk. 

e)  Clinical signs



● Damage from acids is less penetrating than that 

i)  Signs are generally soon after exposure and are 

associated with alkalis

rarely delayed. 



● Standard decontamination protocols are not effective

ii)  As  these  are  primarily  irritants,  signs  are 



● Primary concerns relate to airway management, 

generally  associated  with  irritation  to 

mucosa perforation, or later stricture formation
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b)  Relevant kinetics

–  Acids  and  alkalis  are  not  effectively 

i)  With  acids  signs  are  seen  very  quickly  after 

adsorbed by AC. 

exposure. 

2)  Early dilution with milk or water (15–30 ml) 

ii)  Alkalis  and  cationic  detergents  can  have  a 

may decrease tissue damage. 

delayed onset of clinical signs and the full extent 

3)  Neutralization is not recommended (acids 

of the burns may not be noted for several hours. 

+ alkalis = heat production and increased 

c)  Toxicity

mucosal damage). 

i)  Injury is related to factors such as pH, concen-

iv)  Endoscopy  may  be  warranted  to  assess  the 

tration, volume, duration of contact with tissue, 

extent and severity of injury. 

stomach contents, and titratable acid reserve. 

v)  Inhibit  emesis  (maropitant  1 mg/kg  IV,  SQ) 

d)  Mechanism of toxic action

and  protect  the  GI  mucosa  (omeprazole 

i)  Acids induce tissue injury by causing protein 

1 mg/kg  PO  q  12  h;  sucralfate  slurry 

desiccation  and  coagulation  necrosis,  results 

0.25 g q 6h). 

in the formation of an eschar which generally 

vi)  Supportive  care  as  needed  (fluids,  feeding 

limits deeper tissue injury. 

tube, pain management, etc.). 

ii)  Alkalis  cause  tissue  dissolution,  collagen 

S)   Dracaena spp. 

destruction, fat saponification, and cell mem-

a)   Dracaena spp. contain around 120 species of plants, 

brane  emulsification  (liquefactive  necrosis), 

many are commonly used as houseplants. Common 

allow  for  greater  penetration  to  deeper  tis-

names include: dracaena, ribbon plant, corn plant, 

sue layers. 

dragon tree, and lucky bamboo. 

iii)  Cationics  cause  corrosive  damage  similar  to 

b)  Relevant kinetics

alkalis,  but  can  also  cause  systemic  signs 

i)  Signs occur quickly after ingestion. 

(hyperthermia, weakness, etc.). 

c)  Toxicity

e)  Clinical signs

i)  Ingestion of any plant material can cause GI 

i)  Oral burns, ptyalism, salivation, pain, vocali-

signs. Most cases are mild and self- limiting. 

zation,  dysphagia,  panting,  laryngeal  edema 

d)  Mechanism of toxic action

with  possible  airway  obstruction,  abdominal 

i)   Dracaena  spp.  contain  steroidal  saponins. 

pain, emesis, hematemesis, refusal to swallow, 

Saponins produce a soap- like foam in aque-

coughing, and melena. 

ous  solutions.  They  are  cytotoxic  in  high 

ii)  Perforation of esophoagus (esophageal injury 

concentrations. 

is much less common following acid ingestion 

e)  Clinical signs

versus alkali ingestion). 

i)  Vomiting (± blood), anorexia, diarrhea, hyper-

iii)  Perforation of the GI tract can lead to peritoni-

salivation, depression, mydriasis, etc. 

tis,  pleuritis,  sepsis,  circulatory  shock,  col-

f)  Diagnosis

lapse, and death. 

i)  History of plant ingestion, or plant material in 

iv)  Absence of clinical signs or evidence of upper 

vomitus. 

GI damage (i.e., burns) does not rule out dam-

g)  Treatment

age to esophagus or stomach. 

i)  Most cases have only mild self- limiting signs. 

v)  Most common sequela is development of stric-

ii)  If more than mild, consider maropitant (1 mg/

tures, although esophageal motility problems 

kg IV, SQ) for vomiting and omeprazole (1 mg/

have been described. 

kg PO q 12h) and sucralfate (0.25 g PO q 6h) if 

f)  Diagnosis

any hematemesis. 

i)  Based on clinical signs and history of exposure. 

T)  Duloxetine

g)  Treatment

a)  Duloxetine  is  a  serotonin  and  norepinephrine 

i)  Personnel should wear protective clothes and 

reuptake  inhibitor  (SNRI),  it  is  used  in  humans 

equipment during initial examination. 

to  treat  depression,  neuropathic  pain,  and 

ii)  Airway management and stabilization should 

fibromyalgia. 

be of immediate concern. 

b)  Relevant kinetics

iii)  Decontamination

i)  Duloxetine  is  a  delayed- release  capsule,  so 

1)  Typical  decontamination  procedures  are 

there can be a lag time of up to 8 hours before 

not useful. 

clinical signs occur; however, if the capsule is 

–  Emetics  re- expose  the  esophagus  and 

chewed, signs can be seen earlier. 

oropharynx. 

ii)  Signs last 12–48 hours. 
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c)  Toxicity

Box 38.11  Ethylene Glycol

i)  Mild  signs  (mydriasis,  sedation,  etc.)  start  at 

2 mg/kg, doses greater than 5 mg/kg can cause 



● Cats are more sensitive than dogs to EG

CNS and cardiovascular signs. No deaths have 



● EG itself is not highly toxic; metabolites are respon-

been reported in cats who received appropriate 

sible for most of the clinical signs

treatment. 



● Rapid absorption and metabolism of EG to toxic 

d)  Mechanism of toxic action

metabolites make early treatment essential

i)  Duloxetine  is  a  potent  inhibitor  of  neuronal 



● Diagnosis depends on ethylene glycol tests, occur-

serotonin and norepinephrine reuptake, it has 

rence of high anion and osmolar gaps, and poten-

some inhibition of dopamine reuptake. 

tially crystalluria

e)  Clinical signs



● Fomepizole and ethanol inhibit alcohol dehydroge-

i)  Mydriasis and lethargy are most common, fol-

nase and can be used as an antidote. 

lowed by hypersalivation, vomiting, tachycar-

dia,  ataxia,  anorexia,  vocalizing,  agitation 

(seen  at  higher  doses),  and  disorientation. 

c)  Toxicity

Tremors are rare, but can occur. 

i)  The  minimum  lethal  dose  of  undiluted  EG 

f)  Diagnosis

reported for cats is 1.5 mg/kg. 

i)  History of ingestion and clinical signs. Serum 

d)  Mechanism of toxic action

levels  are  not  clinically  relevant  and  are 

i)  Parent  EG  causes  CNS  depression  and  GI 

not timely. 

irritation. 

g)  Treatment

ii)  Glycolaldehyde  is  thought  to  contribute  to 

i)  Decontamination  of  emesis  and/or  activated 

CNS  effects,  but  it  is  rapidly  metabolized  to 

charcoal  can  be  performed  if  the  cat  is 

glycolic acid. 

asymptomatic. 

iii)  Glycolic  acid  is  a  major  contributor  to  the 

ii)  Acepromazine  (0.025–0.05 mg/kg  IV)  can  be 

occurrence of metabolic acidosis, which stim-

used for agitation and serotonergic signs (diso-

ulates respiratory compensation. 

rientation, vocalization, etc.). Cyproheptadine 

iv)  Glyoxylic acid is the most toxic metabolite; it 

(2–4 mg  PO)  can  be  used  as  a  non- selective 

inhibits cellular energy production. 

serotonin antagonist. 

v)  EG metabolites inhibit oxidative phosphoryla-

iii)  Methocarbamol  (100–150 mg/kg  IV)  can  be 

tion, cellular respiration, glucose metabolism, 

used for tremors. 

protein synthesis, and DNA replication. 

iv)  Duloxetine is highly lipid- soluble and intrave-

vi)  The parent compound and metabolites increase 

nous lipid emulsion (20%) can be given (1.5 ml/

serum osmolality. 

kg IV bolus, then 0.25 ml/kg/min for 30–60 min-

vii)  Metabolites are toxic to renal tubular epithelium. 

utes IV CRI; repeat in 4 hours if not lipemic). 

viii)  Oxalic  acid  complexes  with  calcium  to  form 

U) Ethylene glycol (EG) (Box 38.11)

calcium oxalate crystals. 

a)  EG  is  most  commonly  encountered  in  antifreeze 

1)  The  crystals  contribute  to  renal  tubu-

products. 

lar damage. 

i)  Undiluted antifreeze is 95% EG; often diluted 

e)  Clinical signs

1:1 with water for use in vehicles. 

i)  Signs  are  dose- dependent  and  can  be  attrib-

ii)  Sometimes used for malicious poisonings. 

uted to either the parent EG or metabolites. 

b)  Relevant kinetics

ii)  Signs change throughout toxicosis. 

i)  Rapid absorption and metabolism. 

iii)  Onset  of  signs  can  be  within  30 minutes  and 

ii)  Metabolized to toxic products such as glycolal-

early clinical signs can persist for up to 12 hours. 

dehyde,  glycolic  acid,  glyoxylic  acid,  and 

1)  Gastric  irritation  causes  nausea  and 

oxalic acid. 

vomiting. 

iii)  The first step in metabolism is production of 

2)  CNS  signs  include  depression,  ataxia, 

glycolaldehyde  by  alcohol  dehydrogenase  in 

weakness,  and  hyporeflexia.  Seizures  and 

the  liver  (this  enzyme  is  targeted  by  EG 

coma can occur with severe toxicosis. 

antidotes). 

3)  Muscle fasciculations, hypothermia, and an 

iv)  Metabolism  of  EG  to  glycolaldehyde  and  gly-

osmotic diuresis causing polyuria can occur 

colic acid to glyoxylic acid are rate- limiting steps. 

(cats remain markedly depressed and do not 

[image: Image 147]
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develop  polydipsia).  Diuresis  without 

increased water intake results in dehydration. 

iv)  Metabolites of EG increase the pool of unmeas-

ured anions causing an increased anion gap. 

1)  The anion gap is increased by 3 hours and 

peaks at 6 hours post ingestion; it remains 

elevated for up to 48 hours. 

v)  A  metabolic  acidosis  occurs  primarily  as  a 

result of glycolic acid accumulation (metabo-

lism of glycolic acid to glyoxylic acid is a rate- 

limiting step). 

1)  Evident from blood- gas analysis. 

vi)  Oliguric  renal  failure  becomes  evident  by 

36–72 hours post ingestion. 

1)  Signs include severe lethargy or coma, sei-

zures, anorexia, emesis, oral ulcers and sali-

vation, oliguria with isosthenuria, or anuria. 

2)  Kidneys are painful. 

3)  There  can  be  apparent  recovery  between 

the onset of early signs and the occurrence 

Figure 38.2  Calcium monohydrate. 

of acute renal failure. 

vii)  Calcium binding by oxalic acid can result in 

hypocalcemia. 

f)  Diagnosis

i)  The diagnosis is based on the history, physical 

exam  findings,  characteristic  clinical  patho-

logic abnormalities, urinalysis, and detection 

of ethylene glycol in serum, plasma, or urine. 

ii)  Large anion and osmolar gaps are evident. 

1)  Metabolites of ethylene glycol increase the 

pool  of  unmeasured  anions  in  the  serum 

resulting in an increased anion gap. 

2)  Hyperosmolality  occurs  because  ethylene 

glycol  is  an  osmotically  active,  small- 

molecular- weight  substance.  In  intoxica-

tion,  measured  osmolality  (requires  an 

osmometer)  versus  calculated  osmolality 

increases up to 150 mosm/kg. 

–  Multiplying the osmole gap by 5 approxi-

mates the serum ethylene glycol concen-

tration in mg/dl. 

iii)  Calcium oxalate crystals may be noted in urine 

Figure 38.3  Calcium dihydrate. 

in about 40% of cases. 

1)  Crystals  may  be  observed  as  soon  as  3–6 

hours post ingestion. 

2)  Calcium  oxalate  crystals  are  either  in 

iv)  Ethylene  glycol  can  be  detected  by  cageside 

monohydrate 

(six- sided 

prisms; 

serum tests. Kacey Diagnostics Ethylene Glycol 

Figure 38.2) or dihydrate forms (envelope 

Veterinary Test Strips (www.kaceydiagnostics. 

or  Maltese  cross;  Figure  38.3);  monohy-

com)  is  a  quantitative  test  for  dogs  and  cats. 

drate crystalluria is more common. 

VetSpec  Ethylene  Glycol  Qualitative  Reagent 

–  A less common form includes a “dumb-

Test Kit (www.catachem.com) is a qualitative bell” shape. 

colorimetric test for dogs and cats. 
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1)  Such tests are useful 30 minutes to 12 hours 

–  Can see sedation and ataxia in cats. 

after exposure. 

3)  Alcohol  dehydrogenase  inhibitors  should 

–  The tests are not specific for EG; glycerol 

be administered up to 36 hours post inges-

or  propylene  glycol  can  give  false- 

tion to prevent metabolism of residual EG. 

positive results. 

vi)  Close attention needs to be given to acid–base, 

v)  Commercial  or  veterinary  diagnostic  laborato-

electrolyte, and fluid imbalances. 

ries can detect EG, but results are often not avail-

1)  Calcium gluconate (10%, 0.94–1.4 ml/kg IV 

able quickly enough to guide initial treatment. 

over 20–30 minutes or to effect) should be 

1)  Such tests are more sensitive than the bed-

used to correct severe hypocalcemia. 

side test. 

2)  Furosemide  (1 mg/kg/h  CRI)  may  help  to 

vi)  Early after exposure, detection of fluorescence 

maintain urine output if there is concern 

using a Wood’s lamp in the oral cavity, in vomi-

for oligouria or anuria signaling AKI. 

tus, or on face and paws can be helpful due to 

V)  Gabapentin

the  presence  of  fluorescein  dye  in  antifreeze 

a)  Gabapentin is an amino acid structurally related to 

products. 

gamma- aminobutyric  acid  (GABA).  It  is  an  oral 

g)  Treatment

anticonvulsant and used to treat neuropathic pain, 

i)  The rapidity of absorption of EG or presenta-

psychiatric disorders, and migraines. 

tion after the onset of acute renal failure often 

b)  Relevant kinetics

precludes effective decontamination. 

i)  Well- absorbed  and  highly  lipid- soluble, 

ii)  In  addition,  the  rapid  metabolism  of  EG  to 

crosses the blood–brain barrier easily. 

toxic  metabolites  necessitates  early  antidotal 

ii)  Signs  start  within  30 minutes  to  6  hours and 

administration to improve survival. 

last up to 24 hours. 

iii)  Ideally,  immediate  hemodialysis  should  be 

c)  Toxicity

provided for decontamination if available and 

i)  Therapeutic dose in cats 1.25–30 mg/kg q8–12h. 

prior to the onset of azotemia and oligouria or 

ii)  Cats have ingested up to 440 mg/kg with only 

anuria (once acute renal injury has occurred, 

sedation  and  ataxia,  no  deaths  have  been 

prognosis is grave for return of renal function 

reported. 

even with hemodialysis). 

d)  Mechanism of toxic action

iv)  Intravenous fluids should be administered at a 

i)  Unknown, gabapentin has no effect on GABA 

rate to induce diuresis. 

binding, uptake, or degradation. It does bind 

v)  The most critical aspect of treating EG intoxi-

to voltage- activated calcium channels. 

cation is prevention of EG metabolism. 

e)  Clinical signs

1)  Ethanol  7%  solution  as  a  CRI  (8.6 ml/kg 

i)  Lethargy and ataxia are common, paradoxical 

loading dose, then 1.43–2.86 ml/kg/h CRI). 

excitation  (agitation,  tremors,  vocalization, 

–  Ethanol  is  a  competitive  substrate  for 

etc.) is rare. 

alcohol dehydrogenase. 

f)  Diagnosis

–  The CRI protocol maintains a more con-

i)  History of ingestion, serum levels are not eas-

stant  serum  concentration  and  reduces 

ily obtained in a timely manner. 

the  undesirable  side  effects,  including 

g)  Treatment

CNS  and  respiratory  depression, 

i)  Decontamination is usually not needed due to 

impaired glucose metabolism, and exac-

the mild signs expected. 

erbation  of  metabolic  acidosis  and  the 

ii)  Confine at home to prevent injury, seek veteri-

osmolar  gap  that  is  seen  with 

nary care if agitated. 

bolus dosing. 

W) Hypertonic sodium phosphate enemas

2)  Fomepizole  (125 mg/kg  IV  followed  by 

a)  Intoxication most common in cats

31.25 mg/kg IV at 12, 24, and 36 hours) has 

i)  Over- the- counter sodium phosphate enemas. 

been shown to be efficacious in cats. It is 

b)  Relevant kinetics

important to note the difference in doses in 

i)  Onset  of  clinical  signs  can  occur  within 

cats compared to dogs. 

30–60 minutes. 

–  Fomepizole is an alcohol dehydrogenase 

c)  Toxicity

inhibitor (not a competitive substrate for 

i)  Contents  of  one  enema  are  enough  to  cause 

the enzyme). 

serious signs. 
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ii)  Pre- existing renal disease increases the risk of 

d)  Mechanism of toxic action

toxicosis. 



i)   NSAIDs  inhibit  COX  enzymes,  blocking 

d)  Mechanism of toxic action

PG production. PGs are important for normal 

i)  Sodium and phosphate are absorbed from the 

physiologic  function  (GI  protection,  renal 

colon.  High  sodium  and  phosphate  content 

medullary blood flow, etc.), but also mediate 

causes  hypernatremia,  hyperosmolality, 

pain and inflammation. 

hyperphosphatemia, and hypocalcemia. If the 

ii)  Blocking  PG  leads  to  decreased  renal  blood 

calcium–phosphorus  solubility  product  is 

flow, decreased mucus production in the stom-

exceeded,  phosphorus  binds  and  precipitates 

ach, and increased acidity leading to gastroin-

calcium, leading to hypocalcemia. 

testinal ulcers and renal tubular necrosis. 

ii)  Rapid electrolyte changes result in CNS dehy-

iii)  Platelet  aggregation  can  also  be  affected  by 

dration  and  dysfunction  and  tetany  due  to 

NSAIDs through inhibition of platelet throm-

hypocalcemia. 

boxane by COX inhibition. 

e)  Clinical signs

iv)  Mechanism of CNS signs is unknown. 

i)  Depression,  ataxia,  vomiting,  diarrhea 

e)  Clinical signs

(±  bloody),  stupor,  coma,  miosis,  seizure, 

i)  Vomiting  (±  blood),  anorexia,  lethargy, 

and tetany. 

melena, and abdominal pain. 

f)  Diagnosis

ii)  Polyuria and polydipsia. 

i)  Diagnosis is based on history of exposure and 

iii)  Ataxia, recumbency, seizures, and coma. 

appropriate electrolyte changes. 

f)  Diagnosis

g)  Treatment

i)  In acute overdoses, history and clinical signs 

i)  Primarily supportive with low- sodium fluids 

may be sufficient. 

(D5W  or  0.45%  NaCl).  Sodium  concentra-

g)  Treatment

tions can fall quickly, since hypernatremia is 

i)  General decontamination if the patient is pre-

rapid  and  of  short  duration.  Fluid  diuresis 

sented early. Therapeutic plasma exchange or 

can  help  correct  hyperphosphatemia.  Plain 

hemoperfusion may be considered for severe 

water  enemas  (10 ml/kg)  can  also  help  to 

ingestions. 

lower  sodium  quickly.  Furosemide  can  be 

ii)  Protect the gastrointestinal tract

considered to enhance urinary sodium excre-

1)  PPI are preferred (omeprazole 1 mg/kg PO 

tion as long as the patient is normovolemic. 

q12h) to treat GI ulceration; or H2- receptor 

If  used,  urine  output  should  be  monitored 

antagonist (less potent than PPI; famotidine 

closely  and  intravenous  fluid  therapy 

0.5 mg/kg PO, SQ, IM, IV q12–24h); sucral-

adjusted accordingly. 

fate  (0.25 g  PO  q6–12h  as  a  slurry)  if  evi-

ii)  Extreme  hypocalcemia  can  be  treated  with 

dence of esophagitis

10% calcium gluconate (50–100 mg/kg slow IV, 

2)  Maropitant (1 mg/kg IV, SQ) for vomiting. 

monitor heart rate during administration). 

3)  Monitor for signs of perforation. 

iii)  If  treatment  is  delayed  by  24 hours,  isotonic 

iii)  Prevent and/or manage renal effects

fluids  should  be  used  to  lower  sodium  more 

1)  Intravenous  fluids  at  a  diuresis  rate  to 

slowly (not more than 0.5 mEq/h) to avoid cer-

maintain renal perfusion for 48 hours. 

ebral  edema  due  to  production  of  idiogenic 

2)  Monitor  BUN,  creatinine,  and  urinalysis 

osmoles. 

for 48 hours. 

iv)  Prognosis  is  good  with  prompt  care,  delayed 

iv)  If neurologic, can try naloxone (0.1 mg/kg IV) 

treatment decreases prognosis. 

or  intravenous  lipid  emulsion  (20%)  can  be 

X)  Ibuprofen

given  (1.5 ml/kg  IV  bolus,  then  0.25 ml/kg/

a)  Ibuprofen is a NSAID of the propionic acid class. 

min  for  30–60 minutes  IV  CRI;  repeat  in 

b)  Relevant kinetics

4  hours  if  not  lipemic)  to  reverse  coma. 

i)  Rapid oral absorption. 

Diazepam  (0.5–1 mg/kg  IV)  can  be  used  to 

ii)  Clinical  signs  typically  begin  within  hours 

treat seizures. 

after acute exposure. 

v)  Prognosis  generally  good  with  early  decon-

c)  Toxicity

tamination, diuresis, and gastrointestinal tract 

i)  Can see GI ulcers at 5 mg/kg, AKI at 20 mg/kg, 

protection. Good to guarded prognosis if AKI 

and CNS signs over 200 mg/kg. 

develops. 
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Y)  Insoluble calcium oxalate plants

ii)  When the tip of the idioblast is broken, liquid 

a)  Insoluble  calcium  oxalate  crystals  are  found  in  a 

(sap from plant, or saliva) enters the cells and 

variety of common houseplants and tropical orna-

causes the gelatin to swell. This increased pres-

mentals (Table 38.1). 

sure shoots the raphides from the cell and into 

b)  Relevant kinetics

the  gums,  tongue,  oral  mucosa,  and  pharyn-

i)  Signs occur within minutes to hours. 

geal area of the cat. The idioblasts will continue 

ii)  Signs  typically  last  a  few  hours,  should  be 

to  expel  crystals  for  a  significant  amount  of 

completely resolved by 24 hours. 

time (swallowed plant material). 

c)  Toxicity

iii)  Proteolytic  enzymes  stimulate  the  release  of 

i)  All parts of the plant are toxic. Different spe-

kinins and histamines in the body. This inflam-

cies will vary in toxicity. 

matory  response  worsens  the  mechanical 

ii)  Chewing,  tearing,  or  damaging  the  plant  is 

damage caused by the raphides. 

necessary to cause clinical signs. 

e)  Clinical signs

iii)  One bite can cause oral irritation, but rare to 

i)  Immediate  oral  pain,  vomiting,  lethargy, 

see enough ingested to cause severe signs. 

hypersalivation, and retching are all common. 

d)  Mechanism of toxic action

ii)  Swelling of the pharyngeal area is rare (espe-

i)  These plants contain needle- shaped raphides, 

cially in cats), but can occur with large inges-

which are spicules of calcium oxalate crystals. 

tions.  The  swelling  can  lead  to  dyspnea  and 

The raphides are packed in a gelatinous sub-

airway obstruction. 

stance and found in cells called idioblasts. The 

f)  Diagnosis

gelatin also contains free oxalic acid. 

i)  History of plant ingestion, or plant material in 

vomitus. 

Table 38.1  Latin and common names of some insoluble 

g)  Treatment

calcium oxalate plants. 

i)  Emesis  and  activated  charcoal  are  usually 

not needed. 

 Aglaonema modestum

Chinese evergreen

ii)  Dilute with milk or water (15–30 ml), consider 

maropitant (1 mg/kg IV, SQ) if needed. 

 Alocasia 

Alocasia, Elephant’s ear

iii)  If  dyspnea  develops  due  to  upper  airway 

 antiquorum or 

obstruction, a tracheostomy may be needed. 

 Colocasia

iv)  Most cases are mild and self- limiting. 

 Anthurium spp. 

Flamingo plant

Z)  Lead (Box 38.12)

 Arisaema 

Jack- in- the- pulpit

a)  Many  potential  sources  for  lead  exposure:  old 

 triphyllum

paints, contaminated dust and soil, vehicular bat-

 Arum maculatum

Cuckoo- pint

teries, linoleum, plumbing materials, grease, caulk-

 Caladium spp. 

Caladium, Elephant’s ear

ing material, toys, lead weights, fishing gear, leaded 

 Calla palustris

Wild calla, wild arum

glass, and solder. 

 Dieffenbachia spp. 

Dumb cane varieties

 Epipremnum 

Devil’s ivy, pothos varieties, marble 

 (Scindapsus) spp. 

queen, variegated philodendron, 

Box 38.12  Lead

taro vine

 Monstera spp. 

Ceriman, mother- in- law, Swiss 



● Most intoxications result from subacute to chronic 

cheese plant, hurricane plant, fruit 

exposures

salad plant, cut- leaf philodendron, 



● Clinical signs are nonspecific, but most often are ref-

Mexican breadfruit

erable to CNS or GI dysfunction

 Philodendron spp. 

Philodendron varieties



● Diagnosis is based on whole blood lead determina-

 Spathiphyllum spp. 

Peace lily

tion; such testing is readily available and quick

 Symplocarpus foetidus

Skunk cabbage



● Treatment relies on chelation; succimer has several 

 Syngonium 

Nephthytis

significant advantanges over the use of CaNa2EDTA

 podophyllum



● Identification of the source of exposure is important

 Xanthosoma spp. 

Malanga, caladium, elephant’s ears



● Lead is a significant public health concern; diagnosis 

 Zantedeschia 

Calla lily, arum lily

in a household pet warrants assessment of the pet 

 aethiopica

owners for possible exposure
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b)  Relevant kinetics

iv)  Clinical pathologic changes include mild anemia, 

i)  Bioavailability is greater in young animals. 

increased nucleated red blood cells, anisocytosis, 

ii)  Lead can cross the blood–brain barrier. 

polychromasia,  poikilocytosis,  hypochromasia, 

c)  Toxicity

basophilic  stippling  of  red  blood  cells,  and  ele-

i)  Cats  may  be  at  higher  risk  due  to  grooming 

vated  ALT  and  alkaline  phosphatase  (ALP) 

behaviors  in  areas  with  lead  particles 

reported in cats. 

(paint chips). 

f)  Diagnosis

d)  Mechanism of toxic action

i)  Measurement of lead concentrations in whole 

i)  Most cellular damage due to lead is caused by 

blood (generally >0.6 ppm is diagnostic; lower 

the ability of lead to substitute for a variety of 

concentrations may be significant, but must be 

polyvalent  cations,  especially  calcium  and 

interpreted  in  conjunction  with  history  and 

zinc, in their binding sites. 

clinical signs). 

ii)  Metal transport, energy metabolism, apoptosis, 

1)  Most  blood  collection  tubes,  including 

ionic  conduction,  cell  adhesion,  intercellular 

those  containing  EDTA,  can  be  used  for 

and intracellular signaling, diverse enzymatic 

blood  collection;  consult  laboratory 

processes, protein maturation, and genetic reg-

to verify. 

ulation can all be affected. 

ii)  Radiographs  may  reveal  radiodense  material 

iii)  The neurotoxicity of lead is most likely due to 

in the GI tract. 

such  diverse  mechanisms  as  lipid  peroxida-

g)  Treatment

tion; excitotoxicity (i.e., cell damage secondary 

i)  Attempts  to  remove  lead  from  GI  tract  are 

to  receptor  overstimulation  due  to  excitatory 

warranted. 

neurotransmitters such as glutamate); altera-

ii)  Use of cathartics or an enema may be useful. 

tions  in  neurotransmitter  synthesis,  storage, 

1)  Magnesium  or  sodium  sulfate  cathartics 

and  release;  alterations  in  expression  and 

(125–250 mg/kg  PO)  may  promote  forma-

functioning  of  receptors;  interference  with 

tion  of  lead  sulfate,  which  is  less 

mitochondrial  metabolism;  interference  with 

bioavailable. 

second  messenger  systems;  and  damage  to 

iii)  Lead chelation can be performed if the animal 

astroglia and oligodendroglia. 

is symptomatic. If asymptomatic, remove from 

iv)  The  mechanism  of  lead- induced  altered  GI 

source and monitor blood lead levels. 

motility  is  not  entirely  clear,  but  it  does  not 

1)  Succimer (10 mg/kg PO q8h for 5 days fol-

appear  to  be  related  to  an  effect  of  lead  on 

lowed by 10 mg/kg PO q12h for 2 weeks)

peripheral  nerves  or  calcium  flux.  Lead- 

–  Least nephrotoxic. 

induced relaxation may be due to stimulation 

–  Does not chelate essential elements. 

of  adenylate  cyclase  activity  resulting  in  an 

–  Can be used if lead is still in GI tract. 

increase  in  intracellular  cyclic  adenosine 

2)  Calcium disodium EDTA (27.5 mg/kg SC in 

monophosphate (AMP). 

15 ml  5%  dextrose  q6h,  for  5  days;  rest 

v)  Lead causes anemia by increasing erythrocyte 

5 days, repeat if needed)

fragility, delaying erythrocyte maturation, and 

–  Total dose should not exceed 2 g/day. 

inhibiting heme synthesis. 

–  May  require  multiple  courses  of 

e)  Clinical signs

chelation. 

i)  GI  and  neurologic  signs  are  most  com-

–  Nephrotoxic— monitor  renal  function 

monly noted. 

and insure hydration. 

ii)  Neurologic signs

–  Can  chelate  essential  elements  such 

1)  Seizures  (lead  is  one  of  the  only  toxins 

as zinc. 

that  will  cause  intermittent  seizures), 

3)  D- penicillamine (125 mg PO q 12h for 5 days)

behavioral  changes,  ataxia,  tremors,  and 

–  Nephrotoxic

blindness. 

iv)  A rest period should be employed after each 

iii)  GI signs

course of chelation. 

1)  Anorexia,  emesis,  abdominal  pain,  and 

1)  Whole  blood  lead  should  be  determined 

diarrhea. 

3–5 days after cessation of chelation; con-

2)  Regurgitation  secondary  to  megaesopha-

tinued  chelation  is  warranted  until  blood 

gus can occur. 

lead <0.3 ppm if clinical signs are present. 
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v)  Control  seizures— diazepam  or  midazolam 

iii)  With  large  doses  (>1 mg/kg)  monitor  heart 

(0.5–1 mg/kg IV). 

rate  (HR),  BP,  and  EKG  (electrocardiogram). 

vi)  Lessen cerebral edema— mannitol (0.25-2 g/kg 

Propranolol (0.02–0.06 mg/kg IV) can be used 

of 15-25% solution, slow IV infusion over 30-60 

for tachycardia. 

minutes; repeat in 6 hours if necessary); dexa-

iv)  Excellent  prognosis,  most  cats  only  develop 

methasone (2 mg/kg IV). 

mild signs. 

A) Levothyroxine

B)  Lilies

a)  Thyroid hormones are indicated for the treatment 

a)  Lilies  are  flowering  ornamental  plants  that  can 

of hypothyroidism in all species, they can be either 

cause acute kidney injury when ingested by cats. 

natural  or  synthetic  derivatives  of  thyroid  hor-

i)  Lilies  toxic  to  cats  include  daylilies 

mones.  There  are  both  veterinary-  and  human- 

( Hemerocallis spp.), Easter lilies ( Lilium longi-

approved products. 

 florum),  Rubrum  or  Japanese  showy  lilies 

i)  Cats  will  willingly  eat  chewable  veterinary 

( Lilium  speciosum  and   Lilium  lancifolium), 

products or natural forms of levothyroxine. 

Stargazer  lilies  ( Lilium  auratum),  and  tiger 

b)  Relevant kinetics

lilies  ( Lilium  tigrinum).  All   Lilium  or 

i)  Vomiting can occur almost immediately. 

 Hemerocallis  species  should  be  consid-

ii)  Thyrotoxicosis is fairly common after chronic 

ered toxic. 

overdose, but unusual after acute overdose. 

ii)  Lily toxicosis has only been reported in cats. 

c)  Toxicity

b)  Relevant kinetics

i)  Therapeutic dose for cats (10–20 mcg/kg/day) 

i)  Intoxication is via ingestion of any part of the 

is higher than what is commonly used in dogs. 

plant, including pollen. 

Cats metabolize thyroid hormones much more 

ii)  Signs  usually  develop  within  12 hours  post 

quickly and have less GI absorption than dogs. 

ingestion. 

ii)  While vomiting can be seen at any dose, signs 

c)  Toxicity

of  severe  toxicosis  can  develop  with  doses 

i)  Cats  treated  within  the  first  18 hours  have  a 

>1 mg/kg. 

good prognosis. 

iii)  60–65 mg (1 grain) of natural thyroid is equal 

ii)  One bite of plant material or grooming pollen 

to 100 mcg of levothyroxine. 

off  the  hair  coat  is  enough  to  cause  kidney 

d)  Mechanism of toxic action

failure. 

i)  Thyroid hormones affect the rate of fat, protein, 

iii)  Anuria is a poor prognostic indicator. 

and carbohydrate metabolism, increase protein 

d)  Mechanism of toxic action

synthesis,  increase  gluconeogenesis,  and  pro-

i)  Toxin is unknown, but is found in all parts of 

mote mobilization and utilization of glycogen. 

the plant. 

They also increase oxygen consumption, body 

ii)  Affected cats develop acute kidney injury due 

temperature, heart rate, and cardiac output. 

to degeneration and necrosis of the proximal 

e)  Clinical signs

renal  tubules.  Sloughing  of  necrotic  tubular 

i)  Gastrointestinal  signs  of  vomiting  and  ano-

epithelial  cells  causes  tubular  blockage 

rexia are most common. 

and anuria. 

ii)  Other  signs  include:  diarrhea,  hyperactivity, 

e)  Clinical signs

hypertension, and tachycardia. Some cats may 

i)  Vomiting (± plant material in vomitus), ano-

exhibit  signs  of  apathetic  hyperthyroidism 

rexic, and lethargic. 

(listlessness, lethargy, etc.). 

ii)  Polyuria, polydipsia, and acute kidney injury 

f)  Diagnosis

develop within 36–72 hours post ingestion. 

i)  History of ingestion and clinical signs is usu-

iii)  Oliguria and anuria can follow. 

ally all that is needed. 

f)  Diagnosis

ii)  A thyroid profile can confirm toxicosis. 

i)  There is no definitive confirmatory test for lily 

g)  Treatment

toxicosis.  Diagnosis  is  based  on  history  of 

i)  Most cases do not require emesis or activated 

exposure to lilies. 

charcoal. Consider emesis if dose is >1 mg/kg 

ii)  Histologically, the renal lesions include acute 

and cat is asymptomatic. 

necrosis  of  proximal  convoluted  tubules  and 

ii)  Maropitant (1 mg/kg PO, SQ) and fluids can be 

mineralization.  Pancreatic  acinar  cells  also 

given for vomiting. 

may show degeneration. 
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g)  Treatment

e)  Clinical signs

i)  Decontamination  consisting  of  emesis  and 

i)  Ataxia,  emesis,  depression,  mydriasis,  and 

activated  charcoal  can  be  instituted  within  2 

disorientation. Cats may be hyperesthetic. 

hours if the cat is asymptomatic. 

ii)  Bradycardia  or  tachycardia  can  occur  along 

ii)  Intravenous fluids are the most important part 

with hypotension and hypothermia. 

of therapy. They should be continued at a diu-

iii)  Depression  may  be  prolonged,  coma  is  rare 

retic rate for 48 hours. If renal values are nor-

in cats. 

mal at 48 hours, the fluids can be discontinued, 

f)  Diagnosis

otherwise continue until normal. 

i)  History of exposure. 

iii)  Monitor  urine  output.  If  oliguria  is  present 

ii)  Using OTC urine tests for THC usually give a 

(urine  production  <0.25 ml/kg/h),  furosem-

false  negative.  Confirmatory  testing  can  be 

ide  (2.2–4.4 mg/kg  IV  q8–12h)  may  increase 

done at a diagnostic laboratory. 

urine output (caution: only in normovolemic 

g)  Treatment

or  hypervolemic  patients).  Peritoneal  or 

i)  Decontamination  protocol  should  be  fol-

hemodialysis  can  be  used  if  oliguria/anuria 

lowed  where  appropriate.  Emesis  induction 

develops. 

must be attempted early, as marijuana is an 

C)  Marijuana ( Cannabis sativa)

antiemetic. 

a)  All parts of the plant are considered to be toxic. 

ii)  Monitoring HR, body temperature, and blood 

i)  The  main  toxic  principle  is  a  psychoactive 

pressure. 

resin,  tetrahydrocannabinol  (THC),  but  the 

iii)  If the cat is comatose or hypotensive, intrave-

plant contains over 60 cannabinoids. 

nous  lipid  emulsion  (20%)  can  be  given 

ii)  Marijuana is used recreationally and medici-

(1.5 ml/kg IV bolus, then 0.25 ml/kg/min for 

nally  (antiemetic,  analgesic,  anticonvulsant, 

30–60 minutes IV CRI; repeat in 4 hours if not 

muscle  relaxant,  appetite  stimulant,  and  to 

lipemic) and/or therapeutic plasma exchange 

decrease intraocular pressure in glaucoma). 

may be recommended. 

iii)  Plant  material  can  be  smoked  or  ingested. 

iv)  Prognosis  in  most  cases  is  good,  fatalities 

Other  forms  and  concentrates  are  usually 

are rare. 

ingested. 

D) Melaleuca (tea tree oil)

b)  Relevant kinetics

a)  Essentia  oil  derived  from  the  Australian  tea  tree 

i)  With  inhalation  (smoke  blown  into  cat’s 

( Melaleuca alternifolia). The oil contains terpenes, 

face),  clinical  signs  can  appear  within 

sesquiterpenes, and hydrocarbons. 

6–12 minutes. 

i)  A variety of commercial products contain vari-

ii)  With ingestion, signs can be delayed 30 min-

ous concentrations of oil. 

utes to several hours, and can last for 2–3 days. 

b)  Relevant kinetics

iii)  THC is highly lipid- soluble. 

i)  Well  absorbed  following  dermal  application, 

c)  Toxicity

especially through broken or abraded skin. 

i)  Cats are more likely to eat plant material, but 

ii)  Metabolized  in  the  liver  by  glucuronide  and 

occasionally ingest edibles. 

glycine conjugation. 

ii)  Plant material is 1–8% THC, extracts 28%, and 

c)  Toxicity

hash oil up to 50% THC. 

i)  Products labeled for use on animals have low 

d)  Mechanism of toxic action

concentrations  of  melaleuca  oil.  Problems 

i)  THC  stimulates  cannabinoid  receptors 

arise with dermal, oral, wound, or aural appli-

throughout the body. Within the brain, THC 

cation of 100% tea tree oil. 

accumulates  in  the  neocortical,  limbic,  sen-

d)  Mechanism of toxic action

sory, and motor areas. Cannabinoids enhance 

i)  Unknown. 

CNS  formation  of  norephinephrine,  dopa-

e)  Clinical signs

mine, and serotonin, stimulate the release of 

i)  Lethargy, hind- limb weakness, anorexia, vomit-

dopamine, and enhance gamma- aminobutyric 

ing, hypothermia, ataxia, and trembling. 

acid (GABA) turnover. 

ii)  Liver enzyme elevation. 

1)  Marijuana is primarily a CNS depressant. 

f)  Diagnosis

ii)  THC can cause hypotension and bradycardia 

i)  Diagnosis is based on history and smell of prod-

in cats. 

uct on the animal if applied dermally. 

502  Toxicological Emergencies

g)  Treatment

Table 38.2  Amounts of caffeine and theobromine in various 

i)  Dermal decontamination using mild dishwash-

sources. 

ing detergent. 

ii)  Treatment  is  symptomatic  and  supportive, 

Source

Amount

maropitant (1 mg/kg SQ, PO) to control vomit-

ing, intravenous fluids, thermoregulation, and 

Caffeine sources:

liver protectants. 

OTC stimulants (vivarin)

200 mg/tablet

E)  Methylxanthines (Box 38.13)

Dexatrim diet pill

200 mg/tablet

a)  Methylxanthines  are  alkaloids  and  include  caf-

Excedrin

65 mg/tablet

feine, theobromine, theophylline, and aminophyl-

Coffee beans

1–2%

line. Caffeine is found in many drinks (soda, tea, 

Tea

20–90 mg/5 oz cup

coffee, etc.), as an OTC stimulant, in dietary sup-

Chocolate products

2–40 mg/oz

plements,  and  in  chocolate.  Theobromine  is  also 

Guarana seeds

3–5%

found  in  chocolate  and  cocoa  bean  mulch. 

Theophylline  and  aminophylline  are  respiratory 

Theobromine sources:

smooth muscle relaxants. 

Cocoa beans

300–1500 mg/oz

b)  Relevant kinetics

Unsweetened baking chocolate

390–450 mg/oz

i)  Methylxanthines  are  readily  absorbed  after 

Cocoa powder

400–737 mg/oz

oral, rectal, or parenteral administration

Dark semi- sweet chocolate

135 mg/oz

1)  Peak  plasma  concentration  reached  at 

Milk chocolate

44–60 mg/oz

1.5 hours after ingestion of regular release for-

White chocolate

0.25 mg/oz

mulations of theophylline; T1/2 of 7.8 hours. 

Cocoa bean mulch

56–900 mg/oz

–  Delay  of  absorption  with  sustained- 

Cocoa bean hulls

150–255 mg/oz

release formulations. 

2)  Undergo rapid liver metabolism. 

3)  Evidence for enterohepatic recirculation. 

c)  Toxicity

e)  Clinical signs

i)  Cats more sensitive than dogs, but intoxication 

i)  Somewhat  dependent  on  methylxanthine 

of cats is much less frequent than dogs. 

ingested

1)  Oral lethal doses of caffeine range from 80 to 

1)  Emesis,  diarrhea,  restlessness,  hyperactiv-

150 mg/kg. 

ity, tachycardia, tachypnea, muscle tremors, 

2)  An oral LD50 for theobromine is 200 mg/kg. 

muscle  weakness,  seizures,  cyanosis, 

3)  An oral LD50 for theophylline is 800 mg/kg. 

cardiac arrhythmias (premature ventricular 

ii)  Concentrations  of  theobromine  and  caffeine 

contractions), hyperthermia, and polyuria. 

vary  depending  on  the  type  of  product 

f)  Treatment

(Table 38.2). 

i)  Decontamination  protocols  when  deemed 

d)  Mechanism of toxic action

appropriate. 

i)  Adenosine receptor antagonism. 

1)  Urinary catheterization may prevent reab-

ii)  Inhibit  cyclic  nucleotide  phosphodiesterases 

sorption via the bladder. 

causing an increase in cAMP. 

ii)  General principles of support for a critically ill 

iii)  Increase intracellular calcium concentrations. 

patient. 

iv)  Stimulate catecholamine synthesis and release. 

iii)  Monitor ECG and blood pressure. 

1)  Treat ventricular tachycardia with lidocaine 

boluses (0.25-0.5 mg/kg IV, over 1 minute); 

Box 38.13  Methylxanthines

CRI at 10–20 μg/kg/min. 

2)  Supraventricular arrhythmias may be treated 



● Cats rarely eat enough chocolate to cause more than 

with propranolol (0.01–0.06 mg/kg IV). 

mild GI signs

iv)  Treat 

tremors 

with 

methocarbamol 



● Caffeine and herbal caffeine- containing products can 

(100–150 mg/kg IV, titrate up as needed) and 

cause stimulatory signs in cats

seizures with diazepam (0.5–1 mg/kg IV). 



● Overdoses of theophylline and aminophylline can be 

v)  For severe life- threatening overdoses, hemodi-

life- threatening. 

alysis could be considered. 

 Feline Emergency and Critical Care Medicine 503

F)  Permethrin (Box  38.14)

ii)  Methocarbamol (100–150 mg/kg IV, titrate up 

a)  Permethin is a type I pyrethroid insecticide. 

as needed) for tremor control. 

i)  It is found in flea and tick products generally 

iii)  Diazepam  (0.5–1.0 mg/kg  IV)  for  seizures; 

for  dogs  and  in  a  few  formulations  in  low 

inadequate for tremor control. 

concentrations  for  cats.  Permethrin  is  also 

iv)  Intravenous fluids are important to protect the 

used for topical fly control on large animals, 

kidneys from myoglobinuria. 

crops, ornamental plants, humans, and house-

v)  Intravenous lipid emulsion (20%) can be given 

hold use. 

(1.5 ml/kg  IV  bolus,  then  0.25 ml/kg/min  for 

b)  Relevant kinetics

30–60 minutes IV CRI; repeat in 4 hours if not 

i)  Signs occur up to 24 hours after dermal appli-

lipemic) in severe cases. 

cation and can last up to 72 hours. 

G) Pyrethrins/pyrethroids

c)  Toxicity

a)  Pyrethrins are naturally occurring chemicals; pyre-

i)  Products  approved  for  use  on  cats  contain 

throids  are  synthetic  derivatives  of  pyrethrins. 

<0.1% permethrin. 

They  are  further  divided  into  type  I  (no  cyano 

ii)  Severe  problems  arise  when  concentrated 

group) and type II (alpha- cyano group). 

products are used directly on cats. 

i)  Type  I  pyrethroids  include:  allethrin,  bifen-

d)  Mechanism of toxic action

thrin, etofenprox, permethrin, phenothrin, res-

i)  Type I pyrethroids alter the voltage- dependent 

methrin, and tetramethrin. Type II pyrethroids 

gating  kinetics  of  the  sodium  channels  of 

include: cyfluthrin, cyhalothrin, cypermethrin, 

nervous  tissue,  causing  prolongation  of 

cyphenothrin, deltamethrin, esfenvalerate, fen-

sodium  conductance  in  nerve  axons.  This 

valerate,  flumethrin,  lambda- cyhalothrin,  and 

leads to repetitive nerve discharges. This effect 

tralomethrin. 

is enhanced in hypothermic mammals. 

ii)  Pyrethrins/pyrthroids  are  found  in  products 

e)  Clinical signs

for household, agricultural, environment, and 

i)  Muscle tremors, depression, ataxia, vomiting, 

on pet use. 

seizures, anorexia, and  death  with  high  con-

b)  Relevant kinetics

centration products. 

i)  Although most exposures are dermal, groom-

ii)  Hypersalivation,  ear  and  paw  flicking,  and 

ing behavior of cats results in significant oral 

hyperesthesia are seen with low- concentration 

exposures. 

products. 

c)  Toxicity

f)  Diagnosis

i)  Cats appear to be more sensitive than dogs. 

i)  Permethrin can be detected on liver or skin, on 

d)  Mechanism of toxic action

hair, or as metabolites in urine, but only con-

i)  Pyrethrins/pyrethroids  bind  to  membrane 

firms exposure. 

lipids of nerve cells near the sodium channels. 

ii)  Permethrin  can  be  detected  on  hair  samples 

This slows the opening and closing of neural 

even after one month has passed and after the 

sodium channels. 

animal has been bathed. 

ii)  Pyrethrins  and  type  I  pyrethroids  cause 

g)  Treatment

repetitive discharges leading to tremors and 

i)  Decontamination consists of bathing entire cat 

seizures. Type  II  pyrethroids  casue  conduc-

with liquid hand dishwashing detergent. Make 

tion  blockade  and  lead  to  weakness  and 

sure the cat maintains normal body temperature. 

paralysis. 

Emetics and activated charcoal are not needed. 

iii)  Paresthesia may be related to direct action of 

pyrethroids on sensory nerve endings, causing 

repetitive firing. 

Box 38.14  Permethrin

e)  Clinical signs

i)  Signs can be limited to mild hypersalivation 



● Application of concentrated dog products on cats 

and  paresthesia.  Other  signs  include  more 

causes severe tremors and potentially seizures

severe  and  prolonged  salivation,  retching, 



● High- 

dose methocarbamol works the best for 

paw  shaking,  ear  twitching,  flicking  of  the 

tremor control

tail,  twitching  of  the  skin  of  the  back, 



● Make sure body temperature remains normal 

abnormal  locomotion,  hiding,  and  reluc-

after bathing

tance to move. 
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f)  Diagnosis

2)  Metabolic acidosis

i)  History of exposure to a pyrethrin/pyrethroid- 

–  Renal excretion of bicarbonate, sodium, 

containing product. 

and potassium. 

ii)  Detection  of  specific  compounds  is  possible, 

–  Uncoupling  of  oxidative  phosphoryla-

although testing is not frequently productive. 

tion resulting in ↑ pyruvic and lactic acid 

g)  Treatment

production. 

i)  Decontamination should be considered. 

–  Increased ketone formation. 

1)  Bathing with mild hand dishwashing deter-

e)  Clinical signs

gent is warranted following dermal exposure. 

i)  Nausea, vomiting, hyperpnea (early), depressed 

2)  Dilute  with  milk  or  water  (15–30 ml)  if 

respiration (later), metabolic acidosis, pyrexia, 

retching or drooling. 

seizures, coma, and toxic hepatitis. 

ii)  Control muscle tremors with methocarbamol 

f)  Diagnosis

(100–150 mg/kg IV). 

i)  History  of  ingestion  along  with  compatible 

H) Salicylates (Box 38.15)

clinical signs. 

a)  Aspirin  (acetylsalicylic  acid),  oil  of  wintergreen 

ii)  Analysis of plasma/serum or urine

(methylsalicylate), trolamine salicylate, keratolytics 

1)  Test  results  are  unlikely  to  be  available 

containing salicylic acid, sunscreens with homome-

quickly. 

thyl  salicylate,  and  antidiarrheals  containing  bis-

g)  Treatment

muth subsalicylate are all sources of salicylates. 

i)  Decontamination should be considered. There 

i)  Two types of intoxication can occur

is  no  specific  treatment  for  salicylate 

1)  Similar  to  that  caused  by  other  NSAIDs: 

intoxication. 

renal disease, gastric ulceration, hepatotox-

ii)  Maropitant  (1 mg/kg  PO,  SQ)  for  vomiting, 

icity, and inhibited platelet aggregation. 

and  omeprazole  (1 mg/kg  PO  q  12  h)  for 

2)  Acute metabolic abnormalities. 

gastroprotection. 

b)  Toxicity

iii)  Monitor  glucose,  acid–base,  and  electrolyte 

i)  Cats: 25 mg/kg or greater. 

status and correct as needed. 

c)  Relevant kinetics

I)  Selective serotonin reuptake inhibitors

i)  Rapid absorption from the stomach and proxi-

a)  Examples  include:  citalopram,  escitalopram,  ser-

mal intestine. 

traline, fluoxetine, paroxetine, fluvoxamine, vilazo-

ii)  Prolonged  half- life  in  cats  (38 hours  versus 

done, and vortioxetine. 

8 hours in dogs)

i)  Used to treat depression, obsessive- compulsive 

1)  Due to lack of glucuronidation. 

disorders, bulimia, panic, and other behavioral 

iii)  Salicylic acid is the active form

problems in people; used off label in pets for 

1)  70–90% protein- bound. 

behavior modification. 

d)  Mechanism of toxic action

b)  Relevant kinetics

i)  Acute metabolic abnormalities

i)  Well  absorbed  orally  with  peak  plasma  con-

1)  Respiratory alkalosis

centrations within 2–8 hours. 

–  Direct stimulation of respiratory center. 

ii)  Cats can be symptomatic for 24–48 hours. 

–  Uncoupling  of  mitochondrial  oxidative 

c)  Toxicity

phosphorylation  resulting  in  ↑  O2  con-

i)  Can see signs at low doses (2–3 mg/kg), but the 

sumption and CO2 production. 

minimum lethal dose of fluoxetine in cats is 

reported to be >50 mg/kg. 

d)  Mechanism of toxic action

i)  Inhibit  serotonin  reuptake  at  presynaptic 

Box 38.15  Salicylates

membranes; this results in an increase of sero-

tonin causing sedation at low doses and sero-



● Salicylates have a long half- life in cats compared to 

tonin syndrome at high doses. 

other species, as their metabolic enzymes are easily 

e)  Clinical signs

saturated

i)  Sedation and ataxia at low doses. 



● Vomiting is the most common clinical sign

ii)  Agitation,  vocalization,  and  tremors  at  high 



● Two tablespoons of bismuth subsalicylate is equiva-

doses (serotonin syndrome). 

lent to 325 mg of aspirin. 

iii)  Vomiting, hypersalivation, and diarrhea. 
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f)  Diagnosis

ii)  Recluse 

venom— consists 

of 

several 

i)  History of ingestion and clinical signs. Serum 

constituents; primary function is to digest prey. 

levels  are  not  clinically  relevant  and  are 

1)  Sphingomyelinase D is a dermonecrotic fac-

not timely. 

tor; venom also induces rapid coagulation 

g)  Treatment

and occlusion of small capillaries, resulting 

i)  Decontamination  of  emesis  and/or  activated 

in tissue necrosis. 

charcoal  can  be  performed  if  the  cat  is 

2)  Immune  response  to  venom  appears  to 

asymptomatic. 

mediate the severity of the local reaction. 

ii)  Acepromazine  (0.025–0.05 mg/kg  IV)  can  be 

d)  Clinical signs

used for agitation and serotonergic signs (diso-

i)  Widow— local tissue reaction at the bite site is 

rientation, vocalization, etc.). Cyproheptadine 

uncommon. 

(2–4 mg PO) can be used as a nonselective ser-

1)  Signs  dependent  on  a  number  of  factors, 

otonin antagonist. 

including spider and victim variables. 

iii)  Methocarbamol  (100–150 mg/kg  IV)  can  be 

2)  Apparent pain manifested as howling and 

used for tremors. 

loud  vocalizations,  hypersalivation,  rest-

iv)  Maropitant (1 mg/kg PO, SQ) can be used for 

lessness,  hypertension,  emesis,  diarrhea, 

vomiting and drooling. 

muscle tremors, cramping, ataxia, inability 

v)  Intravenous  lipid  emulsion  (20%)  may  be 

to stand and paralysis, Cheyne–Stokes res-

considered  for  cats  with  severe  life- 

piration pattern, and death. 

threatening signs

ii)  Recluse

J)  Spider bites (Box 38.16; see Chapter 39— Environmental 

1)  Mild stinging sensation at bite site, pruritis, 

Emergencies)

and edema (characteristic bull’s- eye appear-

a)  The two primary toxic types of spiders in the USA 

ance has been described, which consists of 

are  the  widow  spiders  ( Latrodectus  spp.)  and  the 

an area of erythema within which is a dark 

recluse spiders ( Loxosceles spp.)

necrotic center). 

i)  Widow  spiders  (five  species)  are  found 

–  Bite sites can become ulcerated and be 

throughout the USA. 

slow to heal. 

ii)  Recluse spiders (13 species) are found in the 

2)  Systemic signs are uncommon. 

South, South Central, and Western USA. 

–  Hemolytic  anemia,  hemoglobinuria, 

b)  Relevant kinetics

fever, arthralgia, emesis, weakness, mac-

i)  Widow bites are immediately painful. 

ulopapular  rash,  DIC  (disseminated 

ii)  Recluse bites may not show signs for 24–72 hours. 

intravascular 

coagulation), 

and 

iii)  Widow  venom:  not  determined  for  cats,  but 

thrombocytopenia. 

LD50 likely <1 mg/kg. 

e)  Diagnosis

iv)  Recluse: not known. 

i)  Difficult, since bites are rarely witnessed; there 

c)  Mechanism of toxic action

are no diagnostic tests. 

i)  Widow venom— several toxic components, but 

f)  Treatment

α- latrotoxin is the most toxic constituent. 

i)  Widow— antivenin is rarely available (Lyovac 

1)  Neurotoxic— initial  stimulation  of  nerve 

antivenin)

impulses, but later there is a neuromuscu-

1)  Control pain with opioids (buprenorphine 

lar block as a result of depletion of synaptic 

0.005–0.04 mg/kg IM, IV, SQ q6–12h). 

vesicle contents. 

2)  Intravenous fluid therapy. 

3)  Methocarbamol  (100–150 mg/kg  IV)  if 

muscle cramping. 

Box 38.16  Spider Bites

ii)  Brown recluse— no antivenin available

1)  Wound  care  (wet- to- dry  or  honey  band-



● Widow venom is highly neurotoxic and causes pain 

ages) and antibiotics if needed. 

and hypertension

2)  Some  wound  debridment  may  be 



● Recluse spider venom causes severe local necrotic 

necessary. 

reactions

3)  Systemic signs can be serious if they occur. 



● Wound management is the most important compo-

–  Fluids,  analgesics,  anti- inflammatory, 

nent of treating recluse spider bites

and antipyretics may be useful. 
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K)  Strychnine (Box 38.17)

2)  Maintain  urine  flow  to  prevent 

a)  Primarily  used  to  control  small  mammal  pests; 

myoglobinuria and renal damage secondary 

commonly used as a malicious poison

to rhabdomyolysis. 

i)  Baits generally 0.5–1% strychnine sulfate. 

v)  Minimize sensory stimulation. 

ii)  OTC  or  restricted  use  depending  on  individ-

L)  Tricyclic antidepressants (TCAs)

ual states. 

a)  Examples  include  amitriptyline,  amoxapine,  clo-

b)  Relevant kinetics

mipramine,  desipramine,  doxepin,  imipramine, 

i)  Rapidly absorbed and metabolized. 

maprotiline, nortriptyline, protriptyline, and trimi-

c)  Toxicity

pramine; used to treat depression in people; used 

i)  Oral LD50 in cats of 2.0 mg/kg. 

for behavior modification in pets. 

d)  Mechanism of toxic action

i)  TCAs vary in their ability to block neurotrans-

i)  Reversible, competitive inhibition of glycine at 

mitter  reuptake  and  in  their  anticholinergic, 

the  postsynaptic  receptor  sites  in  the  spinal 

antihistaminic, and sedative properties. 

cord  and  medulla.  Glycine  is  an  inhibitory 

b)  Relevant kinetics

neurotransmitter that opens chloride channels 

i)  Good bioavailability and rapidly absorbed. 

in postsynaptic neurons, causing hyperpolari-

ii)  Liver  metabolism  is  the  primary  mechanism 

zation.  Loss  of  glycine  inhibition  results  in 

for  elimination;  some  metabolites  contribute 

continuous muscular stimulation. 

to toxicity. 

ii)  Death is due to hypoxia. 

c)  Toxicity

e)  Clinical signs

i)  Therapeutic index is low. 

i)  Apprehension,  anxiety,  salivation,  muscle 

d)  Mechanism of toxic action

spasms  and  stiffness  (often  beginning  with 

i)  Extension  of  pharmacologic  effects:  neuro-

face,  neck,  and  limb  muscles),  sawhorse 

transmitter  reuptake  inhibition  (dopamine, 

stance,  severe  extensor  rigidity,  tetanic  sei-

norepinephrine,  and  serotonin)  and  anticho-

zures (often induced or exacerbated by exter-

linergic effects. 

nal stimulation) apnea, and death. 

ii)  At high doses, TCAs block sodium channels in 

f)  Diagnosis. 

the heart. 

i)  Detection of strychnine in baits, stomach con-

e)  Clinical signs

tents, serum, or urine is widely available from 

i)  Ataxia,  lethargy,  hypotension,  disorientation, 

veterinary diagnostic laboratories. 

hyperactivity,  emesis,  tachycardia,  mydriasis, 

g)  Treatment

dyspnea,  urinary  retention,  ileus,  cardiac 

i)  Early decontamination. 

arrhythmias, acidosis, hyperthermia, coma, sei-

ii)  Control muscle spasms and seizures. 

zures, myoclonus, pulmonary edema, and death. 

1)  Methocarbamol  (50–220 mg/kg  slow  IV; 

f)  Diagnosis

total daily dose not to exceed 330 mg/kg). 

i)  History of ingestion and clinical signs. Serum 

2)  Inhalents (isoflurane or sevoflurane). 

levels  are  not  clinically  relevant  and  are 

iii)  Mechanical ventilation if needed. 

not timely. 

iv)  Fluid and electrolyte therapy as needed

g)  Treatment

1)  Correct metabolic acidosis. 

i)  Decontamination  of  emesis  and/or  activated 

charcoal  can  be  performed  if  the  cat  is 

asymptomatic. 

Box 38.17  Strychnine

ii)  Acepromazine  (0.025–0.05 mg/kg  IV)  can  be 

used for agitation and serotonergic signs (diso-



● Still used as a rodenticide and to maliciously poison 

rientation, vocalization, etc.). Cyproheptadine 

pets, although availability varies

(2–4 mg  PO)  can  be  used  as  a  non- selective 



● Rapid onset of clinical signs

serotonin antagonist. 



● Tonic–clonic seizures, often induced by loud noises, 

iii)  Methocarbamol  (100–150 mg/kg  IV)  can  be 

and lead to hypoxia, anoxia, and death

used for tremors. 



● Clinical signs can be treated with methocarbamol or 

iv)  Maropitant (1 mg/kg PO, SQ) can be used for 

inhalants

vomiting and drooling. 



● Relatively rapid metabolism and elimination of 

v)  Intravenous fluids to maintain hydration and 

strychnine result in rapid recovery

support cardiovascular system. 
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vi)  Monitor  blood  gases  and  maintaining  blood 

and  noradrenaline  reuptake  inhibitors  and 

pH between 7.5 and 7.55 to reduce cardiotoxic-

weak  dopamine  reuptake  inhibitors. 

ity.  Sodium  bicarbonate  administration  over-

It  increases  norepinephrine,  serotonin,  and 

comes the sodium channel blockade. 

dopamine levels in the CNS, leading to sero-

M) Venlafaxine

tonin syndrome. 

a)  Venlafaxine is a phenylethylamine- derivative bicy-

e)  Clinical signs

clic  antidepressant  that  is  a  SNRI.  It  is  used  in 

i)  Vomiting, lethargy, mydriasis, seizure, tachy-

humans to treat depression and anxiety and in dogs 

cardia,  hypotension,  and  tremors;  serotonin 

for obsessive compulsive disorder. 

syndrome (agitation, vocalization, ataxia, etc.). 

b)  Relevant kinetics

f)  Diagnosis

i)  Onset  and  duration  will  vary  depending  if 

i)  History of ingestion and clinical signs. Serum 

immediate release or extended release formu-

levels  are  not  clinically  relevant  and  are 

lation  is  ingested.  Immediate  release  will 

not timely. 

develop signs within a couple of hours and last 

g)  Treatment

for 24 hours, extended release may not develop 

i)  Decontamination  of  emesis  and/or  activated 

signs for up to 6–8 hours later and can last up 

charcoal  can  be  performed  if  the  cat  is 

to 48 hours. 

asymptomatic. 

c)  Toxicity

ii)  Acepromazine  (0.025–0.05 mg/kg  IV)  can  be 

i)  Bicyclics in general do not show the degree of 

used for agitation and serotonergic signs (diso-

anticholinergic,  sedative,  or  cardiovascular 

rientation, vocalization, etc.). Cyproheptadine 

effects  other  tricyclic  antidepressants  have 

(2–4 mg  PO)  can  be  used  as  a  non- selective 

been shown to exhibit. 

serotonin antagonist. 

ii)  Lethargy can start about 2 mg/kg and tremors 

iii)  Methocarbamol  (100–150 mg/kg  IV)  can  be 

around  16 mg/kg  with  the  extended- release 

used for tremors. 

product and 55 mg/kg for the prompt- release 

iv)  Maropitant (1 mg/kg PO, SQ) can be used for 

product. 

vomiting and drooling. 

iii)  Cats will willingly eat venlafaxine. 

v)  Lipid  emulsion  (20%)  may  be  considered  in 

d)  Mechanism of toxic action

cats with severe life- threatening signs. 

i)  Both  venlafaxine  and  its  active  metabolite, 

O- desmethylvenlafaxine, are potent serotonin 


509

39

Environmental Emergencies

 Lori S. Waddell and Elise M. Boller

UNIQUE FEATURES



● Heatstroke from exertion occurs infrequently in cats, and environmental causes are also rare with the exception of cats being trapped in a clothes dryer. 



● Although small sizes of cats can predispose them to more severe hypothermia and frostbite, they usually exhibit more successful behavioral responses to cold, which prevents prolonged exposure. 



● Because cats have a natural dislike of water, they rarely experience drowning or near- drowning; most drowning cases are due to intentional submersion. 



● Due to their smaller size, cats that are bitten by venomous snakes tend to get more venom per kilogram of body weight than dogs and may be more sensitive to it, which makes their prognosis more guarded. 



● Cats are much more sensitive to black widow spider venom than dogs. Signs are severe and often include muscle spasms, abdominal and hind limb rigidity, pain, and vomiting. The spider may be seen in the vomitus. 



● Electrical injury is not uncommon in cats who are playful and have an inherent curiosity about linear materials. 

A) Heatstroke— hyperthermia

likely to be passengers in cars and are more tol-

a)  Definition/general points

erant  of  heat.  Even  in  homes  or  apartments 

i)  Heat  cramps— characterized  by  dehydration, 

without air- conditioning, cats will usually find 

muscle cramps, and electrolyte depletion; not 

the coolest part of the house and remain inac-

recognized  in  cats  because  they  do  not  lose 

tive.  Cats  or  kittens  can  get  into  dryers  if  left 

excessive  salts  from  sweating;  most  common 

open.  If  they  get  closed  in  the  dryer  and  it  is 

heat illness in humans. 

turned  on,  they  may  present  with  heatstroke, 

ii)  Heat  exhaustion— inability  to  perform  work 

thermal  injuries,  and  blunt  trauma.  Dryer- 

due  to  heat- induced  illness,  including  head-

induced  hyperthermia  is  probably  the  most 

ache, nausea, vomiting, tachycardia, weakness, 

common cause of environmental hyperthermia 

excessive panting, etc. 

in cats. 

iii)  Heatstroke— includes the signs of heat exhaus-

ii)  Exertional— usually not a problem in cats, but 

tion  but  also  central  nervous  system  (CNS) 

there  are  anecdotal  reports  of  cats  chasing  a 

signs such as depression, blindness, ataxia, col-

bird  or  other  small  animal  in  a  closed,  hot 

lapse, stupor, coma, and seizures. 

apartment  or  home  becoming  hyperthermic 

b)  Pathophysiology— nonpyrogenic 

hyperthermia 

from the activity. Very rare. 

occurs when heat- dissipating mechanisms are over-

iii)  Predisposing causes can include lack of accli-

come by heat- producing mechanisms (environmen-

matization to increased temperature, confine-

tal or exercise- induced), leading to increased body 

ment,  poor  ventilation,  high  humidity,  water 

temperature. 

deprivation, restriction of airway (e.g., brachy-

i)  Environmental— confinement to an area that is 

cephalic breeds, obesity, or laryngeal dysfunc-

exceptionally hot, such as a car. This occurs less 

tion),  cardiac  disease,  pediatric  or  geriatric 

frequently in cats than in dogs, as cats are less 

status,  toxicities  such  as  amphetamines, 
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pyrethrin  toxicity,  hyperthyroidism,  seizures, 

v)  Gastrointestinal

eclampsia, and anesthesia with opioids. 

1)  Decreased  perfusion  to  GI  tract  causes 

c)  History/presenting complaint

ischemia, loss of GI wall integrity, and bacte-

i)  History  of  exposure  to  high  environmental 

rial translocation. 

temperature. 

2)  Leads  to  bacteremia,  endotoxemia,  and 

ii)  Cat  may  be  found  recumbent,  open- mouth 

sepsis— important  causes  of  death  in  heat-

breathing/panting,  tachypneic,  and/or  neuro-

stroke patients. 

logically inappropriate. 

3)  Vomiting  and  diarrhea  with  pieces  of 

d)  Clinical signs/physical exam (PE) findings

mucosa,  melena,  and  hematochezia  may 

i)  Cardiovascular

be seen. 

1)  Tachycardia, vasodilation, initially increased 

4)  Hepatic damage results from decreased per-

cardiac output, and decreased intravascular 

fusion and direct thermal injury. 

volume as fluid loss increases. 

5)  Increased  values  for  alanine  transaminase 

2)  Cardiac  dysfunction  secondary  to  hyper-

(ALT), alkaline phosphatase (ALP), and total 

thermia,  decreased  perfusion  of  myocytes, 

bilirubin are common. 

electrolyte and acid–base disturbances, and 

vi)  Renal

thromboembolism  leading  to  poor  perfu-

1)  Acute kidney injury (AKI) caused by tubular 

sion from hypotension and arrhythmias. 

necrosis from direct thermal injury, hypoxia, 

ii)  Respiratory

and decreased perfusion. 

1)  Direct  thermal  injury  to  pulmonary 

2)  Prerenal azotemia is common. 

endothelium. 

3)  Renal  azotemia  may  develop,  including 

2)  Noncardiogenic  pulmonary  edema  and/or 

oliguria. 

acute respiratory distress syndrome (ARDS). 

4)  Myoglobinuria may contribute to renal failure. 

3)  Leads  to  increased  respiratory  rate,  effort, 

e)  Diagnosis/laboratory testing

and respiratory distress. 

i)  History of heat exposure with/without exertion. 

4)  Auscultation— harsh  lung  sounds  to  crack-

ii)  PE findings

les  depending  on  severity.  May  develop 

1)  Hyperventilation/panting. 

serous to serosanguineous nasal discharge. 

2)  Tachycardia,  poor  pulse  quality,  tacky  dark 

iii)  Nervous system

red mucous membranes, rapid capillary refill 

1)  Cerebral  edema,  hemorrhage,  infarction, 

time (CRT), etc. 

and neuronal death may be seen. 

3)  Diarrhea— melena, mucosal sloughing, and 

2)  Disorientation, blindness, coma, and seizures. 

hematochezia. 

3)  Thermoregulatory center (in hypothalamus) 

4)  Petechia and ecchymosis. 

may  become  damaged  and  predispose  to 

5)  Neurologic  signs— ataxia,  disorientation, 

future episodes of heatstroke. 

cortical blindness, coma, and seizures. 

iv)  Hematologic

iii)  CBC/CS/UA

1)  Dehydration and hemoconcentration. 

1)  Complete 

blood 

count 

(CBC)— 

2)  Hemolysis of red blood cells and blood loss 

hemoconcentration  or  anemia,  leukopenia, 

into gastrointestinal (GI) tract can result in 

thrombocytopenia,  and  increased  numbers 

anemia in some patients. 

of nucleated red blood cells. 

3)  Disseminated  intravascular  coagulation 

2)  Chemistry screen— hypoglycemia, increased 

(DIC) secondary to stasis of blood in capillar-

ALT, aspartate aminotransferase (AST), ALP, 

ies, endothelial damage from direct thermal 

total  bilirubin,  blood  urea  nitrogen  and 

injury, hyperthermia- induced platelet activa-

creatinine,  and  decreased  albumin  and 

tion, and decreased synthesis of coagulation 

cholesterol. 

factors by the liver. 

3)  Urinalysis (UA)— hematuria, pigmenturia, 

4)  Megakaryocyte  damage  from  hyperthermia 

inappropriate  glucosuria,  and  granu-

and  consumption  of  platelets  can  cause 

lar casts. 

thrombocytopenia, which persists for several 

iv)  Acid–base— metabolic acidosis from lactate ± 

days after the hyperthermic event. 

azotemia,  and  respiratory  alkalosis  from 

5)  Clinical signs may include petechia, ecchy-

hyperventilation. 

moses,  excessive  bleeding  from  venipunc-

v)  Coagulation  screening— thrombocytopenia, 

ture sites, hemolyzed serum, and weakness. 

prolonged  prothrombin  time  (PT),  partial 
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thromboplastin time (PTT), and activated clot-

x)  Antibiotic therapy for translocation of bacteria 

ting time (ACT). 

across GI wall

f)  Treatment

1)  Not indicated in all patients. 

i)  Cooling— should be started by owners

2)  If severe GI signs are present, broad- spectrum 

1)  Move  to  a  cool  environment  (air- 

coverage  for  gram- negative,  gram- positive, 

conditioned). 

and  anaerobes  should  be  considered. 

2)  Wet down with water. 

Protocols that can be used include clindamy-

3)  Place fan blowing on cat to increase con-

cin 10 mg/kg IV q12h and cefoxitin 30 mg/kg 

vective heat loss. 

IV q6h, or ampicillin/sulbactam 22 mg/kg IV 

4)  Shave if cat has a heavy coat. 

q8h, or piperacillin/tazobactam 50 mg/kg IV 

5)  Do  not  place  ice  bags  on  patient— will 

q6h with metronidazole 10 mg/kg IV q12h. 

vasoconstrict  skin  vessels  and  decrease 

xi)  Corticosteroids  and  non- steroidal  anti- 

heat loss. 

inflammatory drugs (NSAIDs) are not indicated 

ii)  IV fluids

and may be contraindicated due to increased risk 

1)  Room- temperature fluids will aid in cooling. 

of sepsis from bacterial translocation, and risk of 

2)  Shock bolus of crystalloids (up to 45–60 ml/

hyperglycemia secondary to antagonism of insu-

kg,  usually  given  in  10–15 ml/kg  incre-

lin. Hyperglycemia may worsen neurologic injury. 

ments  followed  by  reassessment)  is  indi-

g)  Monitoring

cated  if  cardiovascular  compromise  is 

i)  Temperature— active  cooling  should  only  be 

present,  then  matching  ins  and  outs  (see 

performed 

until 

tempera-

Chapter 8— Fluid Therapy). 

ture < 103.5 °F.  Continued  cooling  will  occur, 

iii)  Oxygen (O2)— supplemental O2 if hypoxemic 

and prevention of hypothermia is indicated. 

based on pulse oximetry or arterial blood gas 

ii)  Packed cell volume (PCV) and total solids (TS), 

analysis: 

SPO2 < 93–94%, 

or 

glucose, and Azo strip (estimate of BUN)— can 

PaO2 < 80–90 mmHg. 

help assess hydration status and need for glu-

iv)  GI  protectants— H2  blocker  (famotidine 

cose  supplementation  and  blood  product 

0.5–1.0 mg/kg  IV  q12–24h),  proton- pump 

administration. 

inhibitor (omeprazole 0.5–1.0 mg/kg PO q24h, 

iii)  Venous  blood  gas/electrolytes— monitor  for 

pantoprazole 1 mg/kg IV q12–24h), or sucral-

metabolic  acidosis  (usually  secondary  to  lac-

fate (250 mg PO q8h if patient is able to swal-

tate),  hypernatremia,  hyperkalemia  or 

low oral medications). 

hypokalemia. 

v)  Correction  of  hypoglycemia  (0.5 g/kg  of  25% 

iv)  Blood pressure. 

dextrose  IV),  then  monitor  blood  glucose 

v)  Electrocardiogram (ECG) for arrhythmias. 

concentrations closely and supplement 2.5–5% 

vi)  Urine output— monitor for oliguria or anuria. 

dextrose  in  fluids  depending  on  patient’s 

If oliguria (UOP<1–2 ml/kg/h) occurs after the 

needs. Avoid hyperglycemia if possible. 

cat’s  hydration  status,  intravascular  volume, 

vi)  Address  acid–base  and  electrolyte  abnor- 

and  blood  pressure  are  normalized,  treat  for 

malities. 

acute  kidney  injury  (AKI)  and  consider  furo-

vii)  Mannitol to reduce cerebral edema if patient 

semide and mannitol. 

is showing significant neurologic impairment 

vii)  Neurologic function, especially mentation and 

(blindness, disorientation, seizures, or coma) 

cranial nerve function. 

and to increase urine output (UOP) if oliguric 

h)  Prognosis— associated with the severity and dura-

(UOP < 1.0 ml/kg/h)  after  reestablishing  euv-

tion of hyperthermia, at least in other species. No 

olemia— 0.5 g/kg 

over 

20–30 minutes. 

information available specifically on cats. Potential 

Crystalloid fluid therapy should be increased 

for  life- threatening  complications  including  renal 

if a diuresis occurs to prevent dehydrating the 

failure, liver failure, and DIC. 

patient. 

B)  Frostbite— hypothermia

viii)  Fresh frozen plasma (FFP) if coagulopathy is 

a)  Definitions and general points

present, starting dose of 10 ml/kg. 

i)  Hypothermia is defined as a condition in which 

ix)  Pressors  if  refractory  hypotension  (systolic 

core  body  temperature  is  less  than  37 °C  and 

<90 mmHg)

can be due to exposure to cold/excessive heat 

1)  Norepinephrine 0.05–0.3 μg/kg/min. 

loss, decreased heat production, or the inability 

2)  Dopamine 5–15 μg/kg/min. 

to regulate core body temperature. 

[image: Image 149]
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ii)  Primary (“accidental”) hypothermia— the body 

vii)  The  severity  of  hypothermia  may  be  better 

possesses  normal  compensatory  responses 

classified  functionally,  for  example,  aligned 

(thermoregulation)  to  decreased  environmen-

with clinical signs such as shivering and pilo-

tal  temperatures,  but  the  exposure  to  cold  is 

erection  (mild),  mentation  changes  (moder-

overwhelming. 

ate), and loss of shivering and profound CNS 

iii)  Secondary  hypothermia— mild  to  moderate 

changes (severe). 

exposure to cold results in hypothermia because 

viii)  Frostbite injury is due to prolonged exposure 

of  an  alteration  in  the  body’s  normal  ther-

to  low  environmental  temperatures  or  pro-

moregulatory responses. 

longed  contact  with  frozen  metal  objects.  It 

iv)  Frostbite  results  in  tissue  necrosis  and gener-

starts  as  an  initial  freeze  injury  followed  by 

ally  occurs  in  the  distal  extremities  and  ears; 

vascular  impairment  due  to  inflammatory 

the final area and volume of tissue necrosis can 

mediators and thrombosis. 

take weeks to become apparent. 

c)  History,  presenting  complaint,  and  predispos-

b)  Pathophysiology

ing factors

i)  Thermoregulation involves a dynamic balance 

i)  The  patient  may  present  with  a  history  of 

between  heat  production  and  heat  loss,  the 

exposure  to  cold  temperatures  (in  primary 

overall  goal  of  which  is  to  maintain  the  core 

hypothermia) or with signs attributable to, or 

temperature within a narrow range called the 

a  history  of,  the  underlying  disease  process 

“set point.” The central control of thermoregu-

that  led  to  the  hypothermia  (in  secondary 

lation is in the preoptic region of the anterior 

hypothermia). 

hypothalamus. 

ii)  Presenting complaint can be nonspecific, for 

ii)  Mechanisms of heat loss from the body include 

example,  lethargy,  mentation  changes,  and 

convection, conduction, radiation, and evapo-

collapse or known accident or event, for exam-

ration.  Mechanisms  of  heat  conservation 

ple, trauma or disappearance from home. 

include  vasoconstriction,  shivering,  piloerec-

iii)  Predisposing factors include small size, immo-

tion,  chemical  thermogenesis,  and  behavioral 

bility, very young and very old age, anesthesia, 

responses. 

surgery, hypothyroidism, uremia, hypoadren-

iii)  Primary hypothermia occurs when a conscious 

ocorticism, shock, hypopituitarism, cachexia, 

animal  with  normal  thermoregulation  is 

malnutrition,  hypoglycemia,  burns,  trauma, 

exposed  to  extreme  low  environmental 

and central nervous system disorders. 

temperatures. 

d)  Clinical signs, PE findings, and physiologic effects 

iv)  Secondary hypothermia occurs with alterations 

of hypothermia

in the body’s normal thermoregulatory mecha-

i)  Low measured temperature— Note that some 

nisms  causing  an  inability  to  properly  ther-

thermometers  have  a  temperature  below 

moregulate (e.g., certain disease processes, as a 

which  they  will  not  measure,  and  other 

consequence  of  drug  therapy,  anesthesia,  or 

surgery). 

v)  There are a limited number of clinical condi-

tions  in  which  therapeutic  hypothermia  (i.e., 

intentionally induced) is beneficial, for exam-

ple, postcardiac arrest. 

vi)  Physiologic consequences and severity of hypo-

thermia  have  been  better  described  in  the 

human literature and seem based on severity of 

cardiovascular  compromise.  There  is  less 

known  about  the  physiologic  significance  of 

varying  degrees  of  hypothermia  in  veterinary 

patients, especially in cats. The following pro-

posals have been made:

1)  Mild: 32–37 °C (90–99 °F). 

2)  Moderate: 28–32 °C (82–90 °F). 

3)  Severe: <28 °C (<82 °F). 

Figure 39.1  Esophageal (or rectal) temperature probe. 
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methods such as esophageal or rectal probes 

tubular  concentrating  segments)  and  acute 

should be employed (Figure 39.1). 

tubular necrosis. 

ii)  Cardiovascular— vasoconstriction (early), vas-

viii)  Metabolic— mixed  respiratory  and  metabolic 

odilation  (late),  decreased  cardiac  output, 

acidosis,  hyperglycemia  or  hypoglycemia, 

hypotension,  arrhythmias  (see  in  the  follow-

hyperkalemia or hypokalemia, hyponatremia, 

ing text), tachycardia (early), and bradycardia 

organ injury (e.g., azotemia, increased hepatic 

and  asystole  (late).  Other  ECG  findings  can 

transaminases,  etc.),  catecholamine  release, 

include:  T- wave  inversion,  prolonged  PR, 

insulin  resistance,  and  suppression  of  ADH 

QRS, and QT intervals, Osborn (J) waves (pos-

release. 

itive  deflection  following  the  S  wave  in  the 

ix)  Integument— distal  extremities  may  be  pale 

early  part  of  the  ST  segment)  (Figure  39.2), 

and  cool  to  the  touch  (tail  tip,  scrotum,  and 

ventricular fibrillation, and asystole. 

ear tips). 

iii)  Respiratory— tachypnea  and  bronchospasm, 

x)  Profoundly  hypothermic  animals  may  appear 

bronchorrhea (early), and hypocapnia (due to 

dead, as respiratory efforts and heart sounds are 

decreased  tissue  metabolism)  leading  to 

difficult  to  detect.  An  adage  that  seems  to 

decreased respiratory rate, tidal volume, and 

describe a shared experience in emergency med-

pulmonary edema and respiratory arrest (late). 

icine says, “A hypothermic animal should not be 

iv)  Neuromuscular— ataxia,  shivering,  and 

considered dead until it is warm and dead.” This 

decreased cerebral blood flow causing menta-

simply states that detection of vital signs should 

tion changes, hyporeflexia, pupillary dilation, 

be attempted after a patient is warmed prior to 

and coma. 

pronouncing  a  severely  hypothermic  animal 

v)  Hematologic— hemoconcentration, coagulop-

dead (e.g., ECG and end- tidal CO2). 

athy  (impairment  of  primary  and  secondary 

e)  Laboratory testing

hemostasis), decreased inhibition of fibrinoly-

f)  Treatment

sis,  and  increased  blood  viscosity.  Note  that 

i)  For  the  previously  healthy  patient  with  mild 

the  enzymes  of  the  coagulation  cascade  are 

hypothermia  (32–37 °C  [90–99 °F]),  institute 

temperature- dependent  and  hypothermia  is 

passive  rewarming  by  heating  the  patient’s 

associated  with  prolongation  of  coagulation 

environment and wrapping the patient in dry 

times. Note that coagulation tests are routinely 

blankets. The point with passive rewarming is 

performed  at  37 °C  and  therefore  will  not 

that the patient will be able to generate its own 

reflect  activity  of  the  coagulation  cascade  at 

heat  by  shivering  and  the  passive  rewarming 

the  hypothermic  patient’s  temperature  (i.e., 

ensures that this heat is not lost. 

coagulation  in  vivo  may  be  more  abnormal 

ii)  Active rewarming (external or core) should be 

than in vitro). 

instituted  for  severely  hypothermic  patients 

vi)  GI— decreased  motility,  mucosal  ulceration, 

(less  than  32 °C  [90 °F])  with  cardiovascular 

and hemorrhagic pancreatitis. 

instability,  loss  of  thermoregulation,  risk  fac-

vii)  Renal— “cold diuresis” (due to increased cen-

tors  predisposing  the  patient  to  hypothermia, 

tral  blood  volume  and  glomerular  filtration 

or  when  previous  attempts  with  passive 

rate  (GFR),  suppression  of  anti- diuretic  hor-

rewarming have failed. 

mone (ADH), and decreased activity in renal 

iii)  Rewarming  should  be  carried  out  slowly  but 

steadily at a rate of 0.5–2.0 °C/h. Primary goals of 

therapy include preventing further loss of body 

heat and detecting and avoiding complications. 

1)  Active external rewarming

–  Active external rewarming can be achieved 

using  forced  warm  air  blankets 

(Figure 39.3), recirculating water blankets, 

heat lamps, or hot- water bottles. The heat 

source should be focused on the thorax to 

avoid rewarming shock (see in the follow-

Figure 39.2  J wave, also called Osborn deflection, as seen in ing text), and should not be directly applied 

hypothermia. 

to the patient’s skin, but rather on top of a 

[image: Image 150]
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should be noted that active rewarm-

ing should be discontinued at around 

37 °C [98.5 °F], i.e. prior to reaching 

normal  body  temperature,  in  order 

to avoid rebound hyperthermia. 



■

Pleural lavage with warmed isotonic 

crystalloid fluids with active suction 

via a second cathether may also be 

employed. No more than 10–20 ml/

kg  should  be  in  the  chest  at  any 

given time. 



■

Bladder,  colonic  and  gastric  lavage 

have been reported but may not be 

practical  and  may  be  assoicated 

with  disturbances.  Colonic  lavage 

will interfere with monitoring rectal 

temperature;  therefore,  tempera-

ture should be monitored by other 

methods when using colonic lavage 

for rewarming. 



●

Airway rewarming achieves a 1–2 °C/h 

Figure 39.3  Forced- air warming blanket. 

increase  in  temperature.  Critical  care 

ventilators  have  the  capacity  to  heat 

layer of dry may be predisposed to burns 

and humidify inhaled air. 

because of the inability to vasodilate and 

g)  Complications of rewarming

conduct heat away from the heat source. 

i)  Rewarming  shock— with  active  external 

–  Active  core  rewarming  can  be  achieved 

rewarming, there are increased peripheral meta-

by administering warm IV fluids, perito-

bolic demands that may exceed the ability of the 

neal  or  thoracic  lavage  with  warmed, 

cardiovascular system to meet them. Peripheral 

sterile isotonic fluids, or by using a mask 

vasodilation  due  to  external  rewarming  may 

or intubation to administer warmed (and 

lead to a relative hypovolemia and hypotension. 

humidified) air. 

The term rewarming shock describes the over-



●

IV  fluids  can  be  warmed  up  to  65 °C 

whelming effects of rewarming on the patient’s 

(18 °F). This technique is relatively inef-

metabolism  and  cardiovascular  system,  which 

ficient due to large difference between 

may  lead  to  sudden  death.  It  is  therefore  sug-

administered  fluids  and  patient’s  per-

gested  that  core  rewarming  be  combined  with 

fused body mass; it is most useful when 

active  external  rewarming  in  moderately  to 

large volumes of fluids are being given 

severely  hypothermic  patients.  Rewarming 

rapidly.  Note  that  fluid  bags  cool  very 

shock  is  also  a  part  of  the  reasoning  behind 

quickly at room temperature. 

rewarming the thorax prior to the extremities so 



●

Body cavity lavage

that  the  heart  has  a  chance  to  rewarm  and  is 



■

Peritoneal lavage using 10–20 ml/kg 

more able to perfuse the extremities. 

heated (40–45 °C; 104–13 °F) isotonic 

ii)  Afterdrop— further  decline  in  temperature 

crystalloids via an abdominal cathe-

after removal from the cold environment due to 

ter.  The  fluid  should  be  allowed  to 

countercurrent  cooling  of  the  blood  until  the 

flow  in  rapidly  by  gravity  flow  and 

gradient between the periphery and the core is 

should  be  removed  immediately. 

eliminated. 

Adequate  rewarming  is  generally 

iii)  Movement of the patient may lead to cardiac 

achieved  with  6–8  exchanges.  It 

arrhythmias, including fibrillation. 

should be noted that active rewarm-

iv)  It  may  take  up  to  2  weeks  before  frostbitten 

ing should be discontinued prior to 

areas that are irreversibly damaged become evi-

reaching  normal  body  blankets.  It 

dent.  Frostbitten  areas  should  be  thawed  by 
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application of warm water. Necrotic tissue will 

as pools, toilets, and bathtubs. In dogs and cats, 

require resection (in some cases amputation). 

near- drowning may be associated with acciden-

Experimental  studies  suggest  that  pentoxifyl-

tal falling into water, swimming misadventures, 

line and topical aloe vera cream may be helpful 

seizures, and breaking through ice. 

in treating frostbitten ears. 

iv)  There is little available information in the vet-

h)  Monitoring

erinary  literature  on  drowning  or  near- 

i)  Temperature— rectal or core (esophageal and rec-

drowning  in  dogs,  and  there  is  even  less  on 

tal probe). With active core warming techniques, 

drowning or near- drowning in cats. 

rewarming  efforts  should  be  stopped  prior  to 

b)  Pathophysiology

reaching  normal  body  temperature  (at  37 °C 

i)  Freshwater near- drowning— aspirated freshwa-

[98.5 °F]), as the patient temperature will continue 

ter dilutes surfactant and contributes to alveolar 

to rise after active core rewarming has stopped. 

collapse  and  low  ventilation  perfusion  (V/Q) 

ii)  Blood glucose monitoring to guide supplemen-

mismatch. Because the aspirated water is hypo-

tation or insulin administration. 

tonic, it can be absorbed. It only contributes to 

iii)  Venous blood gas and electrolytes— pH should 

electrolyte disturbances if the volume is large. 

be interpreted at 37 °C and should not be cor-

ii)  Saltwater  near- drowning— aspirated  saltwater 

rected to patient temperature. 

is  hypertonic  to  plasma  and  is  therefore  not 

iv)  Hemodynamic  monitoring— blood  pressure, 

readily absorbed and causes fluid transudation 

ECG,  and  urine  output  (monitoring  for  cold 

from  the  intravascular  space  into  the  alveoli, 

diuresis and oligoanuria). 

leading  to  hypoxemia,  hypovolemia,  hypoten-

v)  Neurologic  function— monitor  serial  mental 

sion,  and  hemoconcentration.  Electrolyte  dis-

status,  and  consider  modified  Glasgow  Coma 

turbances may occur if the aspirated volume is 

Scale score. 

large (via fluid shifts and added sodium). 

vi)  Hematologic  monitoring— PT,  PTT,  D- dimers 

iii)  “Dry drowning” refers to intense laryngospasm 

or  fibrin  degredation  products  (FDPs),  and 

that  may  occur  resulting  in  upper  airway 

CBC to monitor and treat for abnormalities in 

obstruction. Intense efforts at breathing severely 

primary and secondary hemostasis. 

drop intrapleural pressure leading to increased 

i)  Prognosis

intrathoracic  blood  volume,  increased  pulmo-

i)  Prognosis for hypothermia is difficult to predict 

nary artery pressure, and decreased pulmonary 

and  may  depend  to  some  extent  on  the  pres-

interstitial pressure. The combination of these 

ence  of  underlying  predisposing  disease  pro-

changes results in edema formation due to fluid 

cesses. In humans, some predictors of outcome 

movement into the interstitial space. 

include  prehospital  cardiac  arrest,  low  or 

iv)  Near- drowning resulting in hypoxemia is gen-

absent blood pressure, azotemia, the need for 

erally  characterized  as  ALI  or  ARDS  and  the 

endotracheal intubation, severe hyperkalemia, 

associated  hypoxemia  and  hypotension  may 

and evidence of thromboembolism. 

precipitate multiple organ dysfunction. 

ii)  Prognosis  for  viability  of  frostbitten  tissue 

c)  History/presenting complaint

should be delayed until a distinction between 

i)  Diagnosis is generally made based on the his-

viable and nonviable tissue can be made. 

tory  of  finding  the  patient  submerged  in  or 

C)  Freshwater and saltwater drowning

found near a body of water. 

a)  Definitions and general points

d)  Clinical signs and PE findings

i)  Near- drowning refers to submersion under water 

i)  Cardiovascular— cardiovascular  disturbances 

followed by some period of survival. Drowning 

may  occur  secondary  to  hypoxemia,  brain 

refers to death caused by water submersion. 

insult,  massive  sympathetic  discharge,  and 

ii)  Near- drowning  causes  pulmonary  edema  due 

fluid  fluxes.  Tachycardia,  arrhythmias,  and 

to freshwater or saltwater aspiration and/or a 

hypotension may be present. 

noncardiogenic  pulmonary  edema  syndrome 

ii)  Respiratory— varying  degrees  of  dyspnea, 

(acute lung injury (ALI)/ARDS). 

tachypnea, pulmonary crackles, and cyanosis. 

iii)  Because cats have a natural dislike of water, they 

iii)  Nervous system— depressed mentation, obtun-

rarely  experience  drowning  or  near- drowning; 

dation, and coma. 

most  cases  are  due  to  intentional  submersion; 

iv)  The patient may be significantly hypothermic if 

however, curious kittens can fall into water such 

cold water near- drowning occurred. 

[image: Image 151]
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e)  Diagnosis and laboratory testing

indicated  in  most  cases.  As  a  general  rule  of 

i)  History— history is often diagnostic (the owner 

thumb,  PPV  is  indicated  in  patients  that  are 

may find the patient in or near the water either 

unable  to  maintain  normal  blood  pH  due  to 

unconscious or struggling). 

inadequate  ventilation  and/or  are  unable  to 

ii)  PE  findings— the  patient  may  or  may  not  be 

maintain adequate tissue oxygen delivery and/

wet and may be in shock from hypoxemia and 

or  are  clearly  severely  dyspneic.  Many  clini-

possibly  hypovolemia.  Dyspnea,  tachypnea, 

cians  use  the  50:50  or  60:60  rule  (PPV  when 

and cyanosis may be present. The patient may 

PaO2 < 50–60 mmHg, or PaCO2 > 50–60 mmHg) 

be  mentally  inappropriate,  obtunded,  or 

as  a  starting  point  in  the  decision  to  initiate 

comatose. 

PPV.  Positive  end- expiratory  pressure  (PEEP) 

iii)  CBC/Chemistry  screen/UA— changes  reflec-

would  enable   alveolar  units  to  stay  open 

tive of shock (increased hepatic transaminases, 

throughout  the  respiratory  cycle,  optimizing 

stress  leukogram,  and  hyperglycemia). 

gas exchange and minimizing shear injury. 

Hemolysis  can  occur  with  freshwater  aspira-

ii)  Optimizing cerebral perfusion by maintaining 

tion due to swelling and rupture of red blood 

normotension and normoxemia and recogniz-

cells  secondary  to  rapid  decrease  in  plasma 

ing and treating increased intracranial pressure 

osmolality. 

are mandatory. 

iv)  Acid–base— respiratory  acidosis  or  alkalosis, 

iii)  Antibiotics should be administered, as inhaled 

and metabolic acidosis. 

water can be contaminated with bacteria, algae, 

v)  Electrolyte disturbances may be present when 

and debris. Additionally, animals that are ven-

aspirated fluid volumes are large (e.g., hypona-

tilated  may  be  especially  prone  to  secondary 

tremia due to dilution or hypernatremia due to 

pneumonia. Broad- spectrum antibiotics should 

hemoconcentration and added sodium). 

be  considered.  Protocols  that  can  be  used 

vi)  Thoracic  radiographs— pulmonary  alveolar 

include  clindamycin  10 mg/kg  IV  q12h  and 

infiltrates (can be diffuse or caudodorsally dis-

cefoxitin 30 mg/kg IV q6h, or piperacillin/tazo-

tributed  in  cases  with  intense  laryngospasm; 

bactam 40–50 mg/kg IV q6h and metronidazole 

Figure 39.4). 

10 mg/kg IV q12h. 

f)  Treatment

iv)  Balanced  electrolyte  crystalloid  solutions 

i)  Supplemental  oxygen  is  mandatory  and  posi-

should  be  administered.  Note  that  ALI  and 

tive  pressure  ventilation  (PPV)  would  be 

ARDS  patients  may  have  increased  alveolar 

epithelial and pulmonary capillary endothelial 

permeability,  thus  excessive  fluid  rates  may 

cause  further  alveolar  flooding.  Serial  body 

weights,  urine  output  and  specific  gravity, 

measurement of albumin, total solids by refrac-

tometry, and central venous pressure may aid 

in  choosing  fluid  rates  and  types  (see 

Chapter 8— Fluid Therapy). 

v)  Diuretics may help by decreasing intravascular 

hydrostatic  pressure,  thereby  aiding  in  fluid 

movement from the alveoli to the intravascular 

space; however, hypovolemia and hypotension 

should  be  avoided. There  is  no  evidence  that 

diuretics hasten the resolution of the disease. 

0.5–1.0 mg/kg  furosemide  IV  (sometimes 

administered once) is unlikely to cause harm, 

but  it  should  be  acknowledged  that  near- 

drowning is not a primary problem of increased 

hydrostatic pressure. 

vi)  Passive  or  active  rewarming  should  be  com-

Figure 39.4  Caudodorsal distribution of alveolar infiltrates in a patient with noncardiogenic pulmonary edema. Source: Courtesy 

menced  in  hypothermic  patients  (see 

of the University of Pennsylvania, Department of Radiology 

“Frostbite— hypothermia” in the earlier text). 

archives. 
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g)  Monitoring  as  for  any  critically  ill  patient  with 

1)  Venom contains phospholipase A, hyaluro-

attention to:

nidase, collagenase, L- amino- oxidase, other 

i)  Arterial  blood  gases,  pulse  oximetry,  and 

enzymes, proteins, and peptides. 

capnography. 

2)  Phospholipase  A  causes  echinocytosis, 

ii)  Blood  pressure,  ECG,  and  cardiovascular 

spherocytosis,  hemolysis,  and  endothe-

function. 

lial damage. 

iii)  Serial body weights, UOP, and urine specific 

3)  Hyaluronidase and collagenase enhance tis-

gravity. 

sue penetration. 

iv)  Neurologic function. 

4)  Mojave  toxin,  which  has  a  neuromuscular 

v)  Thoracic radiographs. 

blocking  action,  is  found  in  rattlesnakes 

vi)  Serial acid–base measurements. 

found in the western part of North America 

vii)  Serial electrolyte monitoring. 

including the Mojave rattlesnake and some 

viii)  Temperature. 

Western  diamondback,  Prairie,  and 

ix)  Venous blood gas and electrolytes. 

Southern Pacific rattlesnakes. 

x)  ECG. 

iii)  History/presenting complaint

xi)  Consider advanced imaging if head trauma or 

1)  Exposure to snake. 

organic brain disease is suspected. 

2)  Swelling and pain at site of bite— most cats 

h)  Prognosis

get bitten on front limbs. 

i)  Prognosis for cats that suffer near drowning is 

iv)  Clinical signs/PE findings

unknown. In humans, prognosis is related to 

1)  Usually can see two fang marks. 

level  of  mentation  at  presentation.  PPV  will 

2)  Pain and swelling at site. 

optimize the chance of a successful outcome. 

3)  May  see  color  change  of  tissue  around 

D) Snakebite

bite— becomes dark red to black. 

a)  Pit  vipers  (Viperidae)  including  rattlesnakes 

4)  May  present  with  shock  (tachycardia,  poor 

( Crotalus spp.), copperheads, cottonmouths, water 

pulses, etc.), fever, dyspnea, vomiting, hematu-

moccasins  ( Agkistrodon  spp.),  and  massasaugas 

ria, pigmenturia, ataxia, and mental dullness. 

( Sistrurus  spp.)  are  found  throughout  North 

5)  Neurologic signs such as altered mentation, 

America. 

tetraparesis/tetraplegia,  extensor  rigidity, 

i)  General points

conscious proprioceptive deficits, and ataxia 

1)  These  snakes  strike  and  release  prey,  and 

can be seen if venom contains Mojave toxin. 

then find it after it dies. 

Pelvic limb paresis 3–4 days post envenoma-

2)  Dry bites (no release of venom) occur in 20–25% 

tion  that  resolved  in  24 hours  has  been 

of bites from North American pit vipers. 

reported in 2 cats. 

3)  Eastern diamondback rattlesnake is one of 

v)  Laboratory testing

the most dangerous snakes in United States 

1)  CBC— echinocytes  are  common  finding 

(long fangs, high yield of venom, and large 

after  rattlesnake  bites,  appear  soon  after 

size and strength). 

envenomation, and are evident for at least 

4)  Most snakebites in cats occur on forelimbs, 

24–48 hours. Thrombocytopenia, leukocyto-

head, or neck. 

sis, and increased nucleated red blood cells 

5)  Bites on the head and neck can become life- 

may be seen. 

threatening  because  of  edema  resulting  in 

2)  Chemistry 

screen— hypoalbuminemia, 

airway obstruction. 

azotemia, and increased liver enzymes may 

6)  Bites on the thorax often are more prone to 

be present. 

complications and may be more common in 

3)  Coagulation  tests— thrombocytopenia  and 

cats than in dogs due to their defensive pos-

prolonged PT/PTT. 

ture,  which  exposes  the  lateral  aspects  of 

4)  UA— hematuria and pigmenturia. 

the thorax. 

vi)  Treatment

7)  Agonal  bites  often  contain  the  highest 

1)  Treatment  for  cardiovascular  and  respira-

amount of venom. 

tory compromise

8)  Bites from larger snakes and bites that occur 

–  IV  fluid  therapy— may  require  shock 

when snakes first come out of hibernation 

boluses initially (crystalloids 10–15 ml/kg 

often have higher amounts of venom. 

boluses up to 45–60 ml/kg). 

ii)  Pathophysiology

–  Supplemental oxygen. 
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2)  Antivenin— there  are  2  currently  available 

3)  UOP. 


in the USA

4)  Degree  of  swelling  and  any  respiratory 

–  Antivenin (Crotalidae) Polyvalent (ACP) 

compromise secondary to swelling. 

(equine) 

Boehringer 

Ingelheim 

viii)  Prognosis— cats  tend  to  get  more  venom/kg 

Vetmedica, Inc., St. Joseph, Missouri. 

body weight than dogs (smaller size resulting 

–  CroFab,  Crotalidae  Polyvalent  Immune 

in  higher  venom  dose/kg),  and  they  may  be 

Fab  (ovine),  BTG/Boston  Scientific, 

more  sensitive  to  it.  Fair  to  poor  prognosis 

Marlborough, MA. 

depending  on  severity  of  signs.  Mortality  of 

–  CroFab is considered 5× more potent that 

16% reported in cats from Southern California. 

ACP, but has shorter half- life so may need 

b)  Coral  snakes,  cobras,  mambas,  kraits,  and  tiger 

to  be  redosed  (recommended  to  redose 

snakes (Elapidae)

humans at 6, 12, and 18 hours post initial 

i)  General points

treatment). 

1)  Eastern  coral  snake  ( Micrurus  fulvius), 

–  If used, 1 vial per cat is given slowly IV 

Texas  coral  snake  ( Micrurus  tener),  and 

over 1–2 hours. 

Western coral snake ( Micruroides euryxan-

–  Intradermal testing does not accurately pre-

 thus)  are  the  species  present  in  North 

dict anaphylaxis. No reports of anaphylaxis 

America. 

in cats with ACP in the literature, but ana-

2)  Eastern coral snake ( M. fulvius) is found in 

phylaxis from CroFab has been reported. 

area from eastern North Carolina through 

–  Pretreatment  with  diphenhydramine, 

tip of Florida and in the Gulf Coastal Plain 

1–2 mg/kg IM or IV, and close monitoring 

to  the  Mississippi  River,  and   M.  tener  is 

of respiratory (respiratory rate and effort, 

found  west  of  the  Mississippi  River  in 

auscultation,  etc.)  and  cardiovascular 

Louisiana,  Arkansas,  and  Texas.  Western 

parameters  (heart  rate,  rhythm,  blood 

coral  snake  ( M.  euryxanthus)  is  found  in 

pressure,  etc.)  during  infusion  are 

Southeastern  Arizona  and  Southwestern 

recommended. 

New Mexico, but not medically important. 

–  Use  of  antivenin  may  result  in  serum 

3)  Adult coral snake is usually 20–44 in. long, 

sickness (a type III hypersensitivity reac-

with a black nose and alternating yellow, 

tion)  5–25 days  after  administration 

black,  and  red  bands  around  the  body. 

(reported in humans and dogs). Signs in 

Albino, all black, and partially pigmented 

humans  may  include  fever,  urticaria, 

forms may be seen. 

lymphadenopathy, edema, vomiting, and 

4)  Dry bite rate of 25–40%. 

peripheral neuritis. 

5)  Coloration of coral snakes is very similar to 

3)  Corticosteroids— not currently recommended. 

nonvenomous kingsnake— use the rhyme 

4)  Antibiotics— broad- spectrum 

antibiotics 

“red next to yellow, kill a fellow; red next to 

pending  culture  and  sensitivity  results. 

black, venom lack” to differentiate. 

Protocols could include clindamycin 10 mg/

6)  Coral  snakes  usually  strike  and  hold  on, 

kg IV q12h and cefoxitin 30 mg/kg IV q6h, 

using  a  chewing  motion  to  introduce 

or ampicillin/sulbactam 22 mg/kg IV q8h or 

more venom. 

piperacillin/tazobactam  50 mg/kg  IV  q6h 

7)  Coral snakes are non- aggressive, and bites 

with metronidazole 10 mg/kg IV q12h. 

are  rare— only  approximately  150  bites/

5)  Pain  management  is  essential;  snakebites 

year in humans. 

can be very painful (see Chapter 7— Analgesia 

8)  Clinical signs usually begin within minutes 

in the Critically Ill Cat). 

to a few hours, but may be delayed for up to 

6)  Surgical  debridement  if  tissue  necro-

18 hours after the bite (at least in humans). 

sis occurs. 

ii)  Pathophysiology

vii)  Monitoring  as  for  any  critical  cat.  Especially 

1)  Neurotoxic  venom  causes  postsynaptic 

consider:

non- depolarizing  blockade  of  the  neuro-

1)  Cardiovascular  parameters— heart  rate, 

muscular  junction,  resulting  in  general-

ECG, blood pressure, etc. 

ized  musculoskeletal  weakness  to  flaccid 

2)  Respiratory  status— respiratory  rate  (RR), 

paralysis, which can result in death due to 

respiratory effort (RE), pulse oximetry, etc. 

hypoventilation. 

 Feline Emergency and Critical Care Medicine 519

2)  May  also  cause  intravascular  hemolysis 

arterial  or  venous  blood  gases.  An  arterial 

(reported in dogs and humans, but not cats). 

CO2  of  >45 mmHg  or  a  venous  CO2  of 

iii)  History/presenting complaint

>50–55 mmHg indicates hypoventilation. 

1)  Exposure to coral snake. 

2)  ECG  for  arrhythmias  (appears  rare  in  cats 

2)  May  only  have  history  of  acute  flaccid 

and common in dogs). 

paralysis. 

3)  PCV for evidence of hemolysis (appears rare 

iv)  Clinical signs/PE findings

in cats but common in dogs). 

1)  May see scratch marks or puncture wounds, 

4)  Recovery may take 7–10 days. 

mild  to  moderate  edema,  erythema,  and 

viii)  Prognosis— unknown, as many cases may go undi-

pain at the bite site. 

agnosed. In case report of three cats, all three sur-

2)  Systemic  signs  can  include  lethargy,  weak-

vived.  Same  publication  mentions  two  other  cats 

ness,  vomiting,  hypersalivation,  dyspnea, 

that died either just after presentation or en route to 

seizures, and paralysis (in humans and dogs). 

hospital. More recent retrospective included 3 cats, 

3)  Paralysis and death from respiratory failure 

2/3 survived and both received antivenin. Third cat 

can occur within a few hours. 

arrested while antivenin was being prepared. Also, 

4)  Cats  most  often present  with acute  flaccid 

recent  report  of  successful  treatment  of  cat  that 

quadriplegia to paralysis. 

required mechanical ventilation. 

v)  Diagnosis/laboratory testing

E)  Insect bites/stings

1)  Identification of snake. 

a)  Bee  and  wasp  stings  and  ant  bites  ( Hymenoptera 

2)  Clinical signs. 

order— includes bees, wasps, hornets, and ants)

3)  Laboratory testing is not helpful in making 

i)  General points

diagnosis.  Mild  hypokalemia,  hyperglyce-

1)  Includes  bees  (Apidae);  yellow  jackets, 

mia,  increased  creatine  kinase  (CK)  and 

wasps, and hornets (Vespidae); and fire ants 

AST, and a stress leukogram may be present. 

(Formicidae)

4)  Electromyogram  will  be  consistent  with 

2)  Venom  contains  histamine,  hyaluronidase, 

neuromuscular junction blockade. 

phospholipase, 

polyamines, 

melittin, 

vi)  Treatment

and kinins. 

1)  Supportive  care— more  emphasis  on  sup-

3)  Severity  of  signs  depends  on  number  and 

portive care due to decreased availability of 

location of stings, hypersensitivity, age (kit-

antivenin; may need mechanical ventilation. 

tens  and  older  cats  are  more  susceptible), 

2)  Antivenin— US  product  was  discontinued 

and preexisting disease processes. 

in  2003.  Imported  products  from  Mexico 

4)  Yellow  jackets  are  more  aggressive  in  late 

and Central America have been used. 

August/September  when  new  colonies  are 

3)  Coralmyn  Instituto  Bioclon,  Mexico  City, 

being formed (“yellow jacket delirium”). 

Mexico (equine). May not currently be avail-

5)  Yellow jackets form colonies in the ground, 

able for import to the USA. 

making  them  more  of  a  risk  to  cats  than 

4)  Anticoral Instituto Clodomiro Picado, Costa 

wasps and hornets, which form nests along 

Rica (equine). 

rooflines and in trees. 

5)  Can administer one vial/cat slowly IV over 

6)  Africanized  honeybees  are  more  aggressive 

1–2 hours. Monitor for allergic or anaphy-

than  other  honeybees  and  more  likely  to 

lactic  reactions  (equine  origin),  including 

swarm and result in many stings. These are 

edema, urticaria, tachycardia, hypotension, 

primarily present only in the southern por-

arrhythmias, and increased respiratory rate 

tion of the USA. 

and/or respiratory distress. One report in lit-

ii)  Three categories of reaction

erature of cat that had anaphylactic reaction 

1)  Local reaction

to Coralmyn. 

–  Includes  pain,  pruritus,  erythema,  angi-

vii)  Monitoring

oedema, and urticaria. 

1)  Monitor ability to ventilate, as paralysis can 

–  Often affects paws or head (playing with 

be ascending and affect muscles of respira-

or trying to eat insect). 

tion. This can be accomplished by observing 

–  Can  result  in  airway  obstruction  due  to 

the patient during respiration, watching for 

swelling  of  tongue  or  oral  cavity  is 

signs  of  paradoxical  breathing  as  well  as 

affected. 
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2)  Systemic toxicosis (massive envenomation)

–  IV  fluids— may  require  shock  bolus  of 

–  Requires large dose of venom from many 

crystalloids (up to 45–60 ml/kg). Given in 

stings or bites. 

incremental  doses  of  10–15 ml/kg  as 

–  Severe depression, fever, neurologic signs 

needed, based on cardiovascular parame-

(ataxia and seizures), vomiting, anorexia, 

ters of patient. 

and petechiation. 

–  Human  serum  albumin  can  be  consid-

–  Can result in hepatic dysfunction, hemo-

ered if severely hypoproteinemic. 

globinuria,  myoglobinuria,  AKI  DIC, 

–  Diphenhydramine  1–2 mg/kg  IM.  May 

cerebral  and  pulmonary  edema,  and 

need to be repeated every 8 hours. 

myocardial damage. 

–  Dexamethasone  sodium  phosphate 

–  CBC  abnormalities  may  include  throm-

0.1–0.2 mg/kg IV. 

bocytopenia, leukopenia or leukocytosis, 

–  Blood products such as FFP, whole blood, 

and anemia. 

and/or packed red blood cells (pRBC) if 

–  Chemistry  screen  abnormalities  may 

coagulopathic or anemic. 

include  increased  blood  urea  nitrogen 

–  Monitoring  and  treatment  for  cardiac 

(BUN),  creatinine,  liver  enzymes,  and 

arrhythmias. 

hypoalbuminemia. 

3)  Anaphylaxis— see Chapter 3—Shock. 

–  Coagulation  abnormalities  may  include 

iv)  Prognosis— depends on number of stings/bites 

thrombocytopenia,  prolongation  of  the 

and severity of reaction. Excellent for localized 

PT  and  PTT,  and  increased  FDPs  and 

reactions. Cats with systemic toxicosis or ana-

D- dimers. 

phylactic  reactions  are  very  critical  and  a 

3)  Anaphylaxis

guarded prognosis should be given. 

–  A single sting or bite can cause anaphy-

b)  Brown recluse spider bites ( Loxosceles spp.)

lactic  reaction  in  a  hypersensitized 

i)  General points

patient. 

1)  This  species  is  generally  limited  to  Central 

–  Clinical  signs  of  anaphylaxis  in  cats 

Midwestern  USA  southward  to  the  Gulf 

include  shock  (tachycardia,  hypoten-

of Mexico. 

sion), laryngeal edema, salivation, dysp-

2)  Has characteristic violin- shaped marking on 

nea,  bronchial  constriction,  pruritus, 

the cephalothorax (fused head and thorax of 

vomiting, diarrhea, salivation, ataxia, col-

spider)— also  called  fiddleback  spiders  or 

lapse, seizures, and death. 

violin spiders

–  Signs  usually  occur  within  15 minutes, 

–  Also has six eyes arranged in pairs— most 

but can be delayed for a few hours. 

spiders  have  eight  eyes— and  has  fine 

–  Anaphylaxis  to  insect  bites  and  stings 

hairs, not spines, covering legs. 

appear to be very rare in cats. 

3)  No confirmed cases in veterinary literature 

iii)  Treatment

in cats (or dogs). 

1)  Localized— often  self- limiting  and  do  not 

ii)  Pathophysiology

require treatment

1)  Venom causes a characteristic dermonecrotic 

–  If more severe swelling occurs, treat with 

lesion  from  the  hyaluronidase,  sphingomy-

diphenhydramine,  1–2 mg/kg  SQ  or 

elinase D, alkaline phosphatase, collagenase, 

IM.  Can  continue  with  oral  diphenhy-

esterase,  ribonuclease,  deoxyribonuclease, 

dramine at 1 mg/kg q12h if needed. 

and other proteases in the venom. 

–  Dexamethasone 

sodium 

phosphate 

iii)  History/presenting complaint

0.1–0.2 mg/kg  can  be  used  IV  or  IM,  fol-

1)  May have history of playing with a spider. 

lowed by oral prednisone at 0.5–1.0 mg/kg/

iv)  Clinical signs/PE findings

day tapered over 5–7 days if severe swelling. 

1)  Lesion on skin that is often a bull’s- eye pat-

–  Usually  treated  as  outpatients,  unless 

tern with black center surrounded by white 

swelling  is  severe  or  compromising  air-

areas  from  ischemia,  and  finally  a  ring  of 

way.  Emergency  tracheostomy  may  be 

erythema. 

needed rarely. 

2)  Lesions are often located on extremity or face. 

2)  Systemic toxicosis (massive envenomation)

3)  Most severe cases are those that involve adi-

–  Supplemental oxygen if respiratory signs 

pose  tissue  due  to  poor  blood  supply  and 

are present. 

ischemic effects of venom. 
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4)  Development of abscess is uncommon. 

2)  Temperature,  heart  rate,  respiratory  rate, 

5)  Fever,  lameness,  seizures,  renal  failure, 

mucous  membrane  color,  capillary  refill 

hemolytic  anemia,  thrombocytopenia,  and 

time, and blood pressure should be moni-

DIC may develop, but these complications 

tored  for  signs  of  secondary  sepsis  or 

are all rare. 

systemic 

inflammatory 

response 

v)  Diagnosis/laboratory testing

syndrome (SIRS). 

1)  Presumptive diagnosis unless spider can be 

viii)  Prognosis— most human cases respond well to 

located and identified. 

supportive  care  and  surgical  treatment  of 

2)  Other differential diagnoses that should be 

wound, if needed. No information about prog-

considered  are  soft- tissue  infections,  pyo-

nosis in cats, as there are no confirmed cases 

derma, cutaneous neoplasia, toxic epidermal 

in veterinary literature. 

necrosis,  erythema  multiforme,  localized 

c)  Black widow spider bites ( Latrodectus spp.)

vasculitis, and purpura fulminans. 

i)  General points

3)  Rarely,  hemolytic  anemia,  thrombocytope-

1)  Found throughout the temperate and trop-

nia, or DIC can be seen. 

ical regions of the world, including most of 

vi)  Treatment

the USA. 

1)  Small lesions may heal without treatment, 

2)  Only the females have fangs long enough 

but  take  a  prolonged  time  to  heal,  often 

to envenomate animals and humans. 

weeks  to  months.  Surgical  excision  is  not 

3)  Female  is  black  and  has  orange  to  red 

recommended. 

hourglass shape on ventral abdomen. 

2)  Rarely, larger wounds may require surgical 

4)  Venom is more potent and bites are more 

debridement. 

common in late summer to early fall. 

3)  Reconstructive  surgery  involving  flaps  or 

5)  Cats  are  much  more  sensitive  to  black 

grafts may be required for severe cases. 

widow spider venom than dogs. 

4)  Broad- spectrum antibiotics are indicated for 

ii)  Pathophysiology

large open lesions. Cultures should be taken 

1)  The  venom  contains  alpha- latrotoxin, 

and antibiotics chosen based on culture and 

which  binds  to  sympathetic,  parasympa-

sensitivity. 

thetic, and motor nerve terminals. 

5)  Dapsone  (leukocyte  inhibitor)  has  been 

2)  Membrane  channels  open,  allowing  cal-

suggested as a therapy to decrease inflam-

cium to move intracellularly and releasing 

mation early in the course of treatment in 

neurotransmitters  (acetylcholine  and 

humans, although some studies have not 

norepinephrine). 

shown  a  benefit.  Dose:  1 mg/kg/day  PO 

3)  This  causes  muscle  spasm  and  pain,  fol-

for  10 days  and  must  be  given  within 

lowed  by  flaccid  paralysis.  It  also  causes 

hours of the bite. There are no published 

salivation, lacrimation, tachycardia, brady-

clinical  reports  of  its  use  in  cats  with 

cardia, and hypertension. 

brown  recluse  spider  bites.  Cats  may  be 

iii)  History/presenting complaint

more  prone  to  side  effects,  including 

1)  Owner may have seen black widow spider. 

hemolysis,  methemoglobinemia,  and 

2)  Agitation,  anorexia,  ataxia,  pain,  skeletal 

peripheral neuropathy, and its use is not 

muscle  spasms,  and  rigidity,  followed  by 

recommended. 

weakness  and  recumbency  due  to  flaccid 

6)  Hyperbaric oxygen therapy has been recom-

paralysis. 

mended  for  humans  in  severe  cases,  since 

iv)  Clinical signs/PE findings

oxygen inactivates some of the necrotizing 

1)  Signs are severe in cats, often fatal. 

enzymes. 

2)  May have a small erythematous lesion at 

7)  Corticosteroids  are  indicated  if  hemolytic 

site of bite. 

anemia or severe thrombocytopenia (plate-

3)  Vocalization,  hypersalivation,  and  severe 

let  count  <30 000/μl,  consistent  with  an 

abdominal pain are most common. 

immune- mediated destruction of platelets) 

4)  Muscle spasms, with abdominal and hind- 

develops. 

limb rigidity and pain. 

vii)  Monitoring

5)  Tachypnea secondary to pain; may develop 

1)  Monitor  for  signs  of  secondary  bacterial 

respiratory  failure,  as  muscles  of  respira-

infection in wound. 

tion are affected. 
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6)  Vomiting may occur, and spider may be pre-

viii)  Prognosis

sent in vomitus. 

1)  Incidence and mortality not known in cats, 

v)  Diagnosis/laboratory testing

but  thought  to  often  be  fatal  if  untreated. 

1)  Often a presumptive diagnosis. 

One documented case of a cat that survived 

2)  Increased CK and AST. 

and  was  treated  with  1  vial  of  antivenin, 

3)  Myoglobinuria. 

slowly improving over 5–6 days. 

4)  Hypocalcemia due to influx of calcium into 

2)  Early  recognition  and  appropriate  therapy 

nerve terminals. 

improve prognosis. 

5)  Hypokalemia. 

F)  Electrical injury/electrocution

6)  Azotemia. 

a)  Definitions and general points

vi)  Treatment

ix)  Electrical injury is not uncommon in cats that 

1)  Muscle relaxants (methocarbamol 50–100 mg/

are  playful  and  have  an  inherent  curiosity 

kg  IV  q6–8h,  do  not  exceed  330 mg/kg/day) 

about linear materials. 

during the early phase of muscle rigidity and 

x)  Electrical injury causes a form of neurogenic pul-

pain control with opioids or other pain man-

monary edema that is secondary to severe brain 

agement drugs (see Chapter 7— Analgesia in 

insult and involves massive sympathetic discharge. 

the Critically Ill Cat). 

xi)  Electrocution technically refers to death caused 

2)  Fluid therapy as needed. 

by exposure to electrical current; however, the 

3)  Calcium supplementation

term is often used interchangeably with “elec-

–  Calcium  gluconate  10%  solution: 

trical injury.” 

0.5–1.5 ml/kg  slowly  IV  over  10–15 min-

b)  Pathophysiology

utes only if patient has ionized hypocal-

i)  Kittens  and  cats  who  are  playful  and  curious 

cemia  (<0.8 mmol/l).  Administration  of 

may be predisposed. 

calcium  may  help  relieve  muscle  pain 

ii)  The amount of tissue injury caused by electro-

and is thought to antagonize the release 

cution  depends  upon  the  amount  of  current, 

of  synaptic  vesicles  by  the  toxin  while 

duration  of  exposure,  and  tissues  traversed. 

potentiating  normal  neurotransmitter 

Generally,  low- voltage  exposure  (e.g.,  house-

release.  Not  currently  recommended  in 

hold  sources)  causes  less  injury  than  high- 

human patients. 

voltage exposure (e.g., lightning strikes). 

4)  Antivenin— black  widow  spider  antivenin 

iii)  Electrical injury can cause acute dyspnea. The 

(Merck  &  Co.,  Inc.  West  Point,  PA)  of 

dyspnea  is  thought  to  be  caused  by  massive 

equine origin

release of catecholamines resulting in intense 

–  Single vial is given after reconstitution in 

peripheral vasoconstriction and redistribution 

50 ml 0.9% NaCl IV over 15 minutes. 

of  blood  to  the  pulmonary  circulation.  There 

–  Prior to administration, test dose of 0.1 ml 

may  also  be  increased  pulmonary  capillary 

is given intradermally. The cat should be 

endothelial permeability. 

monitored  for  signs  of  anaphylaxis 

iv)  Injury and/or death may be caused by depolari-

including  tachypnea,  increased  respira-

zation  of  muscles  and  nerves,  launching  of 

tory effort, tachycardia, hypotension, ery-

abnormal  electrical  rhythms  in  the  heart  and 

thema,  and  edema.  If  noted,  antivenin 

brain, and production of burns. 

should not be administered. Intradermal 

v)  Alternating current (AC) may produce ventric-

test may not be very reliable in cats. 

ular fibrillation if the path of the current trav-

–  Clinical  response  is  usually  seen  within 

erses the chest. 

1–2 hours of administration and is char-

vi)  Protracted  exposure  to  electrical  current  may 

acterized by a return of muscle strength 

interfere  with  respiratory  muscle  movement 

and  function,  initially  including  an 

and  can  cause  rhabdomyolysis,  myoglobine-

improvement in respiratory function and 

mia, and myoglobinuria. 

ability to lay sternally. 

c)  History and presenting complaint

vii)  Monitoring

i)  In unwitnessed electrical injury, the owner may 

1)  Electrolyte and acid–base monitoring. 

present the patient for signs of respiratory dis-

2)  Blood  pressure  monitoring  (may  become 

tress, collapse, or neurologic abnormalities but 

hypertensive due to the autonomic effects of 

without a known cause. The owner may find 

the toxin). 

the cat with the electrical cord in its mouth. 
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d)  Clinical signs and PE findings

debridement may be indicated. Oronasal fistu-

i)  Tissue injury is generally the worst at the point 

las may need surgical intervention. 

of contact, where it causes deep focal burns that 

iv)  Patients with large surface area burns will have 

appear  pale  and  bloodless  on  examination. 

excessive  fluid  losses  and  will  require  more 

Cutaneous burns involving the commissures of 

aggressive and tailored fluid therapy (e.g., they 

the lips, tongue, and hard palate may be present. 

may  require  colloidal  support  in  the  form  of 

ii)  Cardiovascular— tachycardia, poor pulses, and 

synthetic  colloids  or  fresh  frozen  plasma  if 

arrhythmias may be present. The patient may 

coagulopathic). 

also suffer cardiac (or respiratory) arrest. 

v)  In patients with signs of increasing intracranial 

iii)  Respiratory— varying  degrees  of  dyspnea, 

pressure  (deteriorating  mentation,  hyperten-

tachypnea,  crackles,  and  coughing  may  be 

sion, and bradycardia), mannitol or hypertonic 

present. 

saline solution may be indicated. Mannitol at 

iv)  Nervous  system— seizures,  mental  obtunda-

0.5 g/kg  can  be  administered  over  15–20 min-

tion, and unconsciousness. 

utes.  Mannitol  should  be  avoided  in  hypov-

v)  GI— vomiting and diarrhea. 

olemic patients, as it will cause volume loss via 

vi)  Renal— pigmenturia. 

osmotic diuresis. Hypertonic saline at 3 ml/kg 

e)  Diagnosis/laboratory testing

can be administered over 15 minutes and is a 

i)  History— known  exposure  to  an  electri-

better  choice  for  hypovolemic  patients. 

cal source. 

Dehydration  is  a  relative  contraindication  to 

ii)  PE  findings— cutaneous  burns  (especially  in 

administration  of  hypertonic  saline  solution, 

and around the mouth) and dyspnea. Note that 

and serum sodium should be monitored. 

lack of oral or mucocutaneous burns does not 

vi)  Diuresis  with  IV  fluids,  mannitol  (0.5–1.5 g/

rule out electrocution

kg), or furosemide (0.5–1.5 mg/kg) may be war-

iii)  Thoracic radiographs— caudodorsal pulmonary 

ranted  in  patients  with  rhabdomyolysis- 

alveolar  infiltrates  consistent  with  neurogenic 

associated  myoglobinuria  (suggested  by 

pulmonary edema initially, but can progress to 

presence of red- brown pigmenturia that is posi-

diffuse changes rapidly (Figure 39.4). 

tive for blood on a dipstick, but is devoid of red 

iv)  CBC/Chemistry  screen/UA— increased  CK, 

blood cells on sediment exam). Care should be 

azotemia, myoglobinemia, myoglobinuria, and 

taken to strictly avoid hypovolemia and electro-

stress leukogram. 

lyte disturbances with use of diuretics. 

v)  Acid–base— metabolic  acidosis,  and  respira-

g)  Monitoring

tory alkalosis or acidosis. 

i)  Arterial  blood  gases,  pulse  oximetry,  and 

vi)  ECG— ventricular arrhythmias. 

capnography. 

f)  Treatment

ii)  Blood  pressure,  ECG,  and  cardiovascular 

i)  Witnessed  electrical  injury  must  initially  be 

function. 

treated by safe removal of the patient from the 

iii)  Serial body weights, UOP, and urine specific 

electrical  source  once  the  power  supply  has 

gravity. 

been interrupted. 

iv)  Neurologic function. 

ii)  Initial triage and stabilization as with any criti-

v)  Thoracic radiographs. 

cal case with possible pulmonary parenchymal 

vi)  Serial acid–base measurements. 

disease (supplemental oxygen and fluid resus-

vii)  Serial electrolyte monitoring. 

citation) and is mainly supportive. Judicious IV 

viii)  Temperature management. 

fluid  therapy  should  be  employed  when  the 

ix)  Venous blood gas and electrolytes. 

patient  has  pulmonary  injury.  Guiding  fluid 

x)  ECG. 

therapy with central venous pressure monitor-

xi)  Temperature. 

ing,  urine  output,  urine  specific  gravity,  and 

h)  Prognosis

serial body weights may be helpful. 

i)  There is little veterinary literature to describe 

iii)  Local burn injury should be treated by clipping 

prognoses  of  cats  with  electrical  injury.  In 

and  cleaning  the  lesion(s).  If  larger  areas  of 

humans without burns, prognosis depends on 

necrosis  develop,  treatment  with  surgical 

CNS function. 
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40

Common Technical Procedures in the ER

 Sage De Rosa and Vincent J. Thawley

UNIQUE FEATURES



● Indirect blood pressure measurement via Doppler sphygmomanometry is used frequently in cats and has demonstrated good correlation and accuracy; the value obtained is typically regarded as the systolic pressure. 



● Thoracocentesis is both diagnostic and therapeutic in patients with respiratory distress due to pleural effusion. The most common causes of pleural effusions in cats include cardiac disease and neoplasia. 



● Pericardial effusion is less common in cats as compared to dogs, and rarely causes cardiac tamponade. The most common cause for pericardial effusion in cats is congestive heart failure, although the volume is generally small and pericardiocentesis is uncommonly required. 



● A coccygeal epidural with morphine and bupivacaine may facilitate placement of a urethral catheter and provide several hours of 

 

analgesia for cats with urethral obstruction. 

40.1   Introduction

as fear- related aggression and handling these patients can 

be challenging. A feline- friendly approach to handling and 

In order to effectively treat sick or critically ill cats, rapid 

restraint  may  help  to  minimize  stress  during  physical 

assessments,  diagnostic,  and  therapeutic  procedures  are 

examinations and procedures, improving patient comfort 

often necessary. Following the initial triage evaluation, cer-

and safety for both the patient and the clinical staff. 

tain  diagnostic  procedures  may  be  crucial  in  identifying 

A)  When  feasible,  exams  and  procedures  should  be  per-

serious  or  life- threatening  abnormalities.  Additionally, 

formed in a quiet area away from other patients, espe-

many point- of- care diagnostics are used to guide the initial 

cially barking dogs. 

management  of  the  emergent  patient.  These  cats  may 

B)  Many cats feel secure within their own carrier and will 

require  various  therapies  to  stabilize  their  signs  or  to 

permit an examination in the carrier with the top half 

improve clinically. As such, emergency personnel should 

removed. If the cat is fearful, covering it with a towel 

become adept at a number of diagnostic and therapeutic 

may  help  reduce  anxiety  as  the  top  of  the  carrier  is 

techniques.  The  following  pages  outline  relevant  proce-

removed. 

dures  that  will  aid  the  practitioner  in  the  emergency 

a)  When  possible,  avoid  reaching  into  the  carrier  to 

setting. 

grab the cat to pull it out or tilting the carrier upward 

to tip the cat out. 

C)  Place a towel onto the exam table under the cat or uti-

40.2   Handling and Restraint

lize bedding from the carrier to do so. 

D)  Swaddling the cat in a towel during the examination 

A  visit  to  the  emergency  room  can  be  very  stressful  for 

may reduce anxiety. Single limbs can be removed for 

feline patients and can exacerbate stress or anxiety that the 

placement of intravenous catheters or venipuncture. 

cat may already be experiencing as a result of their under-

E)  Utilize towels or muzzles to cover the face and reduce 

lying illness or injury. In some patients, this can manifest 

visual  stimuli.  A  muzzle  may  also  be  needed  when 
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working with aggressive patients to protect clinical staff 

cause phlebitis of a peripheral vessel, and they may 

from injury. Thick gloves may be used to protect staff 

allow for more rapid administration of intravenous 

from bites or scratches, although these can be stiff and 

fluids, as larger diameter catheters can be utilized in 

limit dexterity when handling patients. 

a central vessel; however, central venous catheteri-

F)  Scruffing,  or  grasping  the  skin  at  the  dorsal  neck,  is zation  can  often  be  technically  more  challenging 

controversial,  as  it  may  exacerbate  fear,  anxiety,  or 

and may take longer to place. 

aggression. When utilizing scruffing, gentle technique 

b)  Jugular catheterization is contraindicated in patients 

is advised. The cat should not be lifted or suspended 

with coagulopathy or increased intracranial pressure. 

with the scruffing technique. 

C)  Butterfly catheters may be used for drawing blood or 

G)  Cat- restraint  bags  allow  for  access  to  a  forelimb  for 

administration of medication intravenously, but are dif-

cephalic venipuncture or IV catheter placement and to 

ficult to secure in place and are generally not suitable 

the shoulder region for subcutaneous injection. It can be 

for long- term use. 

challenging to get a fractious cat into a bag and the pro-

D)  Over- the- needle catheters are most commonly utilized 

cess can exacerbate stress. In most instances, swaddling 

in  the  emergency  setting.  For  most  feline  patients,  a 

the cat in a towel may be preferable over use of a cat bag. 

22–24- gauge catheter is suitable for catheterization of a 

H) Netting with a clamshell net should only be used in an 

peripheral  vessel;  20–22- gauge  catheters  can  often  be 

emergency, such as when a fractious cat is loose or for 

used for catheterization of the jugular. 

removing aggressive cats from their cage for sedation. 

a)  To  place  an  over- the- needle  catheter,  the  fur  is 

The use of a catch pole (i.e., a pole with a loop that can 

clipped over the desired insertion site and the skin is 

be tightened) should be avoided if at all possible. 

prepped aseptically. 

I)  Chemical  restraint  may  be  necessary  to  work  safely 

b)  The catheter is directed toward the vessel at a 30°–45° 

with a fractious or aggressive patient, and is preferable 

angle. The stylet is used to penetrate the skin and 

to forcible physical restraint, as it can reduce stress and 

vessel wall and then the catheter angle is reduced 

improve safety for both the patient and the clinical staff. 

and the catheter is advanced forward from the stylet 

a)  Medications that can be administered orally, subcuta-

and  into  the  vessel  lumen.  Blood  samples  may  be 

neously, or intramuscularly are preferable, as adminis-

drawn from the catheter if indicated, after which the 

tration via these routes generally requires less restraint 

catheter is capped with an injection or T- port. The 

than would be necessary for an intravenous injection. 

catheter is secured in place with tape or sutures. 

b)  When chemical restraint is needed for patients that 

c)  For patients with thick skin, a surgical scalpel blade 

are  unstable,  ideally  use  low  dosages  titrated  to 

or  22- gauge  needle  can  be  used  to  make  a  small 

effect. The choice of medications should be individu-

relief incision at the desired insertion site prior to 

alized to the patient with consideration given to their 

advancing the stylet. 

clinical  status,  known  or  assumed  organ  dysfunc-

E)  Long, through- the- needle catheters may be utilized to 

tion, and potential for adverse effects. Medications 

achieve  central  venous  access  via  insertion  into  a 

that can be quickly reversed (i.e., opioids, benzodiaz-

peripheral  vessel.  These  catheters  allow  for  intermit-

epines, and alpha- 2 agonists) may be preferable. 

tent blood sampling as well as administration of hyper-

osmolar  solutions  that  might  cause  phlebitis  of  a 

peripheral vessel. 

40.3   Vascular Access

a)  To  place  a  through- the- needle  catheter,  the  fur  is 

clipped over the desired insertion site and the skin is 

Rapid intravenous access is indicated in any critically ill or 

prepped  aseptically.  Most  commonly  the  medial 

injured patient for administration of intravenous fluids or 

saphenous vein is used in feline patients. 

medications. 

b)  The  needle  of  the  catheter  is  directed  toward  the 

vessel at a 30°–45° angle and used to penetrate the 

A)  The most commonly utilized peripheral veins for cath-

skin  and  vessel  wall.  The  needle  angle  is  then 

eterization  include  the  cephalic  and  medial  saphen-

reduced and the catheter is advanced through the 

ous veins. 

needle  until  the  length  of  the  catheter  is  fully 

B)  Placement  of  a  central  venous  catheter  utilizing  the 

advanced into the patient. The needle is then with-

jugular or medial femoral vein can be considered when 

drawn and placed into the needle guard, which is 

catheterization of a peripheral vein is not feasible. 

then secured in place with tape or sutures. 

a)  Central  venous  catheters  allow  for  administration 

c)  Alternatively,  a  20- gauge  over- the- needle  catheter 

of  hyperosmolar  solutions  that  might  otherwise 

can first be placed into a peripheral vessel. Following 
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this, the needle of the through- the- needle catheter 

(alternatively,  the  catheter  may  be  flushed  with 

is removed, and the long catheter is then advanced 

sterile saline prior to insertion). The catheter is then 

through the previously placed over- the- needle cath-

secured in place with sutures. 

eter  until  it  is  fully  advanced  into  the  vein  of  the 

f)  Complications of central venous catheterization can 

patient. Placement with this technique is preferable 

include hemorrhage, vascular disruption, thrombo-

because  it  precludes  the  need  for  a  needle  guard, 

sis,  infection  at  the  insertion  site  and  catheter- 

which  can  be  bulky  and  difficult  to  secure  to  the 

associated  sepsis,  and  arrhythmias.  Placement  is 

patient. 

contraindicated in patients with coagulopathy. 

d)  Prior to administering fluids or medications, blood 

G)  In pediatric patients in which intravenous access is not 

should be drawn from the catheter to remove all air 

possible,  intraosseous  catheterization  in  either  the 

from the catheter lumen. 

proximal humerus or femur can be placed. 

F)  Single- or multi- lumen over- the- wire central catheters 

a)  To place an intraosseous catheter into the proximal 

can be placed via the Seldinger technique, most com-

femur,  the  femur  is  first  palpated  and  the  greater 

monly into the jugular or medial femoral vein. These 

trochanter is identified. The fur over the greater tro-

catheters  permit  blood  sampling,  simultaneous  infu-

chanter is clipped and the skin is prepped aseptically. 

sions of medications that might otherwise be incompat-

b)  The hip is held in a neutral position and the leg is 

ible  through  separate  catheter  lumens,  infusion  of 

externally  rotated.  A  20–22- gauge  hypodermic  or 

hyperosmolar  solutions,  and  central  venous  pressure 

spinal needle is walked off the medial aspect of the 

monitoring.  Placement  of  these  catheters  generally 

greater  trochanter  toward  the  trochanteric  fossa 

requires deep sedation or general anesthesia. 

parallel to the long axis of the bone. 

a)  To  place  a  central  catheter  using  Seldinger  tech-

c)  When  cortical  bone  is  encountered,  the  needle  is 

nique, the fur is clipped over the desired insertion 

rotated in either direction as gentle advancing pres-

site and the skin is prepped aseptically. 

sure is placed. A sudden loss of resistance indicates 

b)  Using sterile procedure, an 11 blade is used to make 

penetration  of  the  cortex.  Proper  placement  is 

a relief incision in the skin and an over- the- needle 

assured  by  moving  the  limb— if  the  catheter  is 

introducer  catheter  is  placed  into  the  vessel  as 

placed  properly,  it  will  move  along  with  the  limb 

described in the earlier text. 

and not become dislodged. 

c)  The stylet is removed from the catheter, and a long 

d)  A small volume of saline is injected and the subcu-

guide  wire  is  inserted  through  the  catheter  and 

taneous tissues are palpated to assess for fluid accu-

advanced into the patient. If the jugular vein is used, 

mulation.  If  this  is  noted,  the  catheter  should  be 

an electrocardiogram (ECG) should be monitored, 

removed and further attempts should utilize a dif-

as  the  development  of  arrhythmias  may  indicate 

ferent bone. 

that  the  catheter  has  entered  the  heart.  Once  the 

e)  The  catheter  is  then  covered  with  a  bandage  and 

wire is inserted to the proper length, the introducer 

may  be  utilized  for  administration  of  intravenous 

catheter is then backed out over the wire and placed 

fluids or medications. 

aside. From this point on, it is essential that care is 

f)  Placement of an intraosseous catheter is contraindi-

taken to always maintain a grip on the wire, as oth-

cated if there is skin disease at the insertion site or if 

erwise it could potentially advance entirely into the 

the bone is fractured. 

patient requiring surgical retrieval. 

g)  The intraosseous catheter should be removed once 

d)  A  dilator  catheter  is  advanced  over  the  wire  and 

peripheral venous access is obtained. 

gently into the vessel. The purpose of this catheter is 

H) For patients with very poor or no perfusion (i.e., cardio-

to  enlarge  the  venotomy  site  to  accommodate  the 

pulmonary arrest), a vascular cut- down procedure may 

larger central catheter that will be placed. The dila-

facilitate rapid access to the jugular, cephalic, or saphe-

tor is then backed out over the wire and set aside. 

nous veins. 

There may be some minor bleeding from the inser-

a)  To  perform  a  cut- down,  the  fur  is  clipped  widely 

tion site once the dilator is removed, which can be 

over  the  desired  insertion  site  and  the  skin  is 

controlled with sterile sponges. 

prepped aseptically. 

e)  The central catheter is then advanced over the wire 

b)  Using sterile technique and a surgical scalpel blade, 

and  inserted  to  the  desired  length.  The  wire  is 

a 2–3- cm incision is made into the skin adjacent and 

removed and the catheter is capped with injection 

parallel to the vessel. 

ports. Blood should be drawn from each injection 

c)  Curved mosquito or Kelly forceps are used to bluntly 

port  to  remove  air  from  each  catheter  lumen 

dissect through the subcutaneous tissue adjacent to 
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the vessel. The vessel is identified and the tips of the 

authors  recognize  that  in  critically  ill  or  unstable 

forceps are placed under the vessel to elevate and 

patients, these recommendations may be unrealis-

isolate it from the surrounding tissue. 

tic, as adherence to these guidelines may result in 

d)  A  through- the- needle  catheter  is  then  advanced 

the delay of life- saving therapeutic interventions. In 

into  the  vessel  and,  once  inserted,  is  sutured  into 

these  cases,  blood  pressure  measurement  should 

place. The skin wound is bandaged. 

not be postponed to allow for acclimation. 

e)  Once the patient is stabilized and venous access can 

B)  Restraint

be  achieved  via  an  alternative  vessel,  the  catheter 

a)  Restraint should be kept to a minimum if possible. 

placed via cut- down is removed and the skin wound 

If the cat becomes agitated, pause and allow the cat 

is closed. 

to settle as opposed to using stronger restraint. 

b)  Allow the cat to settle into a comfortable position, 

ideally in ventral or lateral recumbency, and main-

40.4   Indirect Blood Pressure

tain that position throughout the procedure. Patient 

movement during blood pressure acquisition should 

Blood  pressure  measurement  is  essential  in  emergency 

be avoided. 

medicine  for  the  monitoring  of  sick  and  critically  ill 

C)  Cuff selection and position

patients.  The  gold  standard  for  blood  pressure  measure-

a)  Select the cuff with a width that is 30–40% the cir-

ment  is  direct  blood  pressure  using  an  arterial  catheter 

cumference of the chosen extremity. 

(described in the following text); however, this can be tech-

b)  The extremity may be chosen according to patient 

nically  challenging  and  is  impractical  in  conscious  cats. 

conformation and tolerance, keeping in mind that 

Blood  pressure  measurement  in  veterinary  medicine  is 

differences  likely  exist  between  sites  and  the 

most commonly done using indirect means with Doppler 

same  extremity  should  be  used  to  trend  future 

sphygmomanometry and oscillometric methods. Doppler 

measurements. 

sphygmomanometry  is  used  frequently  in  cats  and  has 

c)  The cuff should be in the same plane as the heart to 

demonstrated  good  correlation  and  accuracy;  the  value 

minimize erroneous readings. 

obtained  is  typically  regarded  as  the  systolic  pressure. 

D)  Blood pressure acquisition

Traditional oscillometry has been shown to be less accurate 

a)  The 2017 ACVIM guidelines for the identification, 

than  the  Doppler  method  in  conscious  cats  and  thus  if 

evaluation, and management of systemic hyperten-

oscillometry is the practitioner’s method of choice, high- 

sion  in  dogs  and  cats  recommend  averaging  5–7 

definition  oscillometry  is  recommended.  High- definition 

consecutive measurements after discarding the first 

oscillometry is appealing, as it is reported by the manufac-

measurement. If blood pressure continues to trend 

turer to be sensitive at low amplitudes, has better recogni-

downward during measurement, it is recommended 

tion at higher heart rates, and has the capability to measure 

that measurements continue until they plateau. 

very low pressures; however, neither Doppler sphygmoma-

i)  These  standards  may  be  most  relevant  in  alert 

nometry  nor  high- definition  oscillometry  has  been  vali-

cats, whereas hypotensive and/or mentally inap-

dated  according  to  the  American  College  of  Veterinary 

propriate cats may not require more than a few 

Internal  Medicine  (ACVIM)  2007  criteria.  The  standard 

readings if they are similar. 

protocol for measuring blood pressure indirectly in cats is 

E)  Doppler technique

outlined in the following text. Results should be interpreted 

a)  Contact between the crystal probe and the skin can 

with caution, as noninvasive blood pressure measurements 

be accomplished by applying alcohol to the fur over 

may vary considerably with operator experience, based on 

the artery of choice (typically the palmar branch of 

patient  characteristics,  and  between  anatomic  sites.  The 

the radial artery on the palmar aspect of the fore-

technique is outlined in the following text. 

paw, or the coccygeal artery at the base of the tail). 

Ample ultrasound gel should be applied to the probe 

A)  Environment

prior to placement over they artery. Shaving the hair 

a)  Ideally, cats should be in a calm, quiet environment, 

over the artery may facilitate contact and improve 

away from other animals for blood pressure acquisi-

signal, but it is often not necessary. 

tion, as significant increases in blood pressure may 

b)  The  operator  may  use  headphones  over  the 

result from stressful situations. 

machine’s  speaker,  or  the  volume  can  be  turned 

b)  Additionally,  cats  should  be  given  a  5–10- minute 

down, as the machine may make loud noises, espe-

acclimation  period  and  blood  pressure  should  be 

cially  when  the  probe  position  is  adjusted,  which 

measured  before  other  procedures  are  done.  The 

may result in patient stress. 
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c)  The cuff should be positioned across the extremity 

D)  Insert the catheter at a 45° angle to the skin just distal to 

of choice proximal to the probe. The probe should 

where the pulse is palpated. As the catheter is advanced, 

be adjusted using gentle pressure and slight move-

it is helpful to continue to palpate the pulse for guidance. 

ments until pulsatile blood flow is detected. 

E)  As soon as blood is present in the stylet, advance the 

d)  The  cuff  should  be  inflated  to  approximately 

catheter from the needle into the vessel, leaving the sty-

20–40 mmHg  greater  than  the  point  at  which  the 

let in place until the catheter has completely fed into 

audible pulse sound is abolished. The cuff should 

the artery. 

then be deflated at a rate of approximately 2 mmHg 

F)  Remove the stylet and quickly attach a T- port or injec-

per second. The blood pressure measurement is the 

tion cap to the catheter. Arterial blood will be bright red 

point at which the audible pulse sound returns. The 

and pulsatile. Secure the catheter in place with tape. 

cuff pressure should be allowed to return to 0 mmHg 

G)  Attach noncompliant tubing either directly to the cath-

in between measurements. 

eter or attach a three- way stopcock to the catheter and 

the noncompliant tubing to the stopcock. The use of a 

stopcock facilitates arterial sampling. 

40.5   Direct Blood Pressure

H) The tubing from the catheter is connected to a pres-

sure  transducer  stationed  in  the  same  plane  as  the 

Direct or invasive blood pressure is extremely helpful in 

patient’s heart. 

the  critically  ill  patient,  particularly  the  hypotensive 

a)  If the transducer is below the heart, the blood pres-

patient that is difficult to resuscitate and requires frequent 

sure will be falsely elevated; conversely, if the trans-

or constant monitoring. Furthermore, it is an ideal form 

ducer  is  above  the  level  of  the  heart,  the  blood 

of monitoring for patients receiving vasopressors. Direct 

pressure will be falsely decreased. 

arterial blood pressure allows a real- time assessment of 

I)  The transducer should then be connected to a pressur-

blood pressure and allows the clinician to trend second 

ized fluid bag (at 300 mmHg) of heparinized saline (1 

to second measurments and make changes to treatment 

unit/ml) to prevent backflow into the tubing; this sys-

protocols accordingly. Aside from its usefulness in deter-

tem will allow for a small amount of heparinized saline 

mining blood pressure, this mode of monitoring may be 

to flow through the catheter to maintain patency. 

helpful  for  other  purposes  as  well;  pulse  wave  analysis 

a)  Although  the  patient  is  only  receiving  a  small 

may be useful in combination with an ECG to evaluate the 

amount of heparin, this may become clinically sig-

clinical significance of an arrhythmia and arterial cathe-

nificant in small patients, such as cats, over time. 

terization provides a conduit for arterial blood sampling. 

J)  The cable from the pressure transducer is attached to a 

Unfortunately,  invasive  blood  pressure  monitoring  is 

monitor where values for systolic, mean, and diastolic 

impractical in most conscious cats, as it is not well toler-

pressures will be displayed. 

ated  and  technically  challenging.  It  may  be  feasible  in 

K)  The transducer must be zeroed before use to atmos-

cats  with  a  decreased  level  of  consciousness  as  well  as 

pheric  pressure  by  turning  the  stopcock  off  to  the 

sedated  or  anesthetized  cats.  Complications  associated 

patient and open to the atmosphere, using the monitor 

with direct blood pressure measurement are hemorrhage 

to zero the device. 

in the case of catheter dislodgement, hematoma forma-

tion, vessel thrombosis, infection, and poor limb/extrem-

ity perfusion which can result in tissue necrosis. Cats are 

40.6   Electrocardiogram

particularly  susceptible  to  this  last  complication  due  to 

the small size of the artery (the catheter often occludes 

In the emergency setting, a screening ECG is indicated in 

the vessel) as well as poor collateral circulation; as such, 

patients with severe trauma, circulatory shock, or severe 

catheters  should  not  remain  in  place  for  longer  than 

cardiac disease. Other common indications for a screening 

6–12 hours. The  technique  for  arterial  catheterization  is 

ECG  include  tachyarrhythmia  or  bradyarrhythmia,  an 

described in the following text. 

irregular heart rhythm, electrolyte abnormalities, and ure-

thral  obstruction.  During  cardiopulmonary  resuscitation, 

A)  Palpate the artery, typically either the pedal or femoral, 

an ECG is warranted to identify ventricular fibrillation and 

intended for catheterization. If the artery cannot be pal-

pulseless ventricular tachycardia, as these rhythms are best 

pated, catheterization is almost always unsuccessful. 

treated with electrical defibrillation. 

B)  Clip and aseptically prepare the site. 

C)  A 22- gauge or 24- gauge over- the- needle catheter may 

A)  Alligator  clips  connected  to  ECG  lead  wires  can  be 

be used in cats for peripheral arterial catheterization. 

placed  rapidly  for  most  patients,  but  are  easily 
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disconnected  and  thus  not  suitable  for  continuous 

often  for  short  procedures  such  as  patient  assess-

monitoring unless the patient is sedated or moribund. 

ments and placement of an IV catheter, for example. 

For  longer  or  continuous  ECG  monitoring,  adhesive 

B)  A potentially more effective method for providing oxy-

electrode buttons or patches should be utilized. 

gen  to  cats  that  cannot  be  sequestered  in  an  oxygen 

B)  Isopropyl alcohol or saline can be used at the site of 

cage (i.e., cats that are undergoing assessment, diagnos-

lead attachment. Alcohol should not be used if there is 

tic or therapeutic procedures) is through a face mask. 

potential for electrical defibrillation, as it may ignite. 

a)  A mask helps the oxygen to direct flow toward the 

C)  For a three- lead ECG, the white lead is placed on the right 

patient’s  airway  and  allows  less  oxygen  to  escape 

front limb, the black lead is placed on the left front limb, 

into the environment. This is most helpful in very 

and the red lead is placed on the left hind limb. If a fourth, 

compliant, mentally depressed, or immobile cats, as 

green lead is present, this is placed on the right hind limb. 

it is often not tolerated in anxious cats. 

D)  For a screening ECG, lead II is most commonly utilized, 

b)  Using a tight- fitting face mask, flow rates of 8–12 l/

although lead I or III could be considered if the com-

min can provide an FiO2 of up to 50–60%. Close mon-

plexes  have  a  higher  amplitude,  as  this  will  facilitate 

itoring of the patient for increases in CO2 and tem-

analysis. The patient should be positioned in right lat-

perature  is  recommended  with  this  method.  With 

eral recumbency if feasible. 

loose masks, a flow rate of 2–5 l/min is recommended. 

E)  To evaluate the ECG, first determine the heart rate and 

In a study of two healthy, sedated dogs, oxygen deliv-

then  analyze  the  rhythm,  noting  abnormal  waveform 

ered  at  3 l/min  was  significantly  more  effective  at 

morphology  or  absent  or  premature  waveform  com-

increasing the PaO2 when delivered through a face 

plexes.  For  patients  with  a  persistent  dysrhythmia 

mask compared to the flow- by technique. 

thought to be due to cardiac disease, referral to a cardiolo-

C)  An  oxygen  collar/tent  constructed  with  plastic  wrap 

gist for a diagnostic, six- lead ECG should be considered. 

and an inflexible Elizabethan collar is another method 

of providing supplemental oxygen. With this method it 

is possible to achieve up to 80% oxygen depending on 

40.7   Oxygen Supplementation

the fit of the collar, the flow rate, the patient size, and 

the minute ventilation. This method is generally well- 

Supplemental oxygen should be provided to all cats with 

tolerated  and  allows  access  to  the  patient’s  body.  An 

respiratory signs, particularly in cases of confirmed hypox-

oxygen concentration of 40% was achieved at the bifur-

emia or during times of stress, as respiratory decompensa-

cation of the trachea with a flow rate of 1 l/minute in 

tion  in  the  emergency  setting  is  common.  As  cats  have 

normal,  healthy,  anesthetized  dogs.  The  procedure  is 

smaller  nares  than  dogs,  modes  of  oxygen  supplementa-

outlined in the following text. 

tion are limited in this species. The most common means 

a)  The Elizabethan collar is placed on the patient and 

for increasing the fraction of inspired oxygen (FiO2) in con-

the top portion (forward- facing edge) is covered in 

scious cats is by providing flow- by oxygen, an oxygen mask, 

plastic wrap with a small hole to allow for the escape 

an oxygen collar/tent, or by placing the cat in an oxygen 

of carbon dioxide. 

cage.  Unfortunately,  objective  information  regarding  the 

b)  Oxygen  tubing  is  fed  through  the  collar  from  the 

efficacy of flow- by and face- mask oxygen supplementation 

caudal aspect (the portion around the neck of the 

in  veterinary  medicine  is  extremely  limited,  and  to  the 

cat) and secured to the collar with tape at the ventral 

authors’  knowledge,  no  studies  have  been  published  in 

aspect of the neck. 

cats. Nonetheless, oxygen supplementation is viewed as an 

c)  Oxygen is insufflated at a high rate initially to fill the 

essential therapy and is commonly practiced. 

tent and then can be decreased depending on the 

patient’s needs. 

A)  Flow- by oxygen is provided by holding the end of oxy-

D)  Oxygen cages are the most effective means for the deliv-

gen  tubing  that  is  connected  to  an  oxygen  source,  in 

ery of a set FiO2 in a controlled environment. Commercial 

close proximity (within 2 cm) to the patient’s nose. 

systems are available that allow the operator to control 

a)  This is thought to provide around 25–40% FiO2. In a 

the FiO2, temperature, and humidity. Additionally, they 

study of medium to large, anesthetized dogs, mean 

are  ventilated  to  allow  for  the  scavenging  of  CO2. 

FiO2  at  the  tracheal  bifurcation  with  this  method 

Unfortunately, accessing the patient for frequent assess-

was 37.2% when administered at a flow rate of 2 l/

ment and monitoring is challenging with this method, 

min approximately 2 cm from the nares. 

and each time the door is opened, the inside of the cage 

b)  This method is typically well- tolerated though, but 

equilibrates with room air and can take several minutes 

it is not intended for long- term use. It is used most 

to reach the desired FiO2 again, once closed. 
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40.8   Abdominal and Thoracic FAST

d)  Cysto- colic  (CC):  caudal  midline  over  the  urinary 

bladder. 

Point- of- care ultrasound utilizing the abdominal and tho-

e)  Severely  dehydrated  or  hypovolemic  patients  with 

racic  FAST  (focused  assessment  with  sonography  for 

a small volume of abdominal effusion may develop 

trauma) scan techniques can be performed rapidly in most 

a  larger  volume  of  effusion  after  receiving  IV 

patients. Indications for abdominal FAST include circula-

fluids which could facilitate sampling for diagnostic 

tory shock, trauma, abdominal pain, and fever of unknown 

evaluation. 

origin. Thoracic FAST is warranted in patients with circu-

B)  To perform a thoracic FAST (TFAST) scan, the probe is 

latory shock, trauma, and respiratory distress. 

placed bilaterally in the following locations (Figure 40.2). 

a)  Chest  tube  site  (CTS):  dorsally  at  the  seventh  to 

A)  To  perform  an  abdominal  FAST  (AFAST)  scan,  four 

ninth intercostal space where a chest tube would be 

abdominal quadrants are imaged with the probe held in 

placed. The probe is held stationary, perpendicular 

both  transverse  and  longitudinal  positions.  AFAST  is 

to the long axis of the rib. 

used to identify free peritoneal fluid which might then 

i)  At the CTS, evaluate for the glide sign, which is 

be sampled for diagnostic purposes (Figure 40.1). 

the normal back and forth motion of the visceral 

a)  Diaphragmatico- hepatic  (DH)  view:  the  subxi-

and parietal pleura sliding against one another 

phoid region. 

during the respiratory cycle. Lack of a glide sign 

b)  Hepato- renal (HR): the right flank. 

could suggest the presence of pneumothorax. 

c)  Spleno- renal (SR): the left flank. 

ii)  B- lines,  also  known  as  comet- tail  artifacts  and 

lung rockets, may also be identified at the CTS 

(Figure 40.3). A large number of B- lines indicate 

a fluid–gas interface at the lung periphery, such 

as with pulmonary edema. 

b)  Pericardial site (PCS): intercostal space just caudal 

to the elbow where the apex beat of the heart is pal-

pable through the chest wall. The probe is held in 

both longitudinal and transverse orientation. 

i)  At  the  PCS,  evaluate  for  pericardial  or  pleural 

effusion. 

ii)  From the right side, in transverse view, the ratio 

DH View

of the dimension of the left atrium to the aorta 

(LA:Ao)  can  be  determined  (Figure  40.4).  A 

HR 

SR 

normal  LA:Ao  is  approximately  1.1–1.5:1.  The 

Vie

Vie

w

w

CC View

Figure 40.2  Approximate site of ultrasound probe placement 

for a thoracic FAST scan. The probe is placed bilaterally at the 

Figure 40.1  Longitudinal and transverse ultrasonographic 

chest tube site (CTS), dorsally at the 7th to 9th intercostal space, images may be collected in the diaphragmatico- hepatic (DH), 

with the probe held perpendicular to the long axis of the rib. 

spleno- renal (SR), hepato- renal (HR), and cysto- colic (CC) regions The probe is also placed bilaterally at the pericardial site (PCS), for the identification of peritoneal effusion.  Source: Photo which is located just caudal to or under the elbow where the 

courtesy of Dr. David Holt. 

heartbeat is palpable through the chest wall. 
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occasionally used as a therapeutic procedure when a large 

amount of fluid is present that may be causing or contribut-

ing to clinical signs (e.g., respiratory compromise, poor per-

fusion,  discomfort,  etc.).  Peritoneal  effusions  in  cats  are 

most  commonly  attributable  to  cardiovascular  disease, 

neoplasia, hepatic disease, renal disease, feline infectious 

peritonitis, peritonitis of other origins (e.g., septic), and uri-

nary tract trauma or rupture. Peritoneal effusion may be 

suspected based on physical exam findings (i.e., distended 

abdomen, presence of a fluid wave, etc.) and can be con-

firmed  with  abdominal  radiographs  or  ultrasound.  The 

procedure  can  typically  be  done  using  manual  restraint 

without  sedation.  Several  methods  have  been  described 

such  as  single  paracentesis  using  a  blind  or  ultrasound- 

Figure 40.3  Numerous coalescing B- lines (indicated by the 

guided approach, the four- quadrant technique, and diag-

yellow arrow) are noted on thoracic FAST evaluation of a cat 

nostic  peritoneal  lavage.  The  four- quadrant  technique  is 

with respiratory distress. The B- lines indicate a fluid–gas 

often used when a small amount of fluid is present in the 

interface in the lung parenchyma. In this case, the patient had 

abdomen. Diagnostic peritoneal lavage can be performed 

severe pulmonary edema due to congestive heart failure. 

when fluid is highly suspected (or confirmed with ultra-

sound), but cannot be recovered using other techniques. If 

fluid resuscitation is indicated, diagnostic peritoneal lavage 

may not be needed after this is accomplished. In general, 

complications of abdominocentesis include infection, lac-

eration  of  viscera,  and  hemorrhage.  Following  the  tech-

niques described in the following text will reduce the risk 

of complications. 

Single paracentesis

A)  With the patient in left lateral recumbency, a generous 

area along the ventral midline is clipped and aseptically 

prepared. 

a)  The  cat  is  placed  in  left  lateral  recumbency  to 

decrease the likelihood of splenic puncture; how-

ever, either recumbency may be used, especially if 

an ultrasound is available to confirm the presence of 

effusion and absence of viscera in a specific region. 

Figure 40.4  Evaluation of the dimension of the left atrium 

B)  In  cats,  a  22-  or  25- gauge  needle  is  most  frequently 

(indicated by the red arrow) as compared to the aorta (indicated 

by the yellow arrow), via thoracic FAST scan, in a patient with 

used.  For  blind  single  paracentesis,  the  needle  is 

congestive heart failure. The probe is held in transverse 

inserted midline to avoid falciform fat, just caudal to 

orientation at the right pericardial site. In this case, the LA:Ao 

the edges of the liver (cranial to the umbilicus). If an 

was approximately 2.2:1 (normal range 1.1–1.5:1). 

ultrasound  is  available,  locating  the  largest  pocket  of 

fluid and aspirating in that location are recommended, 

finding of an increased LA:Ao is both sensitive 

taking care to avoid viscera that may be nearby. 

and specific for the diagnosis of congestive heart 

a)  If there is less than 5–6 ml/kg of fluid in the abdomi-

failure in cats presenting for respiratory distress. 

nal cavity, blind paracentesis may be unsuccessful. 

C)  An open-  or closed- needle technique can be used. 

a)  For an open- needle technique, the needle is inserted 

40.9   Abdominocentesis

without a syringe attached and fluid is allowed to 

collect in the hub and drip into a tube for collection. 

Abdominocentesis,  or  abdominal  paracentesis,  is  the 

i)  This technique is employed to prevent clogging 

retrieval  of  fluid  from  the  peritoneal  cavity.  This  is 

of the needle with omentum or mesentery dur-

most  commonly  done  for  diagnostic  purposes,  but  is 

ing aspiration. 
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ii)  This  may  allow  air  to  enter  into  the  peritoneal 

thoracic radiography or ultrasonography, but is often sus-

space making abdominal imaging difficult to inter-

pected  on  physical  exam.  Thoracocentesis  may  be  done 

pret (rupture of hollow viscus versus iatrogenic). 

based on physical exam findings and without confirmation 

b)  For a closed- needle technique, a syringe is attached 

of  the  suspected  diagnosis  if  the  patient  is  unstable  and 

to the needle to obtain enough fluid for diagnostic 

requires immediate life- saving measures. Pleural effusion 

purposes. 

may  be  classified  as  an  exudate,  modified  transudate,  or 

i)  Therapeutic  abdominocentesis  can  be  accom-

transudate. A recent retrospective study evaluating causes 

plished  using  the  closed- needle  technique  by 

of pleural effusion in 380 cats found that congestive heart 

attaching the needle to extension tubing, a three- 

failure was the most common cause (41%) followed by neo-

way stopcock, and a syringe for repeated aspira-

plasia  (26%).  Other  common  causes  included  pyothorax, 

tion and drainage. An over- the- needle catheter is 

idiopathic chylothorax, trauma, feline infectious peritoni-

preferred for this procedure, however, as the sty-

tis,  and  nontraumatic  diaphragmatic  hernia.  Indications 

let  can  be  removed  and  the  catheter  can  sit 

for thoracocentesis include the presence of fluid for undi-

within the peritoneal cavity for extended periods 

agnosed pleural space disease as well as respiratory com-

of time during drainage, minimizing the risk for 

promise  caused  by  or  exacerbated  by  the  presence  of 

visceral laceration. 

significant  fluid  or  air.  Complications  of  thoracocentesis 

c)  Fluid should be collected for cytologic evaluation, 

are uncommon, but include pneumothorax, hemorrhage, 

biochemical analysis, and culture. 

and re- expansion pulmonary edema. Caution is warranted 

i)  If  the  fluid  appears  hemorrhagic,  it  should  be 

with severe coagulopathy, as this may be a potential con-

observed for clotting, as effusion should not clot. 

traindication,  although  studies  in  people  have  failed  to 

If clotting is observed, it is likely that the spleen 

show an increased incidence of hemorrhage due to thora-

was penetrated or a vessel was lacerated. 

cocentesis  in  coagulopathic  patients.  The  technique  is 

Four- quadrant technique

described in the following text. 

A)  The cat is placed in left lateral recumbency and the ven-

A)  Patients  with  increased  respiratory  effort  should  be 

tral abdomen is clipped and aseptically prepared. 

administered oxygen prior to handling and restraint if 

B)  The abdomen is divided into four quadrants, with each 

possible  and  continued  throughout  the  procedure. 

being to the right and left side both cranial and caudal 

Supplies should be readily available for intubation if the 

to the umbilicus. 

patient deteriorates. Noncompliant patients may require 

C)  The  open- needle  technique  is  used  and  a  22-  or  25- 

sedation. 

gauge needle is inserted into each quadrant. 

a)  Three people are recommended for this procedure— 

one  person  to  restrain  the  patient,  one  person  to 

Diagnostic peritoneal lavage

handle the needle, and one person to aspirate the 

syringe. 

A)  With the patient in left lateral recumbency, a generous 

B)  Thoracocentesis can be done in any recumbency and 

area along the ventral midline is clipped and aseptically 

may be dependent on which position is most comfort-

prepared. 

able  for  the  patient.  Typically,  sternal  recumbency  is 

B)  A 22- gauge over- the- needle catheter is inserted at the 

preferred to allow for restraint (as cats can be difficult 

right cranial quadrant into the peritoneal cavity. 

to restrain while standing) and bilateral chest and lung 

C)  The stylet is removed. If no fluid is noted in the hub, 

expansion. The  region  of  the  planned  centesis  site  is 

20 ml/kg of warm, sterile saline is instilled. 

clipped and aseptically prepared. The person handling 

D)  The abdomen is agitated for a few minutes. 

the needle should wear sterile gloves. 

E)  After several minutes, fluid aspiration is attempted. It 

C)  The appropriate site for aspiration should be based on 

should  be  noted  that  biochemical  analytes  and  cell 

auscultation,  patient  positioning,  and  the  suspected 

counts will be affected due to dilution. 

disease process. 

a)  If point- of- care ultrasound is available, this can con-

firm the best location for needle insertion based on 

40.10   Thoracocentesis

the volume/depth of fluid present at various locations. 

b)  For  blind  thoracocentesis,  the  needle  should  be 

Thoracocentesis  is  the  removal  of  fluid  or  air  from  the 

inserted within the seventh to ninth intercostal spaces. 

pleural space. It is an invaluable diagnostic and therapeutic 

i)  For blind fluid aspiration, the needle is inserted 

tool. Diagnosis of pleural effusion may be confirmed using 

into the ventral one third of the chest. 
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1)  Care  should  be  taken  to  avoid  the  internal 

and echocardiography are critical for diagnosis. Point- of- 

thoracic arteries which course on either side 

care ultrasound may be the most rapid method for  diagnosis 

of the sternebrae. 

of pericardial effusion, if available. Although uncommon, 

ii)  For  pneumothorax,  the  needle  is  inserted  into 

if cardiac tamponade is present, pericardiocentesis is indi-

the dorsal one third of the chest. 

cated. Complications include arrhythmias, pneumothorax, 

D)  A  21- gauge  butterfly  needle  is  most  commonly  used; 

coronary vessel laceration, or dissemination of neoplastic 

however, for viscous effusions, a larger- bore needle or 

cells. The technique is described in the following text. 

catheter may be needed. For obese cats, a longer needle 

may be needed to enter the pleural space. 

A)  Most patients require at least mild sedation if menta-

E)  The needle is inserted through the skin either in the 

tion  is  not  significantly  altered  by  a  shock  state.  An 

middle of the intercostal space or at the cranial aspect 

ECG  is  placed  for  monitoring  during  the  procedure. 

of the rib, to avoid the vessels and nerves that course 

With  the  patient  in  either  sternal  recumbency  or  left 

along the caudal aspect of the ribs. 

lateral recumbency, a region extending from the ster-

F)  The  needle  is  advanced  until  the  pleural  space  is 

num to just dorsal to the costochondral junction on the 

entered,  or  fluid  or  air  is  aspirated.  The  needle  is 

right hemithorax at the level of the heart (third to sev-

directed parallel to the chest wall with the bevel facing 

enth intercostal space) is clipped and aseptically pre-

medially, away from the chest wall. 

pared. Sterile gloves are then donned. 

a)  Fluid should be saved for analysis. 

a)  Accessing the pericardial space from the right side is 

b)  If lung is felt as a scratching sensation against the 

typically recommended as a cardiac notch exists in 

needle tip, the needle should be retracted slightly to 

the lungs, minimizing the risk of pulmonary injury. 

avoid lung laceration. 

Additionally, the coronary vasculature is less acces-

c)  If frank blood is unexpectedly encountered, the nee-

sible from the right side. However, there is more risk 

dle  should  be  removed  and  the  procedure  can  be 

for inadvertent cardiac puncture, as the right ven-

attempted at an alternate location. 

tricular wall is less thick compared to the left. Point- 

i)  Blood drained from the pleural space in the case 

of- care  ultrasound  may  also  be  used  to  determine 

of  hemothorax  should  not  clot.  This  can  be 

ideal location. 

assessed by filling a red top tube and observing for 

b)  If patient status and time allow, coagulation param-

clotting. 

eters may be assessed prior to the procedure. 

G)  Fluid  or  air  is  aspirated  until  negative  pressure  is 

B)  An 18- or 20- gauge over- the- needle catheter or a 19- or 

attained. If negative pressure cannot be attained, such 

21- gauge butterfly needle can be used for penetration of 

as  in  the  case  of  continuous  pneumothorax,  a  chest 

the pericardial sac. A three- way stopcock connected to 

tube(s) should be placed and the patient should be con-

a syringe can be attached directly to the butterfly needle 

nected to a device that provides continuous suction. 

or can be connected to extension tubing and attached to 

the catheter once the needle has been removed and the 

catheter is in the pericardial space. 

40.11   Pericardiocentesis

a)  A receptacle for fluid, as well as blood tubes for cyto-

logic evaluation, should be available. 

Pericardiocentesis is the aspiration of fluid from the peri-

b)  A 0.5 mg/kg dose of 2% lidocaine should be drawn 

cardial space. Pericardiocentesis is performed in cases of 

up and available for administration should the ECG 

pericardial effusion and cardiac tamponade. When severe 

indicate ventricular tachycardia. 

enough,  pericardial  effusion  can  impinge  on  right  heart 

C)  The precordial impulse is palpated to indicate the level 

filling and result in decreased venous return and poor car-

at which the needle should be inserted. Alternatively, 

diac  output.  Pericardial  effusion  is  less  common  in  cats 

point- of- care  ultrasound  can  be  used  to  confirm  the 

than in dogs and cardiac tamponade is rare. The most com-

correct location. 

mon cause of pericardial effusion in cats is congestive heart 

D)  The  needle  is  inserted  through  the  skin  and  directed 

failure; however, the volume is typically small and rarely 

toward the patient’s opposite shoulder. If the butterfly 

necessitates pericardiocentesis. Other causes of pericardial 

needle is used and the syringe and three- way stopcock 

effusion in cats include neoplasia, feline infectious perito-

are  already  attached,  the  assistant  can  apply  a  small 

nitis,  pericardioperitoneal  diaphragmatic  hernia,  coagu-

amount of negative pressure to the syringe to verify the 

lopathy,  idiopathic,  hypoalbuminemia,  and  systemic 

presence  of  fluid.  Pleural  effusion  may  be  aspirated 

inflammation. Pericardial effusion may be suspected based 

prior to the acquisition of pericardial fluid. If an over- 

on physical exam findings; however, thoracic radiographs 

the- needle catheter is used, the stylet is removed once 
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in the pericardial space. This can be more difficult to 

is attached to a 3- or 5- ml syringe for sampling. In the 

confirm in cats than in dogs, as the pericardial effusion 

case  of  therapeutic/decompressive  cystocentesis  per-

may  be  more  likely  to  resemble  pleural  fluid  (if  pre-

formed for urethral obstruction, the needle is attached to 

sent), as compared to dogs in which pericardial effu-

extension  tubing,  a  three- way  stopcock,  and  a  larger 

sions  are  most  commonly  hemorrhagic.  Once  the 

syringe (typically 20 ml) with a receptacle available. 

catheter is thought to be within the pericardial space, 

C)  The needle is inserted through the body wall at a 45° 

the extension tubing is attached, samples are saved for 

angle and urine is aspirated. Care should be made once 

analysis, and as much fluid as possible is drained. 

the needle is in the bladder to not advance the needle 

a)  If the heart is contacted, a scratching or beating sen-

through the opposite wall of the bladder. For decom-

sation may be felt and arrhythmias may manifest on 

pressive  cystocentesis,  the  three- way  stopcock  is  ini-

the ECG. 

tially turned off to the environment as urine is aspirated 

i)  If this occurs, retract the needle slightly to avoid 

and then off to the patient as urine is discarded. This is 

contact with the heart. 

repeated until the bladder is emptied. 

b)  The presence or absence of pericardial effusion can 

a)  If the cat becomes agitated or begins to move, the 

be  reassessed  after  the  procedure  to  evaluate  for 

needle should be removed immediately to avoid lac-

success. 

eration of intrabdominal contents. 

i)  If the pericardium was punctured but minimal or 

D)  When the procedure is complete, cessation of negative 

no fluid was aspirated, fluid may drain into the 

pressure  on  the  syringe  should  occur  and  the  needle 

pleural  space  and  reassessment  for  pericardial 

should be removed in a swift motion in the same plane 

effusion  should  take  place  after  a  few  minutes 

as it was seated in the bladder. 

have passed. 

40.13   Urinary Catheter Placement

40.12   Cystocentesis

Urinary  catheters  in  cats  are  most  commonly  used  to 

decompress  the  bladder  in  cases  of  urethral  obstruction. 

Cystocentesis is the acquisition of urine from the urinary 

They can however be used for other purposes as well such 

bladder. It is most frequently performed to obtain a sample 

as to quantify urine output (particularly in cases of oliguric 

of urine for analysis and microbial culture; however, it may 

renal  failure),  to  instill  contrast  medium,  or  to  obtain  a also be used to decompress the urinary bladder in cases of 

sample of urine (though this may be impractical in cats, as 

urethral obstruction. Though adverse events are rare, risks 

it requires sedation). For obstructive feline lower urinary 

of cystocentesis may be serious and include hemorrhage, 

tract disease, placement of an indwelling urinary catheter 

in the case of inadvertent vascular puncture or laceration, 

is recommended over one- time catheterization and outpa-

urine leakage into the peritoneal cavity, hematoma forma-

tient  management.  Complications  of  urinary  catheter 

tion  within  the  bladder,  or  infection. The  techniques  for 

placement include infection, particularly with indwelling 

diagnostic cystocentesis as well as decompressive cystocen-

catheters, urethral or bladder trauma, or inability to remove 

tesis are outlined in the following text. 

the catheter if it folds back on itself or ties in a knot. The 

A)  With the patient in lateral recumbency, the bladder is 

technique is described in the following text. 

palpated and immobilized either by trapping it against 

A)  Male cat

the pelvic brim or isolating the neck of the bladder with 

a)  Sedation or anesthesia is needed for urinary cathe-

one  hand.  If  an  ultrasound  is  available,  the  bladder 

ter placement in cats unless the cat is severely men-

location  can  be  confirmed.  Dorsal  recumbency  may 

tally  depressed.  Administration  of  analgesic 

also  be  used;  however,  this  may  increase  the  risk  of 

medication is indicated. 

inadvertent great vessel laceration. 

b)  The patient is placed in dorsal recumbency and the 

a)  For patient safety, the bladder should contain suffi-

genital region is clipped and cleaned of gross debris. 

cient urine and be readily palpable. 

i)  The  approximate  distance  from  the  neck  of  the 

b)  Sedation is rarely needed; however, if the patient is 

bladder  to  the  prepuce  should  be  measured  to 

fractious or noncompliant and urine acquisition is 

provide an estimate of the length of the urinary 

strongly indicated, sedation can be considered. 

catheter that will need to be inserted. 

B)  A 22- gauge needle that is 1 or 1.5 in. in length is used; in 

c)  The prepuce is grasped and flushed with dilute chlo-

the authors’ experience, a 1- in. needle is often sufficient 

rhexidine  solution  several  times  and  then  pushed 

in cats. In the case of diagnostic cystocentesis, the needle 

toward the patient’s body to extrude the penis. 
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d)  While wearing sterile gloves, a 3.5- or 5- French uri-

typically  terminates  around  S1  in  cats,  a  coccygeal  epi-

nary catheter is lubricated with sterile lubricant and 

dural is unlikely to injure the spinal cord or perforate the 

advanced through the urethral opening and into the 

subarachnoid  space.  Few  contraindications  exist  but 

bladder, keeping the catheter parallel with the cat’s 

include  pyoderma  or  anatomic  abnormalities  making 

vertebral column. 

landmark  identification  difficult.  If  the  epidural  is  suc-

i)  The catheter should be sterile and remain as ster-

cessful,  less  sedation  may  be  needed  during  catheter 

ile  as  possible  throughout  placement;  it  should 

placement  and  pain  medication  requirements  may 

not touch surrounding structures in an effort to 

decrease  during  hospitalization.  The  technique  for  the 

avoid contamination. 

coccygeal epidural is outlined in the following text. 

e)  Once  the  urinary  catheter  is  seated  in  the  distal 

urethra, the penis can be allowed to retract while 

A)  Preservative- free  morphine  sulfate  0.05%  (0.1 mg/kg) 

the prepuce continues to be grasped. 

and bupivacaine 0.5% (0.22 mg/kg) are sterilely added 

i)  If resistance is met, a sterile syringe with saline 

to  a  syringe.  Sterile  saline  is  added  to  aid  in  cranial 

can  be  attached  to  the  end  of  the  catheter  for 

extension of the epidural (0.2–0.4 ml). The syringe con-

hydropulsion. 

taining these drugs is kept sterile. 

f)  Once  the  catheter  is  in  place,  the  bladder  can  be 

a)  The  total  epidural  volume  should  not  exceed 

emptied, and the catheter can be secured in place 

0.2 ml/kg. 

and  attached  to  a  closed  collection  system  if  it  is 

B)  With  the  cat  well- aligned  in  sternal  recumbency  and 

intended to be indwelling. 

the  hind  legs  pulled  forward,  the  space  between  the 

g)  An  Elizabethan  collar  is  required  to  prevent  the 

sacrum  and  first  coccygeal  vertebra  is  palpated. 

patient from chewing or dislodging the catheter. 

Alternatively,  the  space  between  the  first  and  second 

B)  Female cat

coccygeal vertebrae can be used. 

a)  The procedure in the female cat is much the same as 

a)  The  coccygeal  vertebrae  are  mobile,  unlike  the 

the male cat; however, the initial insertion is typi-

sacrum  which  is  immobile.  Therefore,  the  space 

cally done blindly. 

between the last immobile vertebra and first mobile 

b)  The patient can be placed in dorsal or sternal recum-

vertebra can be used, or one vertebral space caudal 

bency.  The  vulva  and  vestibule  are  cleansed  and 

can be used. The sacrococcygeal space can be identi-

flushed repeatedly with dilute chlorhexidine. 

fied by lifting the tail while palpating this space. 

c)  The catheter is passed blindly along the midline of 

C)  A 4 × 4 cm2 area of hair is clipped over the sacrococcy-

the  ventral  vestibule  through  the  opening  of  ure-

geal region and aseptically prepared. 

thral papilla; if resistance is met, it is likely that the 

D)  Sterile gloves are donned and the index finger on the 

cervix has been encountered, in which case, back-

nondominant hand palpates the space while an assis-

ing  the  catheter  out  and  redirecting  it  ventrally 

tant  moves  the  tail  to  aid  in  the  confirmation  of  the 

would be indicated. 

intended needle insertion site. 

i)  If the blind method is unsuccessful, a small oto-

E)  A 25- gauge, 1- or 1.5- in. needle is used to penetrate the 

scopic speculum can be employed to visualize the 

skin on midline with the dominant hand and is then 

urethral papilla. 

advanced at a 30°–45° angle through the ligamentum 

flavum. A syringe can be attached prior to skin penetra-

tion or later in the procedure (see step 6). 

40.14   Coccygeal Epidural

a)  The nondominant index finger can remain in place 

to serve as a guide while the needle is inserted. 

The use of the coccygeal epidural has been employed in 

b)  A characteristic “pop” may be felt once the ligamen-

the  emergency  setting  to  provide  analgesia  to  cats  with 

tum flavum is penetrated. 

urethral obstruction. If successful, the epidural blocks the 

F)  Little resistance should be felt as the needle is advanced 

perineum, penis, urethra, colon, and anus with the main-

through the epidural space. 

tenance  of  hind- limb  motor  function.  Bupivacaine  epi-

a)  If the needle meets bone and is deemed to be super-

durals  have  a  rapid  onset  of  action  and  can  provide 

ficial  to  the  epidural  space,  it  should  be  angled 

analgesia for up to 4 hours; morphine epidurals may pro-

slightly cranially or caudally and walked off the bone. 

vide  analgesia  for  up  to  24 hours.  Aside  from  providing 

b)  The needle should feel more securely seated once it 

pain relief for a number of hours, the coccygeal epidural 

is in the epidural space. 

may also aid in the placement of a urinary catheter, espe-

G)  Once in the epidural space, a syringe is attached (if not 

cially  when  urethral  spasms  occur.  As  the  spinal  cord 

already attached) and gently aspirated to assess for the 
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presence of blood. If no blood is seen, the infusion of 

but can include cellulitis or abscessation at the admin-

the anesthetic cocktail can proceed, slowly. 

istration  site,  and  volume  overload  in  patients  with 

a)  During injection, minimal resistance should be felt. 

severe cardiovascular disease. 

b)  If  blood  is  aspirated  into  the  syringe,  the  needle 

should be removed and another attempt with a ster-

ile needle can be made. 

40.16   Nasogastric Tube Placement

H) Once  the  infusion  is  complete,  the  needle  with  the 

syringe attached can be removed. 

Nasogastic  tubes  are  often  used  for  delivery  of  enteral 

a)  To assess for success, the anus can be observed for 

nutrition  in  hospitalized  patients  that  are  unwilling  or 

relaxation  or  the  peri- anal  region  or  tail  can  be 

unable  to  eat  or  in  those  that  are  not  meeting  resting 

pinched  which  should  not  provoke  a  response.  If 

energy  requirements.  Although  they  are  a  conduit  for 

successful, this should occur within 5 minutes. 

nutritional supplementation, they may also be used in the 

b)  A second attempt can be made if the procedure is 

emergency setting for gastric decompression. Patients that 

deemed unsuccessful after 5–10 minutes; additional 

are  suffering  from  ileus  and  have  fluid- distended  stom-

attempts are not recommended. 

achs may benefit from nasogastric tube placement in order 

to  evacuate  the  stomach,  improve  patient  comfort,  and 

discourage  regurgitation  or  vomiting.  Nasogastric  tube 

40.15   Subcutaneous 

placement  can  be  done  using  local  anesthetics  or  light 

Fluid Administration

sedation, typically. Complications may include epistaxis, 

rhinitis, sinusitis, inadvertent placement or dislodgement 

Subcutaneous  fluid  administration  can  be  considered  in 

of the tube in the airway (rarely causing bronchial perfora-

patients  that  are  mildly  to  moderately  dehydrated  as  an 

tion  and  pneumothorax),  esophagitis,  gastroesophageal 

alternative to rehydration with intravenous fluids. The sub-

reflux, and obstruction of the tube. 

cutaneous route is not recommended for patients with evi-

dence of hypoperfusion or circulatory shock (pale mucous 

A)  A few drops of 2% lidocaine or 0.5% proparacaine can 

membranes, prolonged capillary refill time, tachycardia or 

be  instilled  into  the  nostril  several  minutes  prior  to 

bradycardia, dull mentation, poor pulse quality, etc.); intra-

placement. Care must be taken not to administer these 

venous  fluid  therapy  is  suggested  in  these  patients. 

local anesthetics in excess. 

Contraindications  to  subcutaneous  fluid  administration 

B)  The nasogastric tube should be measured from the last 

include  coagulopathy  and  pyoderma  or  other  cutaneous 

rib to the tip of the nostril following the natural curva-

lesions at the needle insertion site. Dextrose should not be 

ture of the neck. The tube can be marked at this spot 

administered subcutaneously. 

using a marker. 

a)  For most cats, a 5- French nasogastric tube is appro-

A)  Isotonic crystalloid solutions are typically utilized for 

priate. In kittens, a 3.5- French tube may be needed. 

subcutaneous  administration,  with  a  dose  range  of 

The smaller the lumen of the tube, the less likely it 

10–20 ml/kg. 

will be useful for fluid removal. 

B)  Most commonly, fluid is administered subcutaneously 

C)  Recently,  a  novel  technique  has  been  described  for 

between  the  shoulder  blades.  Prior  to  insertion,  the 

placement, where the operator makes a second meas-

fluid administration line should be primed to remove 

urement with the distal end point at the level of the tho-

air. The skin is gently lifted and an 18–20- gauge needle 

racic inlet and places a second mark on the tube. This 

attached to a fluid administration set is inserted under 

marks  the  point  at  which  negative  pressure  will  be 

the skin at a 45° angle. Alternatively, small fluid vol-

checked (presumably with the tube in the esophagus) 

umes can be drawn into a syringe and administered via 

before full advancement. 

an 18–22- gauge butterfly catheter. 

a)  This checkpoint is intended to minimize the risk of 

C)  Fluid  is  administered  either  via  gravity  drip  or  by 

bronchopulmonary trauma should the tube be inad-

squeezing the fluid bag. If the skin becomes taut prior 

vertently placed down the trachea. 

to administration of the desired volume, the needle is 

D)  If a stylet is present, the tube should be flushed with a 

withdrawn and then repositioned at a second site along 

small amount of water or saline to facilitate removal of 

the dorsum. 

the stylet. The distal end of the tube should be lubricated. 

D)  Subcutaneous fluid administration is generally well tol-

E)  The cat can be maintained in sternal recumbency with 

erated, but can cause patient discomfort especially with 

the head held in a neutral and comfortable position fac-

large infusion volumes. Complications are uncommon, 

ing the person placing the tube. 
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F)  The  tube  is  inserted  ventromedially  into  the  nasal 

therapy can include disturbances of fluid balance or elec-

passage and advanced caudally into the ventral nasal 

trolyte concentration, rectal injury, or rectal or colonic per-

meatus. If the tube is met with resistance, it should be 

foration or rupture. 

backed  out  and  repositioned  to  a  more  ventral  and 

medial position. 

A)  To perform an enema, insert a lubricated, 8–12- French 

G)  Once the first mark is met, the end of the tube can be 

red rubber catheter rectally and advance several inches 

attached to a syringe and aspirated to confirm negative 

into the colon. Warm tap water or warm isotonic saline, 

pressure. If continuous air is aspirated, the tube should 

mixed  with  sterile  lubricating  jelly,  is  then  slowly 

be removed, and another attempt can be made. 

administered through the catheter with a maximal vol-

H) When the tube is advanced to the final mark, it can be 

ume of 5–10 ml/kg. The catheter is then withdrawn and 

re- aspirated to confirm either negative pressure or the 

the patient is observed for defecation. 

presence of gastric fluid. 

B)  Emollient laxatives, such as dioctyl sodium sulfosucci-

I)  The stylet is removed (if present) and the tube is then 

nate (DSS), may soften stool by enhancing the mixture 

secured using suture at the lateral aspect of the nasal 

of water and fatty components of the stool. DSS can be 

planum in a Chinese finger- trap pattern. 

administered as part of an enema solution at a dose of 

J)  A  radiograph  following  placement  to  check  proper 

5 ml per adult cat. 

positioning  is  highly  recommended  and  is  essential 

C)  Enemas containing sodium phosphate may cause severe 

before providing enteral nutrition. 

and  potentially  life- threatening  hyperphosphatemia, 

K)  An  Elizabethan  collar  should  be  placed  to  protect 

hypernatremia,  and  hypocalcemia,  and  should  not  be 

against tube dislodgement. 

administered. 

a)  Ancillary therapies, including rehydration with sub-

cutaneous or intravenous crystalloid fluid, and oral 

laxative administration, may increase the likelihood 

40.17   Enema Administration

of  defecation  following  enema  administration. 

Sedation may be needed for enema administration 

Constipation (decreased stool frequency or difficulty pass-

in some cats. 

ing stool) and obstipation (recurrent, refractory constipa-

b)  Constipation that is refractory to enema administra-

tion  owing  to  loss  of  functional  ability  to  defecate)  are 

tion may necessitate manual removal of impacted 

common presenting complaints in cats brought for emer-

feces.  This  generally  requires  deep  sedation  or 

gency  evaluation.  Enema  administration  is  typically 

general  anesthesia.  Subtotal  colectomy  may  be 

required for management of these disorders, particularly 

warranted in cases of obstipation due to idiopathic 

when a large volume of feces is palpated within the colon 

megacolon. 

or  identified  via  abdominal  radiography.  Enema  therapy 

c)  Enemas  containing  lactulose  (1  part  lactulose  to  2 

may also be considered in patients with altered mentation 

parts  warm  water)  can  be  administered  to  patients 

due  to  hepatic  encephalopathy.  Complications  of  enema 

with hyperammonemia and hepatic encephalopathy. 
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Creating a Minimal- Stress Emergency Environment

 Carlo Siracusa

UNIQUE FEATURES



● Minimal- stress handling (MSH) enhances the welfare and health of the emergency feline patient. 



● MSH decreases the fear and stress experienced by the patient, thereby improving quality of life. 



● MSH minimizes the pro- inflammatory response caused by acute stress and the suppression of the immune response characteristic of chronic stress. 



● Increased cooperation from the patient after implementation of MSH will decrease the time for triaging and treatment and may lead to faster patient recovery secondary to a favorable modulation of the inflammatory and immune response. 

A) Signs of distress in cats. 

d)  Defensive  freeze  is  characterized  by  increased 

a)  In order to quantify the stress experienced by cats 

parasympathetic tone associated with a decreased 

during medical procedures, it is necessary to under-

heart  rate.  Therefore,  an  emotionally  aroused 

stand  the  body  language  associated  with  stress  in 

and  distressed  cat  is  not  necessarily  a  physically 

this  species.  As  a  non- obligate  social  species  that 

aroused animal with a high heart frequency, but 

evolved from the solitary  Felis silvestris, the domes-

can  be  an  immobile  and  stiff  cat  with  a  low 

tic cat does not display a rich and complex body lan-

heart rate. 

guage  as  domestic  dogs  do.  For  this  reason,  cat 

e)  Cats showing defensive freezing can shift to a more 

caregivers  may  find  it  difficult  to  understand  the 

proactive  stress  response  including  aggression,  so 

emotional state of a cat and to anticipate its behav-

MSH should always be used with freezing animals 

ioral response. 

and caution should be exercised. 

b)  Behavior associated with stress can be ascribed to 

f)  Cats  feeling  threatened  will  first  use  an  overtly 

one of four different coping strategies:

defensive  behavior  such  as  attempting  to  escape 

i)  Fight: proactive behavior such as aggression. 

or hide. If this possibility is denied (as often hap-

ii)  Flight:  reactive  behavior  such  as  escaping 

pens  in  veterinary  practice),  they  may  become 

or hiding. 

conflicted and show displacement behaviors (pac-

iii)  Defensive freeze. 

ing, grooming, frequent repositioning, etc.). When 

iv)  Fidget: displacement behaviors like, for exam-

cats perceive that the handler is about to start an 

ple, pacing and self- grooming. 

interaction  with  them,  they  can  freeze  (lowered 

c)  Coping  strategies  associated  with  an  increased 

body,  often  crouched,  immobile,  with  pupils 

physical and emotional arousal such as aggression 

dilated  and  ears  oriented  laterally).  If  all  these 

or running away are characterized by an increased 

coping  strategies  fail,  cats  will  use  defensive 

sympathetic tone (increased heart rate and cardiac 

aggression (hissing, swatting, growling, yowling, 

output, increased arterial pressure, increased respi-

spitting, screaming, and lunging) that culminates 

ration, and perfusion of active tissue). 

in scratching and biting. 
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B)  Stress, fear, and anxiety during veterinary visits

displacement,  and  freeze  behaviors  and  accord-

a)  Interactions  with  the  veterinary  personnel,  han-

ingly adjusting the handling of a feline patient can 

dling,  forced  restraining,  confinement  in  hospital 

prevent  an  escalation  to  aggression,  shorten  the 

cages,  exposure  to  novel  sounds  and  sights,  treat-

time of the procedure, reduce the risk of injuries 

ment  administration,  and  hospitalization  are  all 

for the cat and the personnel, and facilitate seda-

important stressors for cats. 

tion (with lower drug doses required) should it be 

b)  The presence of medical disease and pain exacer-

necessary. 

bates stress. 

h)  Typical  signs  of  distress  in  cats  are  listed  in 

c)  Both acute stress and medical disease activate the 

Figure 41.1. 

immune  system  and  trigger  an  inflammatory 

response. 

i)  Acute stress results in the increase of circulat-

Fight (proactive, antagonistic behavior)

ing  hormones  (i.e.,  catecholamines,  cortisol, 

•

Staring intensely at (handler) 

corticotropin- releasing  hormone  [CRH])  and 

pro- inflammatory  mediators  (i.e.,  cytokines), 

•

Pupil dilation

and  mobilizes  immune  cells  to  enhance  the 

•

Rapid lateral movements of the tail (tail wagging)

adaptive immune response. 

•

Ears positioned laterally and flattened

ii)  This adaptive mechanism will cause “sickness 

•

Piloerection

behavior,”  a  depressed  state,  through  a  pro- 

•

Hissing

inflammatory action on the brain. This depressed 

•

Swatting

state helps the animal to cope with disease. 

•

Growling, yowling, spitting

iii)  Many  veterinary  patients  experience  a  pro-

•

Open mouth with teeth showing

longed activation of the stress response, particu-

•

Scratching

larly if hospitalized, resulting in chronic stress. 

iv)  Chronic stress causes a depletion of resources 

•

Biting

in the immune system, as well as an immune 

•

Higher body posture with arching of the back 

suppressive  effect  secondary  to  persistent 

•

Lunging/jumping at (handler)

high  levels  of  hypothalamic–pituitary–adre-

Flight (reactive, defensive behavior)

nal (HPA)- axis hormones, in particular CRH 

•

Ears flattened and in lateral position 

and cortisol. 

•

Attempting to escape and hide

v)  Chronic stress may also alter the composition 

•

Hissing

of  the  gut  microbiota,  which  modulates  the 

•

Piloerection

immune  response,  with  long- term  conse-

quences on the behavioral and physical health 

•

Lower body posture

of the animal. 

Freeze (defensive)

vi)  Emotional  stress  interferes  with  pain  experi-

•

Low body posture, crouched

ence and can cause hypoalgesia or hyperalgesia. 

•

Rapid lateral movements of the tail tip

vii)  Excessive acute stress and chronic stress must 

•

Ears flattened and in lateral position

be reduced through MSH. 

•

Pupils dilated

viii)  Figure  41.2  illustrates  the  reciprocal  interac-

•

Piloerection

tion between stress, behavior, and the immune 

•

Snarling, growling

response. 

C)  Minimizing stress before, during, and after the veteri-

Fidget (displacement)

nary emergency visit

•

Repositioning

a)  Several  actions  can  be  taken  before  the  emer-

•

Pacing

gency visit. 

•

Self-licking, grooming

i)  All emergency procedures on cats must be per-

•

Running

formed  in  a  dedicated  area,  separated  from 

•

Mild, rapid biting

dogs and any highly distressed patient. 

ii)  When  possible,  instruct  the  client  on  how  to 

Figure 41.1  Distress- related behaviors in cats, listed from mild facilitate  a  minimal- stress  emergency  visit. 

to severe intensity for each coping strategy. 

This can be done during the initial phone contact 
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Figure 41.2  Disease activates a stress- like behavior response (depressed state) in cats, mediated by pro- inflammatory cytokines. 

Prolonged exposure to stress causes a depletion of immune mediators and consequent suppressed immunity. 

and triage, or publishing resources in the emer-

with a seat belt, or place the carrier on the 

gency service web site (e.g., a short 2–3 minutes 

floor between the front and the back seat. 

instructional video readily visible next to the con-

–  Consider covering the carrier with a sec-

tact information). The client should:

ond  towel/blanket,  but  make  sure  that 

1)  Use a hard (plastic) carrier that can be easily 

the carrier is appropriately ventilated and 

opened from the top, or taken apart separat-

at a comfortable temperature to prevent 

ing the top from the bottom. 

overheating. 

2)  Place a large towel/blanket at the bottom of 

b)  Once the patient arrives to the emergency clinic, its 

the carrier, big enough to wrap the cat in it 

stress level should be quickly assessed by the vet-

once the carrier is opened or taken apart. 

erinary technician or nurse performing the triage 

3)  During  the  ride  to  the  emergency  clinic, 

and  the  owner  should  be  directed  to  the  most 

place the cat carrier on a steady surface in 

appropriate waiting area if the cat is determined to 

the car. If on the back seat, secure the carrier 

be stable. 

544  Creating a Minimal- Stress Emergency Environment i)  If  the  animal  is  experiencing  extreme  distress 

treatment  room  only  when  the  clinicians  are 

(heavy panting, restlessness, excessive and loud 

ready to provide care. 

meowing, growling, snarling, yowling, hissing, 

ix)  If  the  environment  in  the  waiting  room 

swatting, etc.), the cat should be triaged to the 

becomes inadequate (e.g., crowded or noisy), 

treatment area for assessment, and if the cat is 

the patient can be transferred to a temporary 

deemed stable (i.e., the cat does not have pri-

quiet area (an empty consult room, or hospi-

mary respiratory signs or signs of severe illness), 

talization ward). 

the client should be directed to an isolated and 

x)  Remember,  a  minimally  stressed  cat  in  the 

quiet area where the cat can calm down. If the 

waiting area is an easier- to- handle cat during 

stability of the cat cannot be determined, the cat 

procedures and treatments. 

should  be  placed  in  quiet  environment  in  the 

c)  Minimal- stress  handling  during  the  emergency 

treatment area for observation. 

procedure

ii)  If the cat is not exhibiting overt signs of exces-

i)  Cats  can  release  natural  scents  called  alarm 

sive distress, the client can be directed to the 

pheromones  during  veterinary  procedures. 

communal cat- only waiting area. 

Alarm  pheromones  can  trigger  a  defensive 

1)  A distance of at least 1 m (about 3 ft, either 

stress  response  in  cats  sensing  them.  Before 

horizontally, vertically, or diagonally) must 

putting the patient in contact with the ER fur-

be maintained between one patient and the 

niture  (cages,  exam  tables,  scales,  etc.),  sur-

other. Close proximity between two patients 

faces  should  be  cleaned  with  a  product  that 

should be always avoided. 

has  both  disinfectant  and  detergent  (sur-

2)  Ideally, a distance of about 3 m (about 10 ft) 

factant)  properties  (for  example,  Rescue 

should be maintained between one patient 

Concentrate,  Virox  Technologies,  Oakville, 

and the other, if the waiting area allows. 

ON,  Canada).  Disinfectants  alone  do  not 

iii)  As potential preys, cats feel safer when allowed 

remove  organic  substances  and,  therefore, 

to stay at a higher height. Elevated platforms 

alarm pheromones. 

should be made available in the waiting areas 

ii)  Although there is no conclusive evidence that 

for the clients to place the carrier on. 

synthetic  feline  facial  analog  pheromone 

iv)  Hiding is an effective coping strategy to mini-

(Feliway,  CEVA  Animal  Health,  Lenexa,  KS, 

mize  distress.  Clean  towels/blankets  to  cover 

USA)  reduces  stress  during  cat  handling,  its 

the  carriers  should  be  made  available  to  the 

application (as a plug- in electric diffuser, spray, 

clients. 

or wipes) may help decrease stress during wait 

v)  Placing wheeled carts in the waiting areas can 

time or hospitalization. 

easily  provide  high  platforms  and  storage 

iii)  Exam tables must be covered with nonslip mats 

space  for  cover  towels/blankets,  without  the 

that  will  also  provide  thermic  isolation  to  the 

need  to  make  any  structural  change  to  the 

patient. 

facility. 

iv)  Maintain  background  noises  at  a  minimum, 

vi)  Playing cat- specific music (Scooter Bere’s Aria in 

constant  level.  Speak  in  a  calm  and  soft  tone 

Music for Cats, David Teie, Universal Records, 

of voice. 

UK)  which  reproduces  affiliative  vocalizations 

v)  As much as possible, minimize the foot traffic 

and rewarding sounds can contribute to decreas-

of  people  entering  and  exiting  the  examina-

ing the stress during veterinary visits. There is 

tion area. 

no  evidence  that  playing  classical  music  will 

vi)  The  first  approach  to  the  patient  will  vary 

reduce cat stress during the veterinary visits. 

depending on the carrier, if any, with which the 

vii)  The use of synthetic feline facial analog pher-

cat is presented. 

omone  (Feliway,  CEVA  Animal  Health, 

1)  Approach the carrier with calm and smooth 

Lenexa,  KS,  USA)  diffusers  plugged  in  the 

movements, speaking to the cat with a gen-

waiting room may help decrease stress during 

tle and soothing tone of voice. Do not whis-

wait time. 

per, especially from a short distance, since 

viii)  Before  care  is  administered,  patients  should 

the animal may interpret this as an intimi-

wait  in  the  quietest  possible  environment. 

dating “hissing” sound. Do not stare at the 

Therefore, they should be transferred from the 

cat,  and  observe  its  body  language  before 

quiet  waiting  area  to  the  busy  emergency 

making any contact. If the animal is calm, 

[image: Image 156]
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gently  move  your  hand  toward  the  carrier 

taken apart, open or remove the top part of 

and  allow  the  cat  to  sniff  it  (always  clean 

the carrier. If the cat is calm, consider doing 

your  hands,  but  avoid  disinfectants  and 

all or part of the required procedures with 

detergents with a strong smell). 

the  cat  in  the  bottom  part  of  the  carrier. 

2)  Many cats struggle when approached inside 

Otherwise, wrap the cat in a large and thick 

carriers  that  do  not  have  a  large  opening, 

towel and remove it from the carrier. 

especially  soft  carriers.  Reaching  into  the 

6)  Practice your preferred wrapping technique 

carrier to grab the cat must never be the first 

multiple  times  in  advance.  Always  make 

option. Do not grab the cat by the scruff, nor 

sure that the towel is large enough to con-

tip the carrier to shake the cat out onto the 

tain the entire body of the animal. Please see 

table. This would further activate the stress 

Figure  41.3  for  an  example  of  wrapping 

response and cause a dangerous escalation 

technique. 

of the cat’s emotional arousal. 

7)  During  and  after  the  wrapping  procedure, 

3)  If the cat is calm enough, it should always 

position  your  hand  on  the  neck  and  your 

be  offered  the  possibility  to  spontaneously 

arm  on  the  body  of  the  cat  (as  shown  in 

come out of the carrier. Encourage the cat to 

Figure 41.3), so you can always know how 

come  out  with  a  calm  and  soft  voice  and, 

the  animal  is  positioned  inside  the  towel. 

when possible, use high- value food (e.g., wet 

Expose only the area of the body that you 

food) to lure it out. Do not stare at the cat 

need  to  access,  for  example,  a  limb  for 

inside the carrier. 

catheterization. 

4)  If the cat does not exit a soft carrier, use a 

8)  The wrapping towel must be big enough to 

thick and large towel to protect your hands 

cover  the  head  if  necessary,  and  loose 

while  you  reach  for  the  animal  inside  the 

enough  on  the  head  for  the  animal  to 

carrier, gently wrap it in the towel, and pull 

breathe comfortably. 

it out of the carrier. You may need the help 

9)  If an aggressive cat has to be transferred into 

of an assistant who gently pulls the soft car-

a cage, place a large towel on the cage floor 

rier in the opposite direction (only after the 

so it can be used for wrapping the animal 

cat is already contained in the towel). 

when necessary. 

5)  If  the  cat  is  presented  in  a  plastic  carrier 

vii)  Wrapping  techniques  and  forced  restraining 

with a top opening and/or the carrier can be 

should be used only with very fearful (at risk of 

1

2

3

7

4

5

6

Figure 41.3  A proposed sequence for safely wrapping a cat into a towel for MSH. 

546  Creating a Minimal- Stress Emergency Environment escaping)  or  severely  aggressive  animals.  In 

xiv)  Once  you  have  established  physical  contact 

general,  minimal  restraint  should  always  be 

with the patient to begin handling, avoid taking 

preferred. 

your hands off its body during the procedure 

viii)  During all handling, the feet of the cat should 

and then making contact again. Every time the 

be  in  contact  with  a  supporting  surface,  for 

handler makes contact with the body, the ani-

example, a table, a carrier, or a wrapping towel. 

mal  will  startle  and  its  stress  response  will 

The animal should never be suspended in the 

peak. If a cat is not struggling, keep at least one 

air, for example, grabbing it by the thorax and 

of  your  hand  continuously  on  the  body  of 

lifting it, as this can cause an extremely fearful 

the animal. 

reaction with the cat scratching the handler in 

xv)  Proceed  from  the  least  stressful  to  the  most 

an attempt to cling. 

stressful procedure during the physical exami-

ix)  When  handling  a  very  distressed  animal, 

nation and treatment. Painful or particularly 

always  consider  needs  versus  wants  and  per-

threatening procedures should be performed 

form only the procedures necessary to stabilize 

after  more  benign  but  essential  procedures, 

or sedate the patient. If a cat that is safely con-

such  as  measuring  the  heart  and  respiratory 

tained  continues  to  struggle  and  “fight”  the 

rate. Handling that may seem benign to us can 

restraint,  consider  releasing  the  pressure  and 

be perceived as very threatening by cats, that 

giving  the  possibility  to  the  animal  to 

is, putting the cat in dorsal recumbency, open-

calm down. 

ing  its  mouth,  exploring/treating  eyes  and 

x)  Cats must never be forced into potentially dan-

ears, etc. 

gerous  restraining  positions,  for  example, 

xvi)  If there are prolonged intervals between pro-

holding them in lateral recumbency by stretch-

cedures, do not leave the cat exposed to threat-

ing their fore and back limbs. These restrain-

ening visual and auditory stimuli. During this 

ing techniques can injure the animal, causing 

time, the cat must be put in a quiet cage behind 

a luxation for example, and cause an extreme 

a visual barrier (e.g., a curtain). If a cage is not 

activation of the stress response. The excessive 

available, the cat can be left in its familiar car-

sympathetic arousal itself may be fatal to the 

rier removed from traffic and covered with a 

emergency  patient  in  cardiorespiratory 

blanket or towel. 

distress. 

xvii)  Getting a frightened cat out of the cage may be 

xi)  When  handling  a  quiet  cat,  avoid  prolonged 

challenging,  since  the  cat  may  feel  cornered 

petting  but  gently  stroke  the  top  of  the  head 

and trapped when approached. Always make 

and the cheeks for 2–3 seconds and then inter-

sure there is no other animal in the cat’s sight 

rupt  the  interaction.  If  the  animal  remains 

when doing this operation. 

calm, you can repeat the contact. Do not stroke 

1)  Approach the cage gently and from the side. 

the cat on the back, flanks, or abdomen, since 

2)  Allow the cat to see you and move slowly, 

these  areas  may  trigger  a  defensive  response 

while avoiding scattered movements. 

(hissing,  swatting,  and  attempting  to  bite  or 

3)  Cats hiding in corners, behind, or inside lit-

scratch). 

ter boxes or carriers can be fearful. Observe 

xii)  Do not whisper into the cat’s ears or close to the 

the cat’s body language when you approach 

cat’s face. Even if this soft tone of voice has a 

to detect signs of fear. If reached for without 

positive  connotation  in  human’s  communica-

caution,  these  animals  can  become 

tion,  cats  may  perceive  it  as  a  “hissing”  and 

aggressive. 

threatening sound. 

4)  Gently  open  the  cage  and  observe  the  cat 

xiii)  Never  raise  the  voice  or  otherwise  physically 

response. If the cat hides in an enclosed box 

punish  a  cat.  Although  you  may  obtain  an 

or  carrier,  consider  using  the  same  hiding 

immediate freezing response with the cat stop-

spot to move the animal out of the cage. 

ping its fearful or aggressive behavior, you are 

5)  If the cat is not very fearful or aggressive, 

triggering  a  more  intense  activation  of  the 

gently  present  your  hand  for  the  cat  to 

stress  response  with  an  increased  emotional 

smell  it.  If  the  cat  remains  collaborative, 

arousal  that  is  detrimental  to  the  cat’s  health 

you may pet it on the head and cheeks area, 

and  welfare.  Some  cats  can  also  respond  to 

and  then  consider  one  of  the  following 

punishment with severe explosive aggression. 

options:
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–  Using a towel to wrap the cat. Make sure 

Commercially  available  empty  gelatin  or 

the entire body is contained in the towel 

vegetable  capsules  (easily  found  at  online 

and the legs are not suspended in the air. 

retailers) can hold fragments of bitter tablets. 

–  Gently  moving  the  cat  inside  a  carrier. 

Pill pockets (Greenies Pill Pockets, Mars Inc., 

You  can  place  a  hand  under  the  cat’s 

McLean, VA, USA) can also be useful to hide 

abdomen  and  move  the  cat  toward  the 

tablets and capsules, but they are not effective 

carrier,  always  making  sure  to  keep  its 

to mask the bitter taste of some split tablets. 

paws on a solid surface. 

vi)  Oral liquid medication can be administered in 

6)  If a cat is too reactive to be safely moved out 

a syringe mixed with some wet food and water. 

of the cage, take a break and allow the cat to 

Administer  some  food  without  medication 

calm  down.  Then,  consider  administering 

from a second syringe before and after having 

an oral sedative before attempting again to 

given the medication to facilitate the swallow-

move the cat out. 

ing of the drug. 

d)  Medicating a cat during the emergency procedure 

vii)  Pill- poppers with a protective rubber tip (also 

and following- up at home

called  pill  givers,  pill  shooters,  or  medicine 

i)  Most medication during the emergency proce-

feeders, and easily available at online retailers) 

dure  is  administered  via  a  parenteral  route. 

represent safe alternative when food cannot be 

However, oral administration may be required 

used. You can deposit a small amount of water 

to be given by the owners of the cat as a follow-

into the mouth using a syringe (without nee-

up to the emergency treatment. 

dle) after having given the pill to favor its inges-

ii)  With  highly  stressed  animals,  the  parenteral 

tion.  The  use  of  pill- poppers  is  preferred  to 

administration  of  drugs  is  likely  to  be  inter-

pushing the pills into the mouth with the han-

rupted  by  the  cat’s  movements  when  strug-

dler’s fingers. 

gling.  If  medication  is  being  administered 

e)  Housing  cats  before,  during,  and  after  the  emer-

through  a  needle,  this  should  always  be 

gency visit. 

replaced after its first use. Even when reusing 

i)  As a general rule, all veterinary housing facili-

the same needle may not represent an elevated 

ties  for  cats  should  have  the  following 

sanitary  risk,  for  example,  for  subcutaneous 

characteristics:

fluid administration, its tip will be dulled and 

1)  Provide a hiding place. 

the procedure will be more painful for the cat 

2)  Provide  a  perching  spot  to  safely  monitor 

which will increase stress and struggling. 

the  environment  (when  possible  and  safe 

iii)  Always when possible, oral medication should 

for the cat). 

be administered with food. A small amount of 

3)  Being in a quiet and stable environment. 

wet food can also be given right before and after 

ii)  Stability  in  the  housing  environment  is 

the  medication  is  administered.  Creamy  food 

achieved through two main strategies:

can be  used  to  disguise  small  tablets  and  cap-

1)  Having well- established standard operating 

sules, and powder. Moreover, creamy food will 

procedures (SOPs) for animal handling and 

trigger the animal to lick immediately after the 

facility  cleaning  to  guarantee  consistency 

administration to remove the residues from its 

among personnel. 

mouth and body, making sure that the medica-

2)  Minimizing sudden changes in the environ-

tion is entirely swallowed and does not stay in 

ment, that is, loud noises and excessive traf-

the  mouth  or  esophagus.  Specific  wrap  paste 

fic of people and animals. 

(Pill  Wrap,  Vetoquinol  USA,  Fort  Worth,  TX, 

iii)  Minimize  traffic  and  noises,  and  consider 

USA)  for  pill  administration  is  commercially 

installing glass doors to monitor caged cats in 

available. 

wards while keeping the environment quiet. 

iv)  Some tablets can be crushed into a fine powder 

iv)  Cat- only  wards  are  always  preferred.  In  any 

to  mix  with  food.  Not  all  tablets,  however, 

case, cats should not be exposed to view, smell, 

should be crushed and mixed with food, that is, 

and sounds of dogs. Cat cages should be cov-

if they have an enteric coating or if they have a 

ered to avoid the sight of dogs. If a dog is vocal-

bitter flavor. 

izing  excessively,  for  example,  prolonged 

v)  Bitter  medications  in  a  solid  form  should  be 

whining or intense barking, it should be moved 

administered  inside  a  gelatin  capsule. 

to a separate ward. 
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BACK

easy to clean. 

1)  Stainless- steel  cages  are  usually  noisy  and 

cold. Use towels and soft bedding to protect 

cats from the cold floor and walls. 

2)  Polypropylene  or  moisture- resistant  ply-

3

2

wood cages are quieter and warmer, while 

still easy to clean. 

vi)  Cats  seeing  other  cats,  especially  when  being 

4

1

examined, may experience stress. 

1)  Cat  cages  should  not  be  disposed  directly 

facing each other. 

FRONT WITH CURTAIN OR COVER

2)  Examination of cats should not happen in 

front of other cats, even if these are confined 

to a cage. When cats to be examined cannot 

Figure 41.4  Distribution of resources inside a cage. (1) A towel or mat should be placed on the floor of a stainless- steel cage to 

be moved to a different room, cages contain-

increase comfort. (2) A litter box must be placed in the back of 

ing other cats must be covered. 

the cage. Leaving some space within the box and the back wall 

vii)  Cages at upper level should be used for more 

of the cage will provide an additional hiding space. (3) The cat 

stressed and fearful animals. Cats prefer to stay 

should be provided a hiding space in the back of the cage. This 

can be a soft bed, a disposable cardboard carrier, or a reusable 

at higher heights to get a safer viewpoint. 

solid carrier. A solid carrier or box also provides a perching space viii)  Distribution of resources inside the cage should 

for the cat. (4) Water and food bowls have to be placed far from 

also be adequately considered:

the litter box (e.g., at the opposite corner of the cage) and close 1)  Provide hiding places, preferably in the back 

to the hiding spot. The front of the cage should be equipped 

with a removable curtain or cover to block the sight when 

of the cage: washable beds with high sides, 

housing a very distressed cat. 

cardboard boxes, cardboard cat carrier, and 

litter boxes (without litter inside) with high 

sides and soft bedding inside the same cat’s 

carrier.  Placing  an  empty  litter  box  inside 

2)  Separation from family members

the cat carrier can be helpful to take the cat 

–  Allow  visits  from  family  members  and 

out  of  the  carrier  by  simply  sliding  the 

provide  enrichment  items  from  home 

box out. 

(toys, bedding, etc.). 

2)  Litter boxes for elimination should be placed 

3)  Disruption  of  daily  schedule,  wake/sleep 

in the back of the cage, where the cat feels 

pattern, light/dark pattern, etc. 

safer.  Food  and  drinking  water  should  be 

–  Keep  a  consistent  schedule  and  social 

placed  far  from  the  litter  and  close  to  the 

interaction  with  caregivers  to  help 

hiding spot (see Figure 41.4). 

increase predictability and control of the 

3)  When possible and safe for the cat, provide 

environment

platforms  to  perch.  Cardboard  boxes  and 

x)  Chronic stress causes a prolonged activation of 

covered  litter  boxes  with  soft  bedding  can 

the  neuroendocrine  stress  response,  with  sig-

provide  both  hiding  places  and  platforms 

nificant increase of cortisol lasting for days or 

to perch. 

weeks and immune suppression. 

ix)  Cats that require hospitalization and long- term 

1)  Stress increases the risk of upper respiratory 

confinement after an emergency procedure or 

infections and other stress- related diseases, 

due to critical illness will experience an activa-

such as feline interstitial cystitis. 

tion of the chronic stress response that can be 

2)  Stress  alters  physiological  parameters  and 

detrimental to their physical and mental health. 

causes hyperthermia, increased respiratory 

Potential stressors include:

and heart rate, neutrophilia and lymphocy-

1)  Unfamiliar environment, confinement, fear, 

tosis, and hyperglycemia. 

and  the  impossibility  to  perform  species- 

–  Be  mindful  when  interpreting  physical 

typical (e.g., hunting- like playing) and usual 

findings  and  laboratory  tests  in  stressed 

behaviors. 

patients. 
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xi)  Keep in mind that cats may cope with stress in a 

f)  The use of sedation for chemical restraint must be 

passive way, inhibiting normal behaviors (ano-

considered  at  any  time  of  the  procedure  when 

rexia, absence of play behavior, grooming, elim-

excessive  stress  is  experienced  by  the  patient,  if 

ination, etc.) and drastically reducing their level 

deemed safe for the clinical conditions of the cat. 

of  activity.  Animals  exhibiting  passive  coping 

g)  The use of oral prehandling medication should be 

signs  (“very  quiet  cats”)  may  be  even  more 

considered  when  handling- related  stress  is  antici-

stressed than cats exhibiting active signs (vocal-

pated by the veterinarian:

ization,  pacing,  excessive  visual  scanning, 

i)  Trazodone: 12.5–50 mg/cat, 1.5–2 hours before 

increased alert and explorative behavior, etc.). 

anticipated stressor. 

1)  Passive coping signs can be confused with 

ii)  Gabapentin: 50–100 mg/cat, 1.5–2 hours before 

nonspecific signs of illness. 

anticipated stressor. 

2)  Clinicians should consider the opportunity 

iii)  Buprenorphine  OTM  (oral  transmucosal): 

to send a cat home when most signs of ill-

0.02 mg/kg,  1.5 hours  before  anticipated 

ness  have  resolved,  even  if  the  cat  is  still 

stressor. 

depressed or anorexic. The decreased stress 

iv)  Benzodiazepines

experienced by the animal may help resolv-

1)  Alprazolam: 0.02–0.1 mg/kg, 45–60 minutes 

ing the anorexia. 

before anticipated stressor. 

3)  Carefully ponder the decision to hospitalize 

2)  Lorazepam: 0.03–0.08 mg/kg, 45–60 minutes 

an  easily/excessively  stressed  cat.  Ask  the 

before anticipated stressor. 

owner  if  there  have  been  previous  experi-

v)  The use of acepromazine as a sedative is still 

ences and how the cat has responded; con-

popular, and it is effective in reducing physical 

sider how stressed the cat has been during the 

arousal.  However,  its  effect  in  reducing  the 

emergency procedure; consider whether the 

stress  and  anxiety  (emotional  arousal)  per-

treatment can be administered at home, or if 

ceived by the animal is questionable. Therefore, 

the owner can easily come back to your clinic 

acepromazine  should  not  be  used  alone  to 

for treatment administration and rechecks. 

reduce stress, anxiety, and fear in cats. 
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42

 Surgical  Section

 Maureen A. Griffin and William T. N. Culp

42.1  Emergency Gastrointestinal Surgery

UNIQUE FEATURES



● Linear foreign bodies are more common in cats than dogs. 



● Foreign material can be anchored at the base of the tongue in up to 50% of cats with linear foreign bodies, and the tongue base should be evaluated for foreign material in all cats with mechanical foreign body obstructions. 



● A single enterotomy catheter technique has been described for linear foreign body removal in cats. 



● Stapled intestinal anastomosis techniques have not been well evaluated in cats. 



● Cats may be less likely to develop postoperative septic peritonitis after intestinal surgery than dogs. 

A)  Common  indications  for  emergency  gastrointestinal 

d)  If  proximal  duodenum  affected:  signs  associated 

surgery in cats

with extrahepatic biliary obstruction (e.g., icterus). 

a)  Mechanical gastrointestinal (GI) obstruction via a 

e)  Hypovolemic shock and distributive shock possible 

linear or nonlinear foreign body

with septic peritonitis and/or GI necrosis. 

i)  Linear  foreign  bodies  are  reported  more  fre-

f)  Linear foreign material occasionally observed sub-

quently in cats than dogs (Evans et al. 1994; Felts 

lingually or protruding from the rectum

et al. 1984; Root and Lord 1971). 

i)  In up to 50% of cats, linear foreign body attached 

b)  Septic  peritonitis  secondary  to  leakage  from  a 

around base of tongue (can be difficult to detect 

GI source

if embedded in soft tissues) (Felts et al. 1984). 

i)  Mechanical obstruction causing GI necrosis. 

ii)  If linear material anchored at tongue base, clini-

ii)  Trauma. 

cal  signs  may  include  gagging,  swallowing, 

iii)  GI neoplasia. 

apparent oral pain, and sublingual inflammation. 

c)  Intussusception

iii)  Linear material protruding from anus does not 

i)  Secondary to parasites, viruses, linear foreign bod-

indicate that the foreign body will pass. 

ies, cecal inversion, previous abdominal surgery, 

g)  Abdominal  pain  and  intestinal  clumping  often 

postparturient status, and intestinal neoplasia. 

noted on abdominal palpation with linear foreign 

ii)  Common presentations: young (less than 1 year 

body (Evans et al. 1994; Felts et al. 1984; Hobday 

of age) and geriatric. 

et al. 2014). 

B)  Common  clinical  signs  and  physical  examination 

h)  Cylindrical  mass  palpable  in  cranial  to  mid- 

findings

abdomen common with intussusceptions. 

a)  Most  common  clinical  signs  in  cats  (Evans 

C)  Diagnostic tests

et al. 1994; Felts et al. 1984; Hobday et al. 2014)

a)  Abdominal radiographs

i)  Vomiting. 

i)  Classic finding with mechanical obstruction: gas- 

ii)  Inappetence. 

dilated small intestinal loops of varying diameters. 

iii)  Lethargy. 

ii)  Lateral radiograph: ratio of maximal small intes-

b)  Abdominal pain. 

tinal diameter to height of second lumbar verte-

c)  Diarrhea. 

bral cranial end plate (Adams et al. 2010)
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1)  Cats  with  ratio < 2.0:  more  likely  to  have 

vomiting,  and  may  be  contraindicated  if  GI 

nonobstructive disease. 

perforation suspected due to potential for severe 

2)  Cats  with  ratio ≥ 3.0:  more  likely  to  have 

peritonitis secondary to barium leakage (though 

intestinal obstruction. 

this is an indication for emergency exploratory 

3)  False positives and false negatives possible 

laparotomy which would allow thorough peri-

with this test. 

toneal lavage and drainage). 

iii)  Classic  findings  with  linear  foreign  body: 

c)  Abdominal ultrasound

small  intestinal  plication  in  the  cranial  to 

i)  Often  indicated  if  survey  radiographs  are 

midventral abdomen and gas in small, eccen-

nondiagnostic. 

trically  located  intraluminal  bubbles 

ii)  If an experienced ultrasonographer is available, 

(Figure 42.1.1). 

this is generally the first choice for abdominal 

iv)  Radiographic diagnosis may not be possible in 

imaging. 

some cats with mechanical obstruction. 

iii)  Reportedly greater accuracy and fewer equivo-

v)  Pneumoperitoneum  in  some  cases  of  GI 

cal  results  for  diagnosing  mechanical  small 

perforation. 

intestinal obstruction compared to radiographs 

vi)  Poor serosal detail in cases of peritonitis. 

(Tyrrell and Beck 2006). 

vii)  Findings  with  intussusception:  mass  effect 

iv)  Findings with mechanical obstruction: obstruc-

and  accumulation  of  gas  proximal  to 

tive lesion or foreign body, plication, abnormal 

intussusception. 

motility,  changes  in  intestinal  wall  thickness, 

b)  Positive contrast radiography (barium)

peritoneal effusion, and segmental small intes-

i)  Most proximal small intestinal obstructions vis-

tinal dilatation (Figure 42.1.2). 

ible within 6 hours after barium administration; 

v)  Findings  with  intussusception:  series  of  con-

up  to  24 hours  may  be  needed  for  distal 

centric  rings  in  transverse  image  and  parallel 

obstructions. 

lines in longitudinal image. 

ii)  Disadvantages:  time- consuming,  can  delay 

vi)  Limitations:  interference  of  imaging  by  gas 

decision for exploratory laparotomy, may not be 

within GI tract and/or abdomen as well as vari-

diagnostic  if  contrast  not  retained  due  to 

able operator experience. 

a

b

c

Figure 42.1.1  (a) Right lateral, (b) left lateral, and (c) ventrodorsal abdominal radiographs of a 4- year- old male castrated domestic shorthair. The pylorus is gas- filled on both right and left lateral projections. The proximal duodenum is moderately distended with gas and has a curvilinear shape noted on dorsoventral projection. On both lateral projections, in the cranioventral abdomen, the small intestines are diffusely soft tissue opaque and have a bunched appearance. Adjacent to this area, there is a fragmented gas pattern. 

[image: Image 158]

 Feline Emerreniy and Criciial Care Mediiine 553

1)  GI obstruction is generally the most common 

cause of these findings in cats. 

iii)  Consider use of IV crystalloids and colloids. 

iv)  Should  also  account  for  replacement  of  losses 

that occur intraoperatively. 

b)  Antibiotic prophylaxis

i)  Indication for antibiotic coverage during intesti-

nal surgery is controversial. 

ii)  If prophylactic antibiotics administered, should 

consider the following:

a

1)  Bacteria types expected at surgical site. 

2)  Timing of initial dose such that antibiotic is 

present in tissues at the time of surgery. 

3)  Continued  intraoperatively,  no  greater  than 

24 hours  postoperatively  (unless  ongoing 

infection present)

–  Extended use does not prevent infection 

and increases incidence of resistant bacte-

rial infections (Song and Glenny 1998). 

4)  First- generation  cephalosporins  typically 

effective  for  small  intestinal  antimicrobial 

prophylaxis (i.e., in cases in which septic peri-

b

tonitis is not detected) (Song and Glenny 1998)

–  Cefazolin 22 mg/kg IV every 90–120 minutes. 

Figure 42.1.2  Two single ultrasound images from a 6- month- 

E)  Intraoperative considerations

old male castrated domestic shorthair with a linear foreign body. 

a)  Surgical approach

(a) The proximal jejunum is moderately fluid- dilated, with a 

i)  Ventral midline celiotomy. 

thickened wall and hyperechoic mucosa. (b) Within the lumen of 

ii)  Falciform fat excised or retracted for visualization. 

the mid- jejunum, a long thin hyperechoic foreign body has 

caused plication of the intestine. The mesentery surrounding 

iii)  Moistened laparotomy sponges along length of 

this bowel is moderately hyperechoic. No free fluid or free gas 

incision  to  protect  tissues  from  trauma  and 

is seen. 

contamination. 

iv)  Self- retaining  abdominal  retractor  (such  as 

d)  Peritoneal effusion cytology

Balfour). 

i)  Intracellular  bacteria  diagnostic  for  septic 

v)  Suction any peritoneal effusion. 

peritonitis. 

vi)  Full abdominal exploration

ii)  Paired  peritoneal  effusion  glucose  and  lactate 

1)  Should include systematic assessment of all 

compared  with  peripheral  blood  glucose  and 

abdominal  organs/structures,  performed  in 

lactate:  with  septic  peritonitis,  glucose  is 

relatively similar manner in all cases: evalua-

expected to be lower and lactate is expected to be 

tion of diaphragm, liver, biliary tract, abdomi-

higher  in  the  abdominal  fluid  compared  to 

nal esophagus, stomach, duodenum, left and 

peripheral blood, though this diagnostic method 

right limbs of the pancreas, jejunum, ileum, 

needs further investigation/evaluation in cats. 

cecum, colon, mesentery, spleen, left kidney, 

D)  Preoperative considerations

left adrenal gland, right kidney, right adrenal 

a)  Fluid therapy

gland, urinary bladder, and reproductive tract. 

i)  Animals  with  GI  disease  often  have  fluid  and 

vii)  Actively leaking intestinal segments and/or site 

electrolyte imbalances that should be corrected 

of GI surgery should be packed off from abdo-

before surgery. 

men with laparotomy sponges (Figure 42.1.3). 

ii)  Common  metabolic  abnormalities  with 

Fingers or Doyen forceps can be used to prevent 

mechanical  GI  obstruction:  hypokalemia, 

intestinal leakage. 

hyponatremia,  hypochloremia,  and  metabolic 

b)  Assessment of GI viability

acidosis  (or  alkalosis  if  proximal  intestinal 

i)  Clinical  assessment:  color,  vascular  pulsation/

obstruction). 

perfusion, tissue thickness, and peristalsis

[image: Image 159]
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a

Figure 42.1.3  Intestinal contents are noted to be leaking from a perforation in the mid- jejunum of this cat. Laparotomy 

sponges are utilized to cover the adjacent tissues and prevent 

contamination from the surgical site. 

1)  These findings do not always correlate with 

histologic  severity  of  disease  and/or 

prognosis. 

ii)  More objective measurements of viability (sur-

face  oximetry  and  fluorescein  infusion)  not 

reported in cats. 

b

c)  Choice of suture material for GI closure

i)  Monofilament  recommended  over  multifila-

Figure 42.1.4  (a) A small enterotomy has been performed to 

remove a foreign body from the mid- jejunal region. (b) The 

ment (due to risk of microbial wicking via mul-

enterotomy has been closed with 4- 0 monofilament absorbable 

tifilament suture). 

suture placed in a simple interrupted pattern. 

ii)  Long- lasting synthetic absorbable suture (such 

as polydioxanone) typically recommended over 

v)  Gentle/atraumatic tissue handling of intestinal 

non- absorbable

wall— use of cotton- tip applicators can be less 

1)  4- 0  polydioxanone  typically  appropriate  for 

traumatic than forceps. 

feline enteric closure. 

vi)  Knot tying: tissues should be well apposed but 

iii)  Swaged- on taper needle preferred. 

not crushed

d)  Choice of suture pattern and technique for GI closure

1)  Second throw of knot further tightens suture 

i)  Crucial  to  incorporate  submucosal  layer  in 

and  can  crush  tissue  if  first  throw  is 

closure. 

already tight

ii)  Single- layer  closure  preferred  over  two- layer 

e)  Suture line reinforcement

closure for intestinal apposition. 

i)  Omentum— placed  on  anastomosis  site  or 

iii)  Approximating  suture  patterns  preferred  over 

tacked  to  serosa  surrounding  anastomosis  site 

inverting and everting patterns. 

(Figure 42.1.5)

iv)  Appropriate patterns for intestinal closure: sim-

1)  Intestinal  obstruction  may  occur  if  single 

ple interrupted, simple continuous, and modi-

flap of omentum firmly wrapped circumfer-

fied Gambee

entially around anastomotic site. 

1)  Simple 

interrupted/continuous: 

bites 

f)  Suture line leak testing

through all layers of intestinal wall, 3–5 mm 

i)  Allows  for  assessment  of  security  of  enteric 

from  tissue  edge,  3–5 mm  apart,  with  sur-

suture lines and subsequent correction of per-

geon’s knots extraluminal (Figure 42.1.4). 

sistent defects prior to abdominal closure. 

2)  Modified  Gambee  pattern  depends  on  cor-

ii)  Technique

rect  identification  of  submucosa  in  each 

1)  Occlusion  of  intestine  on  either  side  of 

bite— inexperienced surgeons may be more 

suture line using atraumatic Doyen forceps 

likely  to  not  grasp  adequate  bites  of 

or digital pressure, subsequent introduction 

submucosa. 

of 25- gauge needle attached to syringe with 

[image: Image 162]
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h)  Perform  glove  and  instrument  change  prior  to 

closure. 

i)  Count sponges prior to closure. 

j)  Placement of closed, active peritoneal drain (such 

as a Jackson- Pratt drain) if evidence of septic perito-

nitis (Figure 42.1.6)

i)  Fenestrated  drain  tubing  should  be  placed  in 

the cranioventral abdomen regardless of source 

of  septic  peritonitis  given  route  of  peritoneal 

lymphatic drainage. 

k)  Obtain  peritoneal  culture  samples  (before  and/or 

after lavage) if evidence of septic peritonitis. 

l)  Routine abdominal closure:

i)  Linea  alba  (ventral  sheath)  with  long- lasting 

Figure 42.1.5  A jejunal resection and anastomosis has been 

monofilament  absorbable  suture  in  a  simple 

performed. The omentum has been wrapped around the surgical 

site and secured to the serosa of the jejunum with 

continuous or interrupted pattern. 

4- 0 monofilament absorbable suture (white arrows). 

ii)  Subcutaneous  tissue  with  monofilament 

absorbable  suture  in  a  simple  continuous 

sterile  saline,  and  injection  of  volume  of 

pattern. 

saline  sufficient  to  distend  intestinal 

iii)  Dermis  with monofilament  absorbable  suture 

segment. 

in a continuous subcuticular pattern or alter-

iii)  All  anastomoses  will  leak  with  sufficient 

natively skin sutures with monofilament non- 

pressure— ideal leak test reaches but does not 

absorbable suture in an interrupted or continuous 

exceed  normal  intraluminal  pressure  during 

pattern. 

peristalsis. 

F)  Surgical procedure: gastrotomy (Figure 42.1.7)

g)  Importance of thorough lavage with sterile saline to 

a)  Indications: foreign material present in stomach (as 

eliminate contamination following GI anastomosis. 

with linear foreign body). 

a

b

c

Figure 42.1.6  (a) Septic peritonitis in an 8- year- old male castrated cat. (b) After significant peritoneal lavage and suctioning, a Jackson- Pratt active abdominal drain has been placed, and the white drainage end will be placed into the peritoneal cavity. (c) After abdominal closure, a suction bulb (compressed to provide negative pressure) is attached to the abdominal drain tubing, and the abdominal drain tubing is secured to the skin using a purse- string and finger- trap suture pattern to prevent premature removal. 

[image: Image 164]
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a

b

c

d

Figure 42.1.7  Gastrotomy for removal of a foreign body in a cat. (a) The cat is placed in dorsal recumbency, and a ventral midline celiotomy has been performed. Two stay sutures are placed parallel to the location of the planned gastrotomy site. (b) A gastrotomy has been performed using a #11 scalpel blade and continued with scissors, and foreign material will be removed from the stomach. 

(c) The mucosal–submucosal combined layers of the stomach wall have been closed with 3- 0 monofilament absorbable suture in a simple continuous pattern. (d) The serosal–muscularis combined layers of the stomach have been closed with 3- 0 monofilament absorbable suture in an inverting (Lembert) pattern. 

b)  Procedural description

removed via rectal palpation or allowed to pass 

i)  Isolate  stomach  with  moistened  laparot-

naturally. 

omy pads. 

b)  Procedural description

ii)  Two  stay  sutures  (2- 0  or  3- 0  monofilament 

i)  Obstructive  object  and  associated  bowel  iso-

suture on a taper needle) placed directly orad 

lated from abdomen. 

and  aborad  or  on  either  side  parallel  to  the 

ii)  Occlusion of intestine on either side of incision 

planned incision (via large, bites that will not 

via Doyen forceps or digital pressure. 

tear through gastric wall)— use hemostatic for-

iii)  Longitudinal  incision  made  in  antimesenteric 

ceps  to  pull  up  on  these  and  elevate  stomach 

border  of  intestine  immediately  aboral  to  for-

prior to gastrotomy in order to prevent leakage. 

eign object. 

iii)  Incision  centered  between  lesser  and  greater 

iv)  Suction intestinal contents and prevent abdom-

curvature in region with few blood vessels

inal contamination. 

1)  Incision in region of gastric antrum if pyloric 

v)  Clamps or forceps used to remove intraluminal 

obstruction/anchored foreign body. 

foreign material. 

iv)  Suction gastric contents and prevent abdominal 

vi)  Enterotomy  closed  longitudinally  in  single- 

contamination. 

layer appositional pattern. 

v)  Clamps  or  forceps  used  to  remove  gastric  for-

c)  Linear foreign bodies

eign material— transect anchor of linear foreign 

i)  Plicated bowel isolated from abdominal cavity. 

body at pylorus and remove gastric portion. 

ii)  Foreign body can be removed via single enter-

vi)  Closure

otomy or via multiple enterotomies

1)  Monofilament,  long- lasting  absorbable 

1)  Multiple enterotomies

suture (such as polydioxanone) on swaged-

–  Anchored portion of linear foreign body 

on taper needle. 

(typically  around  tongue  base  or  in 

2)  Two  layers— inner  layer  provides  hemosta-

pylorus)  is  released  (via  gastrotomy  if 

sis, and outer layer provides additional seal 

anchored in pylorus)

against leakage of gastric contents. 



●

Traction  is  gently  applied  to  the  for-

–  Mucosal–submucosal  layer  closed  in 

eign body, and as much foreign body as 

simple continuous pattern with absorba-

possible  is  removed  through  initial 

ble monofilament suture. 

incision. 

–  Seromuscular  layer  closed  in  inverting 

–  Additional  enterotomies  made  at  points 

Cushing or Lembert pattern. 

of  anchorage/plication  with  transection 

G)  Surgical procedure: enterotomy

and  removal  of  foreign  body  until 

a)  Indications:  mechanical  GI  obstruction  with 

removed in entirety. 

healthy/viable intestine

2)  Single  enterotomy  catheter  technique 

i)  Exception: If partially obstructive foreign body, 

described in cats (Anderson et al. 1992)

may be able to atraumatically milk foreign mate-

–  1 cm  incision  made  on  antimesenteric 

rial  into  colon  where  it  can  be  subsequently 

border of proximal duodenum. 

[image: Image 165]
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–  Foreign  body  released  from  proximal 

v)  If  mesenteric  perforations  and/or  necrotic 

attachment,  then  grasped  through  this 

bowel, resection and anastomosis indicated. 

incision and tied to a segment of rubber 

vi)  Enterotomy  and  gastrotomy  incisions  closed 

or silicone catheter or tubing. 

routinely. 

–  Catheter  (with  attached  string)  then 

H)  Surgical procedure: resection and anastomosis

inserted into duodenum and passed dis-

a)  Indications:  mechanical  GI  obstruction  with 

tally through intestines— milked aborally 

necrotic intestinal segment, GI perforation and sep-

through  anal  orifice  (carrying  foreign 

tic peritonitis, neoplastic disease, and intussuscep-

body with it). 

tion (if non- reducible, necrotic, or associated with 

–  Enterotomy (and possible gastrotomy for 

neoplasia). 

release  of  pyloric  anchor)  closed 

b)  Procedural description (Figure 42.1.8)

routinely. 

i)  Segment of intestine to be excised is isolated from 

–  Possible adverse effects: iatrogenic intes-

abdomen by moistened laparotomy sponges. 

tinal perforation if bowel is ischemic or 

ii)  Blood vessels supplying the intestinal segment 

necrotic. 

(including  connecting  arcades  in  the  mesen-

iii)  Important not to pull too vigorously on foreign 

teric border) are ligated and divided. 

body— can  cause  perforation  of  compromised 

iii)  Mesentery is incised near ligated vessels— leave 

intestinal wall. 

as much mesentery as possible for closure. 

iv)  Assess for perforations of mesenteric border of 

iv)  Crushing forceps placed to isolate intestine to 

plicated bowel— may not be evident until ten-

be excised— should include at least several milli-

sion on linear foreign body is released and plica-

meters of normal intestine with diseased portion 

tions relax, and may be difficult to visualize due 

(wider margins if suspected neoplasia) to ensure 

to overlying mesenteric fat

anastomosis of healthy intestine. 

1)  Perforations typically on mesenteric surface 

v)  Intestinal contents are milked away from pro-

of intestine. 

posed  transection  sites,  and  Doyen  forceps  or 

a

b

c

d

Figure 42.1.8  Resection and anastomosis of a section of jejunum containing a foreign body. (a) Noncrushing Doyen clamps have been placed furthest away from the foreign body in regions of intestine that will remain after removal of the affected tissue. Crushing clamps have been placed closer to the foreign body to mark the regions where the tissue will be cut for removal and to prevent leakage of intestinal contents into the abdomen. (b) The jejunal artery to the affected section of intestine has been ligated, and the affected tissue has been removed. (c) The cut edges of intestine are brought together and suturing of the mesenteric border has commenced. (d) A completed anastomosis has been performed. A simple interrupted suture pattern was utilized to appose the intestinal edges, and the mesentery has been apposed with a simple continuous suture pattern. 
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assistant’s  fingers  are  placed  on  the  intestine 

c)  Intussusception

external  to  the  crushing  forceps  to  prevent 

i)  Manual reduction (without resection and anas-

abdominal contamination

tomosis) can be attempted if visible enteric ves-

1)  Lumen  on  each  side  of  segment  should  be 

sels are patent and bowel wall does not appear 

temporarily  obstructed  at  least  1.5 cm  from 

ischemic. 

proposed  sites  of  transection  to  allow  for 

ii)  Resection  and  anastomosis  required  when 

appropriate suture placement. 

lesion cannot be reduced, bowel is necrotic, or 

vi)  Intestine is transected with a scalpel alongside 

underlying neoplasia is suspected. 

the crushing forceps (between the crushing and 

iii)  After  correction  of  intussusception,  enteropli-

atraumatic  forceps/assistant’s  fingers),  and 

cation  described  to  reduce  recurrence— 

affected  intestinal  segment  and  associated 

generally not recommended

crushing clamps are removed

1)  This has not been shown to reduce postop-

1)  Can cut intestine such that mesenteric bor-

erative complications or mortality. 

ders  of  remaining  ends  are  slightly  longer 

2)  Risk of significant complications associated 

than antimesenteric borders. 

with enteroplication. 

vii)  Correction of luminal diameter disparity

3)  May be considered in cases where predispos-

1)  Mild  disparity:  wider  spacing  of  sutures 

ing cause of intussusception not identified, 

on  larger  lumen  side  than  smaller 

predisposing  cause  cannot  be  remedied,  or 

lumen side. 

intussusception is recurrent. 

2)  Greater  disparity:  intestine  with  smaller 

I)  Postoperative considerations

lumen can be transected at an angle or spatu-

a)  Fluid and electrolyte needs should be assessed fre-

lated to create a larger luminal diameter, or 

quently postoperatively with treatment as indicated. 

the  lumen  diameter  of  the  larger  segment 

b)  Appropriate  analgesia,  while  also  considering 

can be reduced. 

potential adverse effects of μ- agonists (such as ileus)

viii)  Anastomosis

i)  Initial  postoperative  analgesia  should  include 

1)  End- to- end  anastomosis  via  hand- sewn, 

full  μ- agonist  such  as  fentanyl  1–5 μg/kg/h  IV 

single- layer, approximating suture pattern

CRI, hydromorphone 0.05–0.1 mg/kg IV q4–6h, 

–  Pre-place 3–4 simple interrupted sutures 

or methadone 0.1–0.2 mg/kg IV q4–6h. 

along  mesenteric  border— confirm  that 

ii)  Ideally transition from full μ- agonist to partial μ- 

each  engages  submucosa  on  both  sides 

agonist  (buprenorphine  0.01–0.02 mg/kg  IV  or 

appropriately prior to tying these

transmucosal  q8–12h)  and  oral  medications 



●

Allows for visualization of mesenteric 

(such as gabapentin 10 mg/kg PO q8–12h) within 

bowel  edges  that  is  lost  after  first 

12–24 hours  postoperatively  if  pain  adequately 

suture is tied due to mesenteric fat. 

controlled. 

–  Place  additional  sutures  3–5 mm  apart 

c)  Prognosis

around  the  intestine— may  place  initial 

i)  Prognosis  is  typically  good  after  foreign  body 

suture at antimesenteric border. 

removal (including uncomplicated linear foreign 

–  Simple  interrupted  or  simple  continuous 

body removal) in cats without septic peritonitis. 

suture  pattern  acceptable— if  simple  con-

ii)  Intestinal perforations (generally uncommon in 

tinuous pattern chosen, place two lines of 

cats) are more likely to be associated with death 

suture (one on each side of bowel) so as not 

after surgery (Felts et al. 1984). 

to create purse- string effect that could occur 

iii)  Prognosis  after  uncomplicated  reduction  or 

if single line of continuous suture used. 

resection  and  anastomosis  of  small  intestinal 

2)  Stapled  anastomotic  techniques  also 

intussusception is good (Levitt and Bauer 1992; 

described— limited information in cats. 

Lewis and Ellison 1987; Wilson and Burt 1974)

ix)  After anastomosis, suture line checked for leaks 

1)  Recurrence  possible  (typically  proximal  to 

and  additional  sutures  placed  to  correct  any 

initial  intussusception)— most  often  within 

defects. 

3 days postoperatively, possible up to several 

x)  Mesenteric defect repaired with simple contin-

weeks postoperatively. 

uous  suture  pattern— long-  or  intermediate- 

J)  Possible complications

lasting absorbable monofilament suture

a)  Septic peritonitis due to dehiscence of anastomosis/

1)  Avoid blood vessels in mesentery. 

enterotomy site
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i)  Reported rate: 7–16% of dogs and cats (Ralphs 

1)  Discontinuation of opioids (particularly full 

et al. 2003; Wylie and Hosgood 1994). 

μ- agonists). 

ii)  Cats may be less likely to develop postoperative 

2)  Frequent  small  feedings  of  bland,  low- 

peritonitis  after  intestinal  surgery  than  dogs 

fat diet. 

(Ralphs et al. 2003). 

3)  Encouraging  early,  frequent  mobility/

iii)  Clinical signs (vomiting, abdominal pain, inap-

ambulation. 

petence, and lethargy) most commonly 2–5 days 

4)  Placement  of  nasogastric  tube  if  persistent 

postoperatively. 

inappetence or regurgitation

iv)  Approximately 50% mortality rate if intestinal 

–  If  inappetence  without  regurgitation: 

dehiscence  and  septic  peritonitis  develop 

trickle feed (CRI) with low- fat diet, begin-

(Adams et al. 2010; Ralphs et al. 2003). 

ning  at  25%  resting  energy  requirement 

b)  Adhesions

(RER) and increasing by 25% RER each 

i)  Can increase risk for recurrent GI obstructions. 

day to 100% RER. 

c)  Short- bowel  syndrome— malabsorption  and  mal-

–  If regurgitation: aspiration of gastric con-

nutrition after extensive resection of small intestine

tents  q6–8h;  do  not  begin  feeding  until 

i)  Main clinical findings: persistent diarrhea and 

12–24 hours without regurgitation. 

progressive weight loss. 

5)  Prokinetics: metoclopramide 2 mg/kg/day IV 

ii)  Variable length of intestinal resection required 

CRI, cisapride 0.5–1 mg/kg PO q8h, and mir-

to cause this syndrome in dogs (50% small intes-

tazapine 3–4 mg PO q72h. 

tinal  resection  resulting  in  short- bowel  syn-

6)  Antiemetics:  ondansetron  0.5–1 mg/kg  IV 

drome  in  some  dogs)— limited  information 

q8–12h,  maropitant  1 mg/kg  IV  q24h,  and 

in cats. 

metoclopramide 2 mg/kg/day IV CRI. 

d)  Ileus

7)  Appetite  stimulants:  mirtazapine  3–4 mg 

i)  Common in small animals postoperatively. 

PO q72h. 

ii)  Clinical  signs:  abdominal  pain,  regurgitation, 

8)  If  regurgitation:  pantoprazole  1 mg/kg  IV 

vomiting, inappetence, and abdominal distention. 

q12h and sucralfate 0.5–1 g in 4–5 ml water 

iii)  Multiple treatment strategies

slurry PO q8h. 
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 42.2  Emergency Urinary Surgery

UNIQUE FEATURES



● Urethral obstruction has been reported in 15–58% of male cats with lower urinary tract disease. Urethral obstruction in male cats most often occurs within the distal third of the urethra. 



● Perineal urethrostomy may be indicated for male cats with recurrent urethral obstruction. 



● Uroliths are documented in 21% of cats with clinical signs of lower urinary tract disease. The most common uroliths in cats include struvite and calcium oxalate. 



● Ureteral obstruction is also common in cats and should be considered a major differential diagnosis whenever azotemia is noted. 

A)  Common  indications  for  emergency  urinary  sur-

iii)  Animals with ruptured bladder may still be able 

gery in cats

to  urinate  and  may  have  palpable  bladder 

a)  Urethral obstruction

(Aumann et al. 1998). 

i)  Urethral obstruction is common in male cats— 

C)  Diagnostic tests

reported in 18–58% of male cats with lower uri-

a)  Urethral obstruction

nary tract disease (Johnston 2017; Lekcharoensuk 

i)  Biochemistry panel

et al. 2002). 

1)  Azotemia. 

ii)  In cases of recurrent urethral obstruction despite 

2)  Hyperkalemia. 

appropriate  management  for  feline   idiopathic 

3)  Hypercalcemia as risk factor for formation of 

cystitis, perineal urethrostomy may be indicated. 

calcium oxalate stones (Midkiff et al. 2000). 

b)  Uroperitoneum

ii)  Urinalysis

i)  Bladder  rupture  secondary  to:  trauma,  severe 

1)  pH  and  crystal  formation— these  can  help 

cystitis, bladder neoplasia, urethral obstruction, 

support prediction of urolith type

or iatrogenically following bladder surgery, cys-

–  pH  generally  higher  with  struvite  stones 

tocentesis, catheterization, or manual expression. 

and  lower  with  calcium  oxalate  and 

ii)  Urinary bladder is the most common site of uri-

urate stones. 

nary  tract  rupture  following  trauma  (Aumann 

iii)  Urine culture— always indicated if urolithiasis. 

et al. 1998). 

iv)  Radiographs

B)  Common  clinical  signs  and  physical  examination 

1)  Struvite and calcium oxalate generally radio-

findings

paque; may not be able to visualize urate, cys-

a)  Urethral obstruction

tine, calcium phosphate, and dried solidified 

i)  Clinical signs

blood uroliths (Weichselbaum et al. 1999). 

1)  Hematuria, pollakiuria, stranguria, and dysu-

2)  May not be able to visualize urethral calculi. 

ria  progressing  to  stranguria  without  urine 

v)  Most  sensitive  techniques  for  detection  of 

production. 

calculi:  ultrasound,  pneumocystography,  and 

2)  Progressive lethargy. 

double- contrast  cystography  (Weichselbaum 

3)  Vomiting. 

et al. 1999)

ii)  Physical examination

1)  If cystic calculi are diagnosed, one or more of 

1)  Turgid, enlarged, painful urinary bladder. 

these techniques should be used to assess for 

2)  Hypothermia if azotemic. 

presence of uroliths in other locations (ure-

b)  Uroperitoneum

thra, ureters, and kidneys). 

i)  Clinical signs

b)  Uroperitoneum

1)  Hematuria, anuria, and dysuria. 

i)  Abdominocentesis  with  simultaneous  periph-

2)  Abdominal bruising. 

eral blood sample— diagnosis made by:

3)  Vomiting. 

1)  Abdominal  creatinine  greater  than  serum 

4)  Lethargy. 

creatinine. 

ii)  Physical examination

2)  Abdominal  potassium  greater  than  serum 

1)  Abdominal pain, distention, and bruising. 

potassium. 

2)  Signs of shock. 

3)  Intracellular  bacteria  on  cytology— septic 

3)  May or may not have palpable bladder. 

peritonitis. 
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ii)  Abdominal ultrasound

v)  If unable to dislodge obstruction, may need to per-

1)  Assess for concurrent injuries after trauma 

form urethrotomy or urethrostomy immediately 

(such  as  diaphragmatic  hernia),  confirm 

proximal to obstruction— delay these procedures 

presence  of  abdominal  effusion,  guide 

until after stabilization, with cystostomy tube used 

abdominocentesis,  and  assess  urinary  tract 

for transient urinary diversion if needed. 

to provide information regarding suspected 

vi)  Medical  therapy  for  dissolution  of  struvite, 

source of urinary tract rupture. 

urate, and cystine cystoliths may be all that is 

iii)  Abdominal radiographs

needed if composition of calculi is known

1)  Decreased serosal detail. 

1)  Calcium oxalate and silicate stones require 

2)  Small or absent urinary bladder. 

removal. 

iv)  Positive contrast retrograde urethrocystogram— 

2)  However, risk of re- obstruction with medi-

consider  if  fluid  is  intraperitoneal  (not 

cal management. 

retroperitoneal)

vii)  Methods of retrieval of cystic calculi

1)  Determine  site  of  urinary  tract  rupture 

1)  Catheter- assisted  retrieval  (Lulich  and 

(bladder and/or urethra). 

Osborne 1992)

2)  Fluoroscopy can be useful to help detect the 

–  Only for very small cystoliths suspended 

site  of  leakage  via  continuous,  real- time 

in urine. 

imaging. 

2)  Transurethral cystoscopic retrieval. 

v)  IV urogram— if urethra and bladder are normal 

3)  Voiding hydropropulsion (Lulich et al. 1993)

on  positive  contrast  urethrocystogram  and/or 

–  Only if uroliths are smooth and smaller 

retroperitoneal  effusion  without  peritoneal 

than urethral diameter. 

effusion

–  May not be successful in removal of all 

1)  Determine site of urinary tract rupture (kid-

uroliths. 

neys and ureters). 

–  Should  be  performed  under  general 

2)  Main possible complication is potential for 

anesthesia. 

nephrotoxicity with IV contrast administra-

–  Technique: prop patient upright and gently 

tion  (poorly  described  in  veterinary 

express  bladder  manually  in  effort  to 

medicine). 

express small stones in urine concurrently. 

D)  Preoperative considerations

4)  Lithotripsy— not well documented in cats. 

a)  Urethral obstruction

5)  Cystotomy

i)  Complete  urethral  obstruction  is  an  emer-

–  Indicated if underlying cause requires sur-

gency— if  obstruction  not  alleviated,  uremia 

gery or if other methods of calculi removal 

and death develop; prolonged urethral obstruc-

or  medical  treatment  are  inappropriate, 

tion and secondary bladder distention can cause 

unavailable, or not successful for the cat. 

permanent loss of detrusor function. 

b)  Uroperitoneum

ii)  Causes  of  urethral  obstruction:  uroliths,  ure-

i)  Typical  metabolic  abnormalities:  azotemia, 

thral plugs, neoplasia, granuloma, bladder dis-

metabolic acidosis, and hyperkalemia. 

placement  or  herniation,  stricture,  trauma, 

ii)  Medical  emergency  that  requires  stabilization 

prostatic disease, and idiopathic

before anesthesia and surgery. 

1)  Uroliths present in 21% of cats with clinical 

iii)  Important  to  assess  for  concurrent  injuries  in 

signs of lower urinary tract disease (Kruger 

trauma patients (such as hemoperitoneum, rib 

et al. 1991). 

fractures, pleural effusion, pneumothorax, pul-

2)  Most  common  uroliths  in  cats:  struvite 

monary contusions, and diaphragmatic hernia). 

(magnesium  ammonium  phosphate)  and 

iv)  Fluid therapy and urine drainage often result in 

calcium oxalate. 

improved  hydration  and  decreased  azotemia 

iii)  Urethral  obstruction  in  male  cats  typically 

(Aumann et al. 1998). 

occurs within distal third of urethra. 

v)  Methods for urinary diversion

iv)  Majority  of  urethral  calculi  and  plugs  can  be 

1)  Indwelling urethral catheter. 

flushed into bladder by retrograde urohydropro-

2)  Closed abdominal drain. 

pulsion  and  subsequently  retrieved  via  cystot-

3)  Cystostomy  tube— indicated  if  trauma  pre-

omy if indicated. 

vents urethral catheterization. 

[image: Image 166]
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c)  Cystostomy tube indicated if need for urinary diver-

iii)  Most  commonly  placed  surgically  via  ventral 

sion or to avoid distention of bladder

midline  celiotomy;  percutaneous  placement 

i)  Indications for transient cystostomy tube (more 

also described. 

common in emergency setting)

d)  Perineal urethrostomy (Figure 42.2.1)

1)  Aid in stabilization of patient with lower uri-

i)  Various  techniques  described— Wilson  and 

nary  tract  obstruction  or  bladder/ure-

Harrison  technique  most  commonly  used 

thral trauma. 

(Wilson and Harrison 1971)

2)  Following  bladder  or  urethral  surgery— if 

1)  Penis  freed  of  pelvic  attachments,  urethra 

indicated  to  relieve  distention  of  urinary 

transected proximal to penis, and pelvic ure-

tract during healing process. 

thra sutured to perineal skin. 

ii)  Indications  for  long- term/permanent  cystos-

ii)  Can  perform  in  dorsal  recumbency  or  sternal 

tomy tube

recumbency— dorsal  recumbency  advanta-

1)  Obstructive  bladder  neck  or  urethral 

geous when cystotomy also indicated to remove 

neoplasia. 

uroliths from bladder (can perform cystotomy 

2)  Neurogenic bladder atony. 

without repositioning/redraping). 

a

b

c

d

e

f

g

h

Figure 42.2.1  Perineal urethrostomy (cat in ventral recumbency). (a) A urinary catheter is placed prior to making an incision, and the region of the penis and scrotum are draped into the surgical field. (b) An elliptical incision is made around the penis and scrotum. 

(c) The subcutaneous tissues surrounding the urethra are bluntly and sharply dissected, and self- retaining retractors are placed to improve visualization. (d) The ischiourethralis muscles are dissected free from the ischium. (e) Dissection around the urethra is continued cranially until the bulbourethral glands are visualized. (f) When the cranial extent of the urethra has been established, the dorsal aspect of the urethra is incised, and three stay sutures are placed at the cranial- dorsal extent of the incision to appose the urethral mucosa to the skin. (g) After completion of the urethrostomy closure, the skin is closed, and the penis is amputated. 

(h) Perineal urethrostomy has been completed. A “draining board” of urethral mucosa can be seen dorsal to the skin closure. 
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iii)  Important  to  obtain  urethral  access  (via  ure-

iii)  Nonabsorbable  suture  and  staples  are 

thral catheter or hydrophilic guidewire) prior to 

contraindicated. 

procedure— facilitate  identification  of  urethra 

iv)  Polydioxanone  and  polyglyconate  are  accepta-

for  dissection  and  decrease  risk  of  iatro-

ble  choices  for  bladder  closure  in  most 

genic trauma. 

patients— should consider use of longer- lasting 

1)  If cat still has urethral obstruction at time 

absorbable  suture  (polydioxanone)  in  cases  of 


of  surgery  and  unable  to  pass  urethral 

trauma,  neoplasia,  and  infection  where  tissue 

catheter  via  retropulsion,  can  attempt 

healing  may  be  abnormal  and  breakdown  of 

fluoroscopically guided percutaneous ante-

suture tensile strength may occur more rapidly. 

grade  urethral  catheterization  (Holmes 

v)  3- 0  or  4- 0  suture  typically  adequate  for  most 

et al. 2012)

feline bladders. 

–  If this is not successful, can make trans-

e)  Suture pattern for urinary bladder

verse  incision  approximately  50–75%  of 

i)  Many  suture  patterns  reported— no  consistent 

the  width  of  the  urethra  at  the  level  of 

evidence for preferred technique. 

penile amputation, then attempt to pass 

ii)  Submucosal  layer  of  bladder  wall  is  strength- 

guidewire/urethral catheter proximally— 

holding  tissue— important  to  grasp  this  tissue 

this  will  typically  allow  for  bypassing 

layer during closure. 

majority of the urethral obstruction. 

iii)  Full- thickness closure controversial

iv)  Place purse- string suture in anus pre- operatively 

1)  Ideal  to  not  penetrate  through  mucosa  into 

to prevent contamination of surgical field. 

bladder lumen with suture (risk of nidus for 

v)  Surgical loupes advantageous in dissection and 

calculi  formation  and  exposing  suture  to 

suturing of urethrostomy. 

infected urine), but also important to engage 

E)  Intraoperative considerations

submucosal layer in suture bites

a)  Prophylactic antimicrobials

iv)  No difference in outcomes between single- layer, 

i)  Surgery  involving  entry  into  bladder  without 

full- thickness,  simple  continuous  or  simple 

infected  urine:  clean- contaminated,  infection 

interrupted  appositional  pattern  and  two- layer 

rate approximately 5%

(mucosa–submucosa  and  muscularis–serosa), 

1)  Administration  of  prophylactic  antibiotics 

continuous  pattern  with  inverting  pattern 

does  not  reduce  infection  risk  unless  pro-

(Cushing or Lembert) externally. 

longed  duration  of  surgery/anesthesia 

f)  Gentle tissue handling of bladder important. 

(Brown et al. 1997). 

g)  Augmentation  of  closure  via  omentalization 

ii)  Prophylactic antibiotics should be considered if: 

recommended— place  omentum  over  cystotomy 

urinary tract obstruction, urine leakage, trauma, 

site prior to abdominal closure (no need to tack in 

or renal failure. 

place with suture). 

iii)  If  prophylactic  antibiotics  used,  should  choose 

h)  Leak test may be performed following closure, with 

broad- spectrum, bactericidal antibiotic that is not 

subsequent correction of any remaining defects. 

nephrotoxic: ampicillin/sulbactam (30–50 mg/kg 

i)  Can use 25- gauge needle and syringe with sterile 

IV  every  90–120 minutes)  or  third- generation 

saline or flush via retrograde urethral catheter— 

cephalosporin  (ceftazidime  30 mg/kg  IV  every 

digitally compress bladder trigone region to ena-

90–120 minutes). 

ble bladder filling and leak testing. 

iv)  If urinary tract infection present, course of anti-

i)  Should place active, closed peritoneal drain (such as 

biotics  is  indicated  peri-  and  post- operatively 

a Jackson- Pratt drain) in cases of uroperitoneum to 

and ideally based on culture results. 

allow for continued drainage post- operatively. 

b)  Sponge  count  should  be  performed  pre-  and 

j)  Obtain  samples  from  abdomen  (before  and/or 

post- operatively. 

after  lavage)  to  submit  for  culture  in  cases  of 

c)  Normal  bladder  heals  quickly— full- thickness 

uroperitoneum. 

defects regain 100% of normal tissue strength within 

k)  Uroperitoneum considerations— extent of resection

14–21 days (Hastings et al. 1975). 

i)  Need  to  resect  all  nonviable  bladder;  however, 

d)  Suture material for urinary bladder

neurovascular  supply  to  bladder  enters  trigone 

i)  Many  absorbable,  synthetic  suture  materials 

from  dorsal  aspect— if  possible  to  not  include 

may be adequate for bladder closure. 

this  area  in  cystectomy,  less  risk  for  urinary 

ii)  Monofilament suture recommended. 

incontinence and ischemic complications. 

[image: Image 167]
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ii)  Extent of resection and association with urinary 

incontinence,  pollakiuria,  and  bladder  filling 

capacity  has  not  been  reported  or  described  in 

cats to date. 

F)  Surgical procedure: cystotomy

a)  Ventral  midline  laparotomy  incision  made  from 

umbilicus to pubis. 

b)  Bladder  isolated  from  abdomen  with  moistened 

laparotomy pads. 

a

c)  Stay suture placed in bladder apex. 

i)  Should perform ventral cystotomy

ii)  No  difference  in  incidence  of  urine  leakage, 

adhesion  formation,  or  calculi  formation  for 

ventral and dorsal incisions. 

iii)  Ventral  cystotomy  is  easier  to  perform  and 

allows for visualization with decreased risk of 

iatrogenic  damage  to  ureteral  openings 

(Crowe 1986; Desch II and Wagner 1986). 

d)  Cystotomy incision performed near midline, but in 

b

less vascular region. 

e)  Stab  incision  made  into  bladder  with  #11  or  #15 

Figure 42.2.2  A technique for obtaining retrograde access to scalpel blade— residual urine and blood suctioned 

the urethra intraoperatively in cats (Cr = cranial, Cd = caudal). 

(a) After cystotomy, a urinary catheter is passed antegrade from 

from bladder. 

the bladder (*) out of the urethra. (b) A second catheter (white 

f)  Extend incision cranially and caudally as needed. 

arrow) has been sutured to the catheter that was passed 

g)  Place stay sutures at both edges of cystotomy inci-

antegrade (black arrow). The antegrade catheter is then pulled 

sion to allow retraction for visualization and palpa-

retrograde out of the bladder allowing for positioning of the 

second catheter into the urethra. 

tion of bladder lumen. 

h)  Cystotomy for urolithiasis

i)  Important to inspect and palpate entire mucosal 

2)  Should perform 3 retrograde flushes with no 

surface of bladder to ensure no calculi are missed. 

additional retrieval of calculi prior to closure. 

ii)  Should  aseptically  prepare  and  drape  pre-

3)  Should  use  digital  palpation  and  bladder 

puce/vulva

spoons of various sizes for retrieval of calculi 

1)  Males:  urethra  is  catheterized  and  flushed 

and debris. 

retrograde  intraoperatively  to  ensure 

iv)  Should compare the number and size of cal-

removal of all calculi. 

culi  visible  preoperatively  on  imaging  with 

2)  Females: antegrade catheterization. 

the  number  and  size  of  stones  removed  at 

3)  To  obtain  retrograde  catheter  access  for 

surgery. 

flushing (for both male and female cats): can 

v)  Stones should be handled with sterile technique 

pass  red  rubber  catheter  (5  French  or 

and  stored  in  sterile  container  for  submission 

smaller)  in  antegrade  fashion  out  through 

for stone analysis and culture. 

prepuce/vulva,  then  tie  distal  end  of  red 

1)  Bladder closure as described and subsequent 

rubber catheter to distal end of Slippery Sam 

routine abdominal closure. 

or Tomcat catheter via 4- 0 or 5- 0 monofila-

G)  Surgical procedure: cystectomy

ment suture with approximately 1–2 cm gap 

a)  Typically ventral midline celiotomy extending from 

between  catheter  ends;  can  subsequently 

xiphoid to pubis to allow for complete abdominal 

pass Slippery Sam or Tomcat catheter retro-

exploration. 

grade for flushing (Figure 42.2.2). 

b)  Preparation similar to cystotomy: bladder isolated 

iii)  Essential to repeatedly flush the urethra in a ret-

with  moistened  laparotomy  sponges  and  stay 

rograde  fashion  while  applying  suction  at  the 

sutures placed in the bladder. 

bladder neck to ensure removal of all calculi

c)  Entrance site into the bladder via stab incision with 

1)  Cystic  calculi  fall  into  proximal  urethra 

#11 blade is variable and depends on location of 

when patient positioned for celiotomy. 

diseased bladder tissue. 

[image: Image 168]
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d)  All nonviable or diseased bladder tissue should be 

leakage,  provide  means  for  transient  urine 

resected— typically use Metzenbaum scissors after 

drainage  if  obstruction,  and  transport 

initial stab incision. 

patient when stable to facility where ureteral 

e)  If  a  large  amount  of  bladder  is  resected,  bladder 

surgery can be performed. 

may be closed over cystostomy tube or Foley ure-

g)  Similar closure as cystotomy, but interrupted appo-

thral catheter to provide decompression in immedi-

sitional sutures may be helpful in closing irregularly 

ate postoperative period. 

shaped bladder after partial cystectomy. 

f)  If cystectomy includes one or both ureteral orifices, 

H)  Procedure:  cystostomy  tube  (surgical  placement— 

ureter  can  be  transected  and  reimplanted  into 

Figure 42.2.3)

remaining bladder wall

a)  Ventral midline celiotomy. 

i)  If no capabilities of performing ureteral reim-

b)  8–14  Fr  Foley  or  mushroom- tipped  catheter  (de 

plantation  after  cystectomy  involving  ureteral 

Pezzer) placed for transient use

orifices, consider appropriate closure of all uri-

i)  Foley catheters retained in bladder via inflation 

nary  structures  (bladder  and  ureters),  leave 

of  bulb  with  saline— not  indicated  for  long- 

suture  tag  on  ureteral  end  to  help  future  sur-

term use as balloon can deflate over time. 

geon find this structure, and place nephrostomy 

ii)  De  Pezzer  catheters  retained  in  bladder  via 

tube for temporary urine drainage until patient 

distal- tip  shape— stiff  stylet  required  to  place 

able to be transported to facility where ureteral 

and remove this catheter. 

surgery can be performed

c)  Purse- string  suture  (absorbable,  monofilament 

1)  Ideally  do  not  perform  cystectomy  at  all  if 

suture) placed in bladder. 

potential need for transection of ureterovesi-

d)  Small stab incision made in center of bladder purse- 

cal  junction(s)— repair  any  sites  of  urine 

string suture. 

a

b

c

d

e

f

Figure 42.2.3  Placement of a cystostomy tube for urine drainage. (a) After a ventral midline celiotomy, the bladder is isolated, and a purse- string suture (*) is pre-placed in the location where the cystostomy tube will be placed. A #11 scalpel blade is inserted into the center of the purse- string suture to make a stab incision into the bladder. (b) A hemostat is pushed into the internal abdominal wall, and a scalpel blade is used to incise the skin over the tips of the hemostat, allowing the hemostat to be exteriorized. (c) The cystostomy tube is passed into the abdomen by grasping the end with the exposed tips of the hemostat. (d) The end of the cystostomy tube is passed into the hole in the bladder, and the purse- string suture is closed down around the cystostomy tube being sure to securely close the bladder around the tube but not compress the tube, which could result in obstruction. (e) The bladder is then pulled into apposition with the internal abdominal wall, and a box suture pattern (white arrow) is used to secure the bladder to the internal abdominal wall. (f) The abdomen is closed, and the cystostomy tube is secured to the skin with a purse- string at the skin surface and a finger- trap suture pattern. 
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e)  Paramedian  stab  incision  in  abdominal  wall  – 

–  If urethral diameter does not allow this, 

— cystostomy tube passed through this. 

further dissection proximally (to level of 

f)  Distal end of cystostomy tube placed into bladder 

bulbourethral glands) should be pursued. 

through stab incision. 

x)  Urethrostomy

g)  Purse- string  suture  tightened  around  cystos-

1)  Precise,  tension- free  apposition  of  urethral 

tomy tube. 

mucosa and skin is imperative. 

h)  Four  nonpenetrating  interrupted  sutures  placed 

2)  4- 0  or  5- 0  monofilament  suture  on 

between  bladder  and  corresponding  abdominal 

tapered needle

wall to create cystopexy. 

–  Absorbable  or  non- absorbable  suture 

i)  External tube secured to body wall via purse- string 

acceptable  (Agrodnia  et  al.  2004)— if 

and finger- trap friction suture. 

non- absorbable  suture,  typically  need 

j)  Cystostomy tube subsequently attached to a closed 

sedation for removal after healed. 

collection system or closed without a collection sys-

–  Simple continuous or simple interrupted 

tem and bladder can be intermittently drained. 

pattern acceptable (Agrodnia et al. 2004), 

I)  Surgical  procedure:  perineal  urethrostomy  (Figure 

but  should  have  several  simple  inter-

42.2.1)

rupted sutures dorsally. 

a)  Technique in sternal recumbency

3)  Should pre-place interrupted sutures dorsal y 

i)  Hindquarters elevated via a perineal stand with 

(10 through 2 o’clock positions)

tail elevated dorsally and secured. 

–  Dorsal  sutures  are  the  most  critical— 

ii)  Sterile semi- rigid urethral catheter placed prior 

important  to  maximize  stoma  size  and 

to surgery. 

prevent urine leakage/extravasation. 

iii)  Elliptical incision circumscribing scrotum and 

4)  May also be helpful to pre-place interrupted 

prepuce— intact male cats should be castrated 

sutures  1–1.5 cm  distal  to  these  dorsal 

through this incision concurrently. 

sutures on each corner of the “washboard” 

iv)  Dissection dorsal to the penis should be mini-

to assist with proper orientation. 

mized to preserve neurovascular supply. 

5)  Remaining  mucocutaneous  sutures  via 

v)  Ventral  penile  ligament  (between  penis  and 

simple  interrupted  or  continuous  pattern 

pubis) is sharply transected and elevated. 

(if  continuous,  one  suture  line  down 

vi)  Ischiourethralis  muscles  transected  at  level  of 

each side). 

ischial  attachments— via  scissors,  electrocau-

6)  Encircling  or  transfixing  ligature  placed 

tery, or periosteal elevator

around distal penis before transection, and 

1)  Can  have  increased  hemorrhage  if  muscle 

interrupted  sutures  subsequently  placed  to 

transected mid- body. 

appose distal urethral mucosa to skin. 

vii)  Retractor penis muscle (or remnant in castrated 

xi)  Any remaining skin/tissue dorsal and ventral to 

males) excised on dorsal aspect of penis. 

urethrostomy is closed in routine fashion. 

viii)  Dissection  should  be  continued  cranially  and 

b)  Technique in dorsal recumbency— allows for simul-

proximally  until  paired  bulbourethral  glands 

taneous  access  to  urinary  bladder  (cystotomy)  if 

are identified

indicated

1)  Adequate dissection: urethra and bulboure-

i)  Positioned  in  dorsal  recumbency  with  rolled 

thral glands at level of skin incision without 

towel/padding  under  pelvis  and  pelvic  limbs 

retracting into pelvis. 

secured cranially to rotate perineal region upward

2)  Caution  with  dorsal  dissection— excessive 

1)  Should  avoid  excessive  traction/abduction 

dissection at dorsal aspect (where neurovas-

of pelvic limbs— can cause excessive tension 

cular structures enter) can result in urinary 

at surgical site. 

incontinence. 

ii)  If concurrent cystotomy, urethra can be cathe-

ix)  Urethra is incised on dorsal midline with #15 

terized  antegrade  and  retrograde  to  confirm 

blade  or  fine  scissors— extend  proximally  to 

patency prior to cystotomy closure. 

level of bulbourethral glands

iii)  Dissection and procedure similar to that in ster-

1)  Diameter of urethra: should be sufficiently 

nal recumbency. 

wide  enough  to  allow  insertion  of  5–8  Fr 

iv)  Accurate identification of dorsal aspect of ure-

catheter  or  Halsted- Mosquito  forceps  to 

thra (for urethral incision) is critical and can be 

level of hinge

challenging with this positioning. 
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J)  Postoperative considerations

iv)  If cat able to produce urine stream, should not 

a)  Following cystotomy for urolith removal, standard 

attempt to remove any blood clots or debris at 

of care to repeat appropriate imaging immediately 

urethrostomy site. 

postoperatively to confirm removal of all calculi

v)  Typically indwelling urethral catheter not left 

i)  Use  of  ultrasound  is  limited  by  free  peritoneal 

in  place  postoperatively— however,  if  ure-

gas postoperatively. 

throstomy  under  tension  or  excessive  swell-

b)  Consider  treatment  with  IV  fluids  at  rate  above 

ing,  can  place  Foley  catheter  for  1–3  days 

maintenance rate postoperatively to allow for diure-

postoperatively  in  an  effort  to  prevent  urine 

sis  and  urine  flushing  of  remaining  debris  from 

extravasation. 

bladder. 

f)  Prognosis for urethral obstruction and urolithiasis

c)  Appropriate analgesia and monitoring

i)  Good in short- term. 

i)  Initial  postoperative  analgesia  should  include 

ii)  Urolithiasis may recur unless underlying cause 

full  μ- agonist  such  as  fentanyl  1–5 μg/kg/h  IV 

is identified and treated appropriately (Albasan 

CRI, hydromorphone 0.05–0.1 mg/kg IV q4–6h, 

et al. 2009)

or methadone 0.1–0.2 mg/kg IV q4–6h. 

1)  No controlled studies that document recur-

ii)  Ideally transition from full μ- agonist to partial 

rence  rates  for  different  types  of  uroliths 

μ- agonist  (buprenorphine  0.01–0.02 mg/kg  IV 

in cats. 

or transmucosal q8–12h) and oral medications 

2)  In  all  cases,  increased  water  intake,  treat-

(such  as  gabapentin  10 mg/kg  PO  q8–12h) 

ment of obesity, and appropriate dietary or 

within 12–24 hours postoperatively if pain ade-

medical  therapy  for  urolith  prevention  are 

quately controlled. 

important to decrease risk of recurrence. 

iii)  Consider  non- steroidal  anti- inflammatory 

g)  Prognosis for uroperitoneum (Aumann et al. 1998)

drugs  (NSAIDs)  if  no  azotemia/renal  disease, 

i)  Good prognosis with generally complete recov-

gastrointestinal (GI) disease, or liver disease— 

ery if prompt repair of iatrogenic or uncompli-

NSAID options in cats:

cated traumatic bladder rupture. 

1)  Meloxicam  0.1 mg/kg  once  subcutaneously 

ii)  Prognosis  associated  with  extent/severity  of 

following extubation or PO when eating. 

concurrent injuries. 

2)  Robenacoxib 1 mg/kg PO every 24 hours for 

iii)  Guarded  prognosis  if  concurrent  septic 

3 doses (first dose can alternatively be given 

peritonitis. 

as 2 mg/kg subcutaneous injection following 

h)  Prognosis following perineal urethrostomy

extubation). 

i)  Relatively high short- term and long- term com-

iv)  Monitoring  should  include  assessment  of  uri-

plication rates reported. 

nation (volume, frequency, and stream) as well 

ii)  Typically good long- term functional outcome in 

as systemic health. 

cats  if  performed  appropriately  (Ruda  and 

d)  Cystostomy tube management

Heiene 2012)

i)  Important  to  keep  bandage  and  housing 

1)  Recurrence  of  feline  idiopathic  cystitis  or 

area clean. 

underlying  cause  of  urethral  obstruction 

ii)  Strict maintenance of aseptic technique when 

possible— important to continue treatment/

draining bladder or emptying collection system. 

management of underlying uropathy/feline 

iii)  Cystostomy  tube  must  remain  in  place  for  at 

idiopathic cystitis. 

least 7 days to allow secure adhesion formation 

iii)  If stricture of urethrostomy site or urine extrava-

between bladder and abdominal wall. 

sation, revision of urethrostomy may be indicated. 

iv)  After tube removal, urine may leak from stoma 

K)  Possible complications

for a few days. 

a)  Transient  hematuria  and  dysuria— reported  after 

e)  Following perineal urethrostomy

37–50% of cystotomies (Thieman- Mankin et al. 2012). 

i)  Important that Elizabethan collar is used for at 

b)  Uroperitoneum— occurs  in  <1.5%  of  cases  after 

least 3–4 weeks postoperatively to prevent trauma. 

cystotomy (Thieman- Mankin et al. 2012). 

ii)  Early postoperative period: non- clumping litter 

c)  Recurrent urethral obstruction

(shredded  paper  and  commercial  foam  litter) 

i)  Secondary to blood clots and debris shortly after 

recommended. 

bladder surgery. 

iii)  Petroleum  jelly  can  be  applied  to  peristomal 

ii)  Secondary to recurrence of urolith formation or 

region (if cat allows) to prevent urine scald. 

underlying disease process. 
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d)  Complications in 49% of animals (dogs and cats) fol-

L)  Upper urinary surgery: brief overview

lowing cystostomy tube placement (Beck et al. 2007)

a)  Ureteral  obstruction  is  common  in  cats— in  part 

i)  Inadvertent  tube  removal  or  displacement 

due  to  the  small  luminal  diameter  of  a  nonob-

from bladder. 

structed distal ureter in cats (approximately 0.4 mm) 

ii)  Iatrogenic trauma to surgical site/tube. 

(Berent  2011;  Hardie  and  Kyles  2004;  Kochin 

iii)  Breakage  of  distal  tip  of  catheter  during 

et al. 1993; Lanz and Waldron 2000; Slatter 2003). 

removal. 

b)  Diagnostic tests that can assist in diagnosis, progno-

iv)  Fistula formation after removal of tube. 

sis, and treatment plan include lab work (complete 

v)  Urine leakage around tube. 

blood  count,  biochemistry  panel,  and  urinalysis), 

vi)  Rectal prolapse secondary to straining associ-

abdominal radiographs, abdominal ultrasound, and 

ated with presence of tube. 

computed tomography (CT)

vii)  Inflammation of stoma. 

i)  Abdominal ultrasound more sensitive for local-

viii)  Hematuria. 

izing  ureterolith  than  radiographs  and  also 

ix)  Inadvertent  removal  of  urine  collection  bag 

allows  for  further  assessment  of  urinary  tract 

(such that system is open with increased risk 

(including  degree  of  ureteral  and  renal  pelvic 

for ascending infection). 

dilation) (Johnston 2017). 

x)  Tube obstruction. 

c)  After  ureteral  obstruction  identified,  important  to 

xi)  Bandage sores. 

medically stabilize patient preoperatively. 

xii)  Breakage of suture anchoring tube to skin. 

d)  Multiple  treatment  modalities  described  and  per-

xiii)  Urinary tract infection common if tube main-

formed with success in feline patients: ureteral stent 

tained long- term. 

placement,  subcutaneous  ureteral  bypass  device 

e)  Perineal urethrostomy

placement,  ureterotomy,  and  ureteral  reimplanta-

i)  Short- term  complication  rate  12.8–25%  (Bass 

tion (neoureterocystostomy)

et al. 2005; Ruda and Heiene 2012)

i)  Specialized equipment (including intraoperative 

1)  Stricture— typically  caused  by  excessive 

fluoroscopy  and  operating  microscopy)  often 

tension on stoma due to inadequate cranial 

important  for  these  procedures— typically  rec-

dissection (failure to free wider intrapelvic 

ommend referral to specialty center. 

urethra to level of bulbourethral glands). 

e)  Potential for long- term survival and good outcomes; 

2)  Urine extravasation— due to imprecise ure-

complications  also  possible  and  warrant  regular 

thral mucosa to cutaneous apposition

follow- up (Berent et al. 2018; Clarke 2018; Wormser 

–  Leakage of urine into subcutaneous tis-

et al. 2016)

sue can result in inflammation, fibrosis, 

i)  Difficult to predict outcome relative to extent of 

stricture, and tissue necrosis. 

improvement in creatinine postoperatively based 

3)  Hemorrhage. 

on preoperative azotemia level (Kyles et al. 1998). 

4)  Dehiscence. 

ii)  If unilateral ureteral obstruction with azotemia, 

ii)  Long- term  complication  rate  28%  (Bass 

cat must have bilateral renal disease (otherwise 

et al. 2005; Griffin and Gregory 1992)

should not be azotemic)— important to consider 

1)  Urinary tract infection. 

management for underlying renal disease long- 

2)  Recurrent feline idiopathic cystitis. 

term as well. 
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 42.3  Emergency Hepatobiliary Surgery

UNIQUE FEATURES



● Extrahepatic biliary obstruction in cats is most commonly due to a complex of inflammatory diseases such as pancreatitis, cholangiohepatitis, cholecystitis, hepatic lipidosis, and neoplasia. 



● Bile peritonitis is less common in cats as compared to dogs and is typically associated with trauma in cats. 



● Important anatomic differences between cats and dogs include:

Conjoined pancreatic duct and common bile duct that enters the major duodenal papilla in cats. 

Only approximately 20% of cats have an accessory pancreatic duct that enters at the minor duodenal papilla. 



● The prognosis for cats with extrahepatic biliary obstruction that undergo cholecystoenterostomy is generally considered guarded to poor. Choledochal stenting for treatment of extrahepatic biliary obstruction in cats is an effective strategy with potential for prolonged survival but a relatively high recurrence rate. 

A)  Common  indications  for  emergency  hepatobiliary 

C)  Diagnostic tests

surgery in cats

a)  Laboratory diagnostics (complete blood count, bio-

a)  Extrahepatic biliary obstruction

chemical panel, and urinalysis)

i)  Most  commonly  due  to  a  complex  of  multiple 

i)  Leukocytosis. 

inflammatory diseases in cats: pancreatitis, chol-

ii)  Anemia. 

angiohepatitis,  cholecystitis  (with  or  without 

iii)  Thrombocytosis. 

cholelithiasis), hepatic lipidosis, and neoplasia

iv)  Hypoalbuminemia. 

1)  In cats, the common bile duct and pancre-

v)  Elevated liver enzymes. 

atic duct enter the major duodenal papilla 

vi)  Hyperbilirubinemia. 

as  a  conjoined  structure— this  may  be 

vii)  Hypercholesterolemia. 

responsible for frequent occurrence of pan-

viii)  Bilirubinuria or bilirubin crystals in urine. 

creatic, hepatobiliary, and intestinal disease 

b)  Coagulation testing

in cats (Crouch 1969; Thune et al. 1990). 

i)  Coagulation disturbances highly variable in ani-

b)  Bile peritonitis

mals with extrahepatic biliary obstruction. 

i)  May also have septic peritonitis. 

c)  Peritoneal effusion cytology and culture (if effusion 

ii)  Less common in cats than dogs; usually associ-

present)

ated with trauma in cats (Bacon and White 2003). 

i)  Bile peritonitis: effusion bilirubin concentration 

c)  Cholelithiasis

≥  2  times  that  of  serum  and  bile  pigment  on 

i)  May be an incidental finding or uncommonly a 

cytology (Cowell et al. 1999; Ludwig et al. 1997). 

cause of clinically significant disease. 

ii)  Intracellular  bacteria  diagnostic  for  septic 

ii)  Most choleliths composed of calcium carbonate 

peritonitis. 

in cats (Eich and Ludwig 2002). 

d)  Abdominal radiographs

iii)  Most  common  indication  for  cholecystectomy 

i)  Decreased serosal detail if peritonitis. 

in cats (Simpson et al. 2021). 

ii)  Cranial  organomegaly;  possible  mass  effect  if 

d)  Hepatic  abscess/cyst  and  gallbladder  mucocele— 

abscess. 

very uncommon in cats (Bennett et al. 2007; Sergeeff 

iii)  Choleliths— approximately 80% of feline chole-

et al. 2004; Woods et al. 2012)

liths  are  radiopaque  (Eich  and  Ludwig  2002; 

i)  Pancreatic abscess— no feline reports. 

Mayhew et al. 2002)

B)  Common clinical signs and physical examination findings

1)  Causative  role  in  extrahepatic  biliary 

a)  Vomiting. 

obstruction  is  difficult  to  assess,  as  chole-

b)  Lethargy. 

liths can be an incidental finding. 

c)  Inappetence. 

e)  Abdominal  ultrasound— gold- standard  imaging 

d)  Acholic feces— if complete biliary obstruction. 

modality for assessment of extrahepatic biliary tract 

e)  Occasional diarrhea. 

(Gaillot  et  al.  2007;  Leveille  et  al.  1996;  Nyland 

f)  Abdominal pain. 

et al. 1989)

g)  Concurrent multisystemic trauma. 

i)  Distention  of  gallbladder,  common  bile  duct, 

h)  Icterus— if  serum  bilirubin  concentration  greater 

and hepatic ducts

than 1.5–2.0 mg/dl (Ettinger 2005). 

1)  Normal common bile duct diameter in cats: 

i)  Signs of shock. 

3–4 mm (Leveille et al. 1996). 
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2)  Early  sign  of  extrahepatic  biliary  obstruc-

c)  Risk for significant/life- threatening hemorrhage if 

tion:  common  bile  duct  distention— 

hepatic surgery performed. 

typically occurs within 48 hours. 

E)  Intraoperative considerations

3)  Hepatic  duct  distention  is  a  later  finding 

a)  Routine ventral midline celiotomy from xiphoid to 

with  extrahepatic  biliary  obstruction— 

pubis to allow for complete exploratory laparotomy. 

typically present within 1 week. 

b)  Sponge count pre- and post- operatively. 

4)  Ultrasound not able to definitively determine 

c)  Decision- making in extrahepatic biliary surgery

acute/active versus chronic obstruction. 

i)  Assess for patency of the common bile duct via 

ii)  Obstructive biliary lesions— often in region of 

ability to pass catheter and/or flush saline nor-

major duodenal papilla. 

mograde or retrograde

iii)  Choleliths. 

1)  If  patency  cannot  be  demonstrated,  con-

iv)  Evidence  of  concurrent  disease:  pancreatitis, 

sider cholecystoenterostomy. 

cholangiohepatitis, cholecystitis, hepatic lipido-

2)  If  patency  can  be  demonstrated  but  bio-

sis, and neoplastic lesions. 

chemical and imaging tests have confirmed 

v)  Possible peritoneal effusion. 

functional extrahepatic biliary obstruction, 

f)  Hepatobiliary scintigraphy, computed tomography 

consider biliary stenting

(CT), and magnetic resonance imaging (MRI) also 

–  Biliary  stenting  (commonly  performed 

described as additional imaging diagnostics. 

with a red rubber catheter and absorba-

D)  Preoperative considerations

ble  or  non- absorbable  monofilament 

a)  Stabilization of critical cases important prior to gen-

suture)  can  be  performed  in  cases  with 

eral anesthesia and surgery

potentially  reversible  disease  processes 

i)  Intravenous fluids. 

(such as pancreatitis), trauma to the com-

ii)  Possible fresh frozen plasma and/or vitamin K1 

mon bile duct, or as palliation in cases of 

supplementation  (2.2 mg/kg  SC  once,  then 

neoplasia. 

1.1 mg/kg  SC  q12h)— if  indicated  based  on 

ii)  Cholecystectomy  indicated  for  treatment  of 

coagulation testing. 

cholelithiasis,  gallbladder  neoplasia  or  trauma, 

iii)  Packed  red  blood  cells  if  needed  for  anemia; 

bile peritonitis with leakage solely from gallblad-

fresh  whole  blood  if  anemia  and  concurrent 

der, and gallbladder mucocele

coagulopathy. 

1)  Should first confirm patency of the common 

b)  Antibiotic administration

bile duct. 

i)  Bile is typically sterile, but positive bile cultures 

2)  Cholecystectomy  is  treatment  of  choice  for 

documented  in  30–50%  of  cats  with  extrahe-

excision  of  choleliths  and  prevention  of 

patic  biliary  obstruction  (Buote  et  al.  2006; 

recurrence (Eich and Ludwig 2002). 

Mayhew et al. 2002; Mayhew and Weisse 2008). 

–  Important to flush choledochal stones into 

ii)  Bacterial  flora  present  in  hepatic  tissue— 

gallbladder  and  confirm  patency  of  com-

generally enteric origin (Wagner et al. 2007). 

mon bile duct prior to cholecystectomy. 

iii)  Important to collect samples for bacterial cul-

d)  Important to consider that only approximately 20% of 

ture/sensitivity  testing  in  all  cases  of  bil-

cats have accessory pancreatic duct that enters a minor 

iary surgery

duodenal papilla (majority of cats only have pancre-

1)  Biliary samples more likely to result in posi-

atic  duct  that  conjoins  with  common  bile  duct  at 

tive  culture  than  hepatic  tissue  in  same 

major duodenal papilla) (Boyden 1957; Crouch 1969)

patient (Wagner et al. 2007). 

i)  Any  disease  or  surgery  that  affects  the  major 

iv)  Perioperative  antibiotics  generally  indicated 

duodenal papilla can disrupt exocrine pancreatic 

with  continued  IV  antibiotic  coverage  if  evi-

secretion in cats, and exocrine pancreatic insuf-

dence of infection

ficiency has been documented as a complication 

1)  Empirical  antibiotics  should  be  broad- 

of  major  duodenal  papilla  lesions  in  cats 

spectrum,  effective  against  enteric  Gram- 

(Tangner et al. 1982). 

negative  and  anaerobic  bacteria,  and 

e)  Choledochal catheterization and flushing of com-

potentially excreted via bile (Johnston 2017). 

mon  bile  duct— to  ensure  patency  of  common 

–  Examples:  ampicillin/sulbactam  30 mg/

bile duct

kg  IV  every  90–120 minutes  or  cefoxitin 

i)  Red  rubber  catheter— typically  3.5–5  French 

IV every 90–120 minutes. 

for cats. 
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ii)  Can perform normograde or retrograde

b)  Gallbladder  dissected  out  of  hepatic  fossa  before 

1)  Normograde  through  cholecystotomy  inci-

ligation of cystic duct

sion or cystic duct stump: can be challenging 

i)  Initial  sharp  transection  of  attachments 

to  pass  catheter  normograde  into  common 

between  gallbladder  wall  and  hepatic  capsule 

bile duct due to tortuosity of biliary system. 

may be useful in exposing plane for dissection. 

2)  Retrograde flushing (via small antimesenteric 

ii)  Combination  of  cotton- tipped  applicators  or 

duodenotomy) often preferred— less abdomi-

inner cannula of Poole suction tip can be used 

nal contamination, can also be used to leak 

to dissect gallbladder from hepatic fossa. 

test cystic duct following cholecystectomy

iii)  Hemorrhage controlled via encircling ligatures 

–  Avoid  entrance  into  pancreatic  duct— 

or  monopolar/bipolar  electrocautery;  minor 

conjoined ductal systems in cats. 

hemorrhage  from  hepatic  parenchyma  can  be 

3)  If  choledocholiths,  retrograde  common  bile 

controlled by application of Surgicel (oxidized 

duct  catheterization  can  also  be  used  to 

cellulose hemostatic agent). 

flush  choleliths  into  gallbladder  prior  to 

iv)  Should continue dissection to junction of cystic 

cholecystectomy. 

duct and common bile duct (where first hepatic 

f)  Most common biliary rerouting techniques: chole-

duct enters)

cystoduodenostomy and cholecystojejunostomy

1)  Important to preserve all hepatic ducts. 

i)  Common bile duct is typically too small and fri-

c)  Double ligation of cystic duct and artery via absorb-

able to perform choledochoduodenostomy. 

able suture material (typically 2- 0). 

ii)  Ideally  perform  cholecystoduodenostomy— 

d)  Cystic  duct  clamped  distal  to  ligatures  and  tran-

more physiologically appropriate (bile secretion 

sected  between  clamp  and  ligatures  in  order  to 

into proximal duodenum), but requires ability to 

remove  gallbladder  with  minimal  abdominal 

bring gallbladder into position adjacent to proxi-

contamination. 

mal  duodenum  without  excessive  tension  of 

e)  Cystic duct stump should be evaluated for any bile 

cystic duct or anastomosis site

leakage  or  hemorrhage  with  subsequent revision/

1)  If this is not possible, can make anastomosis 

treatment if observed. 

in proximal jejunum, which is typically more 

f)  Thorough local and general peritoneal lavage prior 

mobile than duodenum. 

to closure. 

g)  Choledochal stenting

g)  Gallbladder  should  be  submitted  for  histopathol-

i)  Most  common  indication:  treatment  of 

ogy;  gallbladder  wall  or  bile  sample  should  be 

temporary,  reversible,  extrahepatic  biliary 

submitted for aerobic and anaerobic culture. 

obstruction due to pancreatitis or cholangio-

G)  Surgical procedure: cholecystoenterostomy

hepatitis  (Mayhew  and  Weisse  2008,  Griffin 

a)  Gallbladder should be mobilized from hepatic fossa 

et al. 2021). 

via  blunt  dissection  with  Metzenbaum  scissors, 

ii)  Good  candidates:  preoperative  biochemical 

inner cannula of Poole suction tip, or cotton- tipped 

and/or imaging evidence of functional extrahe-

applicators. 

patic  biliary  obstruction,  stent  can  be  passed 

b)  Hemorrhage  controlled  via  encircling  ligatures  or 

across site of obstruction. 

monopolar/bipolar  electrocautery;  minor  hepatic 

iii)  Other possible indications: traumatic common 

parenchymal  hemorrhage  can  be  controlled  by 

bile duct injury with primary ductal repair and 

application of Surgicel. 

stent placement to support the repair, palliation 

c)  Avoid torsion of cystic duct and damage to cystic artery. 

of malignancy, and temporary drainage of bil-

d)  Cholecystoduodenostomy

iary system prior to definitive repair in critically 

i)  Mobilized  gallbladder  positioned  adjacent  to 

ill patients (Johnston 2017). 

antimesenteric border of proximal duodenum. 

h)  Place active, closed abdominal drain if bile peritoni-

ii)  May transect duodenocolic ligament to improve 

tis or septic peritonitis. 

duodenal  mobility  and  decrease  tension  on 

i)  Obtain  culture  samples  of  bile  and  choleliths  if 

anastomosis and cystic duct. 

present— submit for aerobic and anaerobic culture 

iii)  Incision along long axis of gallbladder— remove 

and sensitivity. 

bile with suction. 

F)  Surgical procedure: cholecystectomy

iv)  Duodenotomy  of  similar  length— use  same 

a)  Common bile duct patency should be ensured prior 

incision as that used for common bile duct cath-

to cholecystectomy. 

eterization and flushing if performed. 

[image: Image 169]
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e)  Cholecystojejunostomy

i)  Mobilize a loop of proximal jejunum and place 

gallbladder

adjacent to gallbladder lumen. 

hepatic

ii)  Incisions of similar length created in gallbladder 

duct

and antimesenteric jejunum. 

f)  Anastomosis  performed  via  two  rows  of  3- 0  or 

4- 0 monofilament absorbable suture on taper nee-

dle  in  a  simple  continuous  pattern  (two  separate 

cystic

common

patterns on each side to prevent purse- string effect)

duct

bile duct

i)  Mucosal apposition important to reduce stoma nar-

rowing/stricture formation (Tangner et al. 1982). 

ii)  Stoma should be as long as possible (> 2.5 cm)— 

pancreatic

duct

small  stoma  can  increase  risk  of  obstruction 

from stricture formation (Johnson and Stevens 

major

stomach

1969; Matthiesen 1989; Tangner et al. 1982). 

duodenal

pancreas

iii)  Use of 30 mm Endo GIA (Medtronic) has also 

papilla

been  described  for  anastomosis  (Morrison 

et al. 2008). 

H)  Surgical  procedure:  choledochal  stent  placement 

a

duodenum

(Figure 42.3.1)

a)  Antimesenteric duodenotomy over major duodenal 

papilla. 

b)  Catheterization of common bile duct via major duo-

denal  papilla  and  assess  patency— avoid  entrance 

into pancreatic duct

i)  Red rubber catheter (3.5–5 Fr) most commonly 

used to catheterize major duodenal papilla and 

common bile duct. 

ii)  Can  pass  small  hydrophilic  0.018–0.035 inch 

b

c

guidewire if difficult to pass small catheter. 

c)  If unable to pass catheter or guidewire, choledochal 

Figure 42.3.1  (a) Anatomy of the feline biliary system and 

stenting is not a viable treatment option— consider 

association with the duodenum. (b) To perform choledochal 

stent placement, a duodenotomy is performed on the 

cholecystoenterostomy. 

antimesenteric surface of the duodenum in the region of the 

d)  Stent size: largest stent that does not completely fill 

major duodenal papilla. (c) After flushing of the biliary system, a common bile duct lumen. 

red rubber catheter (or similar choledochal stent) is inserted 

e)  Cut  section  of  catheter  long  enough  to  bridge  con-

into the common bile duct. The catheter is transected leaving 

2–4 cm of catheter remaining in the duodenal lumen. The 

striction with 2–4 cm of stent remaining in duodenum. 

catheter is secured to the duodenal mucosa with 3- 0 or 

f)  Can cut several fenestrations in each end of stent. 

2- 0 monofilament suture in a simple interrupted pattern. 

g)  One end of catheter is passed into major duodenal 

papilla  and  across  area  of  common  bile  duct 

constriction. 

b)  Choledochal stent

h)  Catheter  is  sutured  to  duodenal  submucosa  with 

i)  Spontaneous passage of stent in feces possible; if 

two sutures of 2- 0 or 3- 0 monofilament suture

does not pass, consider removal 2- 4 months post- 

i)  Use  absorbable  suture  if  short- term  drain-

operatively  if  underlying  pathology  resolved 

age needed. 

(such  as  pancreatitis)  due  to  risk  of  future 

ii)  Use non- absorbable suture if long- term/perma-

obstruction  and  ascending  cholangiohepatitis 

nent palliation needed. 

(Johnston 2017). 

I)  Postoperative considerations

c)  Prognosis

a)  Continued fluid therapy, electrolyte, and acid- base 

i)  Limited data on hepatobiliary surgery and out-

monitoring  and  treatment,  nutrition,  antibiotic 

comes in cats. 

therapy  if  indicated,  and  abdominal  drainage  if 

ii)  Cats with extrahepatic biliary obstruction sec-

indicated. 

ondary  to  neoplasia  have  worse  prognosis 
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compared to those with chronic inflammatory 

ii)  Hemorrhage. 

disease (Buote et al. 2006). 

iii)  Pancreatitis. 

iii)  Overall  prognosis  for  cats  with  extrahepatic 

iv)  Recurrent biliary obstruction. 

biliary obstruction that undergo cholecystoen-

c)  Cholecystoenterostomy  (Buote  et  al.  2006; 

terostomy  generally  considered  guarded  to 

Matthiesen 1989; Mayhew et al. 2002)

poor  with  high  incidence  of  post operative 

i)  Duodenal/gastric ulceration

complications (Buote et al. 2006). 

1)  Especially  if  cholecystojejunostomy  per-

iv)  Choledochal  stenting  as  alternative  to  biliary 

formed,  as  presence  of  bile  in  duodenum 

diversion  for  treatment  of  extrahepatic  biliary 

important  in  gastric  acid  inhibition 

obstruction in cats— though greater morbidity 

(Pappalardo et al. 1982). 

seen with this treatment in cats than dogs and 

ii)  Stricture and narrowing of stoma

relatively  high  risk  for  recurrent  obstruction, 

1)  Can  predispose  to  obstruction  and  subse-

potential for prolonged survival (Mayhew and 

quent ascending cholangiohepatitis. 

Weisse 2008; Griffin et al. 2021). 

iii)  Ascending cholangitis. 

v)  Though  perioperative  complications  are  com-

iv)  Hemorrhage. 

mon, cholecystectomy in cats can result in good 

v)  Dehiscence. 

long- term outcomes (Simpson et al. 2021). 

vi)  Pancreatitis. 

J)  Possible complications

d)  Choledochal stent

a)  For all procedures, systemic complications related 

i)  Recurrence of obstruction (documented in 39% 

to  the  cat’s  underlying  disease  and  comorbidities 

of  cats  that  survived  to  discharge)  (Griffin 

are possible. 

et al. 2021). 

b)  Cholecystectomy

ii)  Ascending cholangiohepatitis. 

i)  Leakage of bile and subsequent bile peritonitis. 

iii)  Pancreatitis. 
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 42.4  Emergency Reproductive Surgery

UNIQUE FEATURES



● Though less common in cats than dogs, pyometra can occur. 



● Dystocia occurs in approximately 6% of queens. 



● For the majority of queens, the time between first and last kitten birth is less than 6 hours. However, in a small proportion of feline litters (less than 1%), parturition can be interrupted for up to 48 hours without being classified as dystocia. 



● Abdominal radiographs show fetal bone mineralization relatively earlier in cats (25–29 days prior to parturition) than dogs. 

A)  Common indications for emergency reproductive sur-

inappetence,  vomiting,  seclusion,  or  nesting 

gery in cats

behavior) to stage 2 (expulsion of each fetus) 

a)  Pyometra

labor within 24 hours. 

i)  Occasionally reported in cats (Kenney et al. 1987; 

3)  Failure  to  deliver  kittens  within  48 hours 

Lawler et al. 1993; Potter et al. 1991). 

after  drop  in  rectal  temperature  (below 

ii)  One report demonstrates that 2.2% of female cats 

100°F)— if  drop  in  rectal  temperature  is 

(including  both  intact  and  spayed)  developed 

observed  (unreliable  indicator  in  cats) 

pyometra  by  13 years  of  age  (median  age  of 

(Nelson and Couto 2014). 

4 years) (Hagman et al. 2014). 

4)  Time between first and last kitten birth is less 

b)  Dystocia

than  6  hours  in  86%  of  feline  parturitions 

i)  Incidence of approximately 6% in queens, with 

(Sparkes et al. 2006). 

purebred  cats  overrepresented  (Gunn- Moore 

–  In less than 1% of feline litters, parturition 

and Thrusfield 1995). 

can  be  interrupted  for  up  to  48 hours 

ii)  Result of fetal or maternal causes

(Sparkes et al. 2006)— this must be differ-

1)  Maternal cause reported in 67% of queens— 

entiated from dystocia. 

primary  uterine  inertia  as  most  common 

5)  Signs of toxemia (including weakness, inabil-

cause (Simpson et al. 1998). 

ity  to  stand,  tremors/seizures,  and  altered 

2)  Fetal malposition is most common fetal cause 

mentation). 

of dystocia (Simpson et al. 1998). 

6)  Abdominal contractions lasting greater than 

B)  Common  clinical  signs  and  physical  examination 

30 minutes without expulsion of a fetus. 

findings

ii)  Physical examination findings

a)  Pyometra

1)  Lochia without fetal delivery. 

i)  Most  common  clinical  signs  in  cats  (Kenney 

2)  Obstructed birth canal on vaginal palpation. 

et al. 1987)

3)  Abnormal fetal presentation. 

1)  Vaginal discharge. 

4)  Lack  of  abdominal  contractions  in  response 

2)  Anorexia. 

to vaginal stimulation (Ferguson reflex). 

3)  Lethargy. 

C)  Diagnostic tests

ii)  Lower urinary tract signs possible with concur-

a)  Pyometra

rent urinary tract infection. 

i)  Laboratory  diagnostic  tests  (complete  blood 

iii)  Abdominal pain. 

count, biochemistry panel, and urinalysis)

iv)  Dehydration. 

1)  Inflammatory leukogram with a significant 

v)  Hyperthermia. 

increase  in  total  white  blood  cells  and 

b)  Dystocia

left shift. 

i)  Clinical signs of dystocia

2)  Normocytic, normochromic, non- regenerative 

1)  Prolonged gestation

anemia. 

–  Average  normal  gestation  length  (from 

3)  Mild thrombocytopenia. 

mating  to  parturition)  in  cat  is  66 days 

4)  Hypoalbuminemia and hyperglobulinemia. 

(Lein and Concannon 1983). 

5)  Elevated liver enzymes and hyper bilirubinemia. 

2)  Lack of progression from stage 1 (uterine con-

6)  Azotemia. 

tractions  are  present  but  not  visible  with 

7)  Pyuria  and  bacteriuria  (urinary  tract 

behaviors  including  restlessness,  anxiety, 

infection). 

[image: Image 170]
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8)  Intraoperative  cystocentesis  recommended 

1)  Assist in diagnosis of fetal malposition, fetal 

to obtain urine for urinalysis and culture due 

death, and maternal pelvic obstruction

to  risk  of  preoperative  uterine  perforation/

–  Fetal death can manifest as fetal intravas-

rupture. 

cular gas within 6 hours of death; intrau-

ii)  Abdominal radiographs (Figure 42.4.1)

terine  free  gas  and  collapse  of  fetal 

1)  May detect enlarged uterus, but radiographs 

skeletons  occur  within  several  days  of 

are not sensitive or specific for diagnosis of 

fetal death (Farrow et al. 1976). 

pyometra (Feldman and Nelson 2004). 

2)  Ability to determine number of fetuses. 

2)  Decreased serosal detail with peritonitis. 

ii)  Abdominal ultrasound

iii)  Abdominal ultrasound (Figure 42.4.2)

1)  Less reliable than radiographs in determining 

1)  Superior  to  radiographs  for  diagnosis  of 

fetal  number,  but  allows  for  assessment  of 

pyometra (Johnston 2017). 

fetal viability (based on fetal heart beats) and 

2)  Uterine fluid, altered uterine wall thickness, 

fetal  hypoxemic  distress  (indicated  by 

and severe cystic changes possible. (Bigliardi 

decreased  fetal  heart  rates  below  150–180 

et al. 2004). 

beats/minute) (Toal et al. 1986). 

b)  Dystocia

D)  Preoperative considerations

i)  Abdominal  radiographs:  fetal  bone  mineraliza-

a)  Pyometra

tion typically evident 25–29 days prior to parturi-

i)  Ovariohysterectomy  is  generally  treatment  of 

tion  (37–41 days  after  mating)  in  cats  (Haney 

choice— rapid  recovery  and  minimal  risk  for 

et al. 2003)

recurrence. 

ii)  Preoperative stabilization

1)  Intravenous fluids to correct hydration, elec-

trolyte, and acid- base abnormalities. 

2)  Broad- spectrum intravenous antibiotics (such 

as ampicillin/sulbactam 30–50 mg/kg IV every 

90–120 minutes) should be initiated before sur-

gery (at time of anesthesia induction at latest). 

iii)  Ways  to  reduce  risk  of  uterine  rupture 

(Johnston 2017)

1)  Avoid preoperative cystocentesis. 

2)  Avoid vigorous abdominal palpation. 

3)  Perform  ovariohysterectomy  immediately 

Figure 42.4.1  A lateral radiograph of a cat with pyometra. 

There is reduced peritoneal detail centrally and ventrally. There 

after appropriate preoperative stabilization. 

is a ventral and caudal abdominal mass affect consistent with 

b)  Dystocia

an enlarged uterus, causing dorsal displacement of the intestines. 

i)  Assess  for  and  treat  electrolyte  abnormalities, 

hypoglycemia, and dehydration. 

ii)  If  contraindications  to  medical  management, 

cesarean section should be performed immedi-

ately (Johnston 2017)

1)  Greater  than  30 minutes  of  abdominal  con-

tractions without fetal expulsion. 

2)  Rectal  or  vaginal  palpation  findings  consist-

ent with obstruction. 

3)  Laboratory  diagnostic  tests  consistent  with 

systemic toxicity of queen (such as neutrope-

nia  or  neutrophilia,  hypoglycemia,  and  ele-

vated lactate). 

4)  Diagnostic  imaging  findings  consistent  with 

Figure 42.4.2  Single ultrasound image of an 8- year- old 

fetal malformation or malposition (any fetal 

Siamese cat with pyometra. There is mildly hyperechoic and 

position/posture  other  than  a  dorsosacral 

reactive mesentery throughout the caudal abdomen. Both 

uterine horns and the uterine body are moderately thickened 

position  with  the  fetal  neck  and  limbs  in 

and corrugated with loculations of mildly echogenic fluid. 

extension). 
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5)  Ultrasound  findings  of  severe  fetal  distress 

propofol, rapid intubation, and maintenance 

(i.e.,  fetal  heart  rates  below  150–180  beats/

at lightest anesthetic plane possible with iso-

minute). 

flurane (Johnston 2017). 

6)  Diagnostic  imaging  findings  of  uterine  tor-

6)  If  fetal  heart  rates  are  decreased,  should 

sion or rupture. 

administer  atropine  (0.02–0.04 mg/kg  IV  or 

7)  Failed medical management of primary uter-

IM)— glycopyrrolate  does  not  cross  the  pla-

ine inertia with two doses of oxytocin (2–5 IU 

cental barrier (Johnston 2017). 

given IM with a second dose given 20–30 min-

ii)  Surgery should be started soon after induction of 

utes after the first dose). 

anesthesia to minimize respiratory depression of 

8)  Lochia  (green  vaginal  discharge)  lasting 

neonates associated with isoflurane

greater than 4 hours. 

1)  Queen should be clipped and aseptically pre-

E)  Intraoperative considerations

pared for surgery before anesthetic induction, 

a)  Surgical approach

then moved to the operating room for induc-

i)  Sponge count pre- and post- operatively. 

tion  and  final  surgical  preparation 

ii)  Ventral midline celiotomy extending from mid-

(Slatter 2003). 

way  between  xiphoid  and  umbilicus  caudally 

2)  Surgery table can be tilted or patient can be 

to pubis

propped  with  abdomen  higher  than  head 

1)  Care  should  be  taken  during  linea  alba 

(Trendelenburg  position)  to  minimize  com-

incision  to  avoid  inadvertent  uterine 

pression  on  vena  cava  and/or  diaphragm 

incision. 

(Slatter 2003). 

iii)  Uterus should be isolated from abdomen with 

iii)  Cesarean section can be performed with or with-

moistened laparotomy sponges

out concurrent ovariohysterectomy. 

1)  Important to manipulate uterus with care— 

F)  Surgical  procedure:  ovariohysterectomy  for 

distended, friable, and at risk of rupture. 

pyometra

2)  Traction should be applied over broad areas 

a)  Routine  ovariohysterectomy  with  the  following 

of  the  uterus  rather  than  with  fingertips  to 

exceptions

prevent rupture. 

i)  Suspensory  ligament  is  often  stretched  due  to 

b)  Pyometra

weight  of  uterus— often  does  not  require 

i)  Obtain  urine  sample  intraoperatively  via 

stretching or transection. 

cystocentesis. 

ii)  Vessels in broad ligaments may be enlarged and 

c)  Dystocia

require ligation with 2- 0 or 3- 0 monofilament, 

i)  Anesthesia considerations— based on findings in 

absorbable suture or vessel- sealing device. 

canine  studies  (limited  information  regarding 

iii)  Ideally no clamps on uterus due to risk of lac-

feline cesarean section)

eration/rupture— if clamps are used, should be 

1)  Ketamine,  thiamylal,  and  thiopental— 

atraumatic (Doyen forceps). 

associated  with  decreased  neonatal  vigor 

iv)  Should not oversew uterine stump (Slatter 2003). 

(Moon- Massat and Erb 2002). 

v)  If  abdominal  contamination  or  generalized 

2)  Methoxyflurane  and  xylazine— increased 

peritonitis, should lavage peritoneal cavity with 

neonatal  mortality  rate  (Moon- Massat  and 

warm, sterile saline. 

Erb 2002). 

vi)  If residual contamination after copious lavage 

3)  Propofol and isoflurane— decreased neonatal 

or  significant  peritonitis,  may  require  closed, 

mortality rate (Funkquist et al. 1997). 

active drain placement (Mueller et al. 2001). 

4)  Local  analgesics  can  be  considered  to 

G)  Surgical procedure: cesarean section

reduce  systemic  anesthesia  and  analgesia 

a)  Cesarean section without ovariohysterectomy

in queen

i)  Ventral  midline  incision  into  body  of  uterus 

–  Incisional line block can be administered 

(hysterotomy) is made (Slatter 2003). 

preoperatively  with  lidocaine  (1–2.5 mg/

ii)  Most caudal fetus removed first with subsequent 

kg) injected over multiple sites along the 

removal of fetuses in uterine horns in alternat-

ventral abdominal midline. 

ing order

5)  Safe anesthetic protocol for cesarean section: 

1)  Each fetus massaged toward hysterotomy by 

no premedication, induction with intravenous 

milking fetus caudally. 
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2)  Once fetus is visible, fetus is grasped through 

ii)  Generally preferred by authors: standard ovario-

the  hysterotomy  incision  and  gentle,  steady 

hysterectomy performed after fetuses have been 

traction applied until placenta releases from 

removed by cesarean section. 

attachment zone. 

1)  Preparation,  incision,  exposure,  and  proce-

3)  Neonate  freed  from  amniotic  sac  (placenta 

dure same as for cesarean section. 

attached),  umbilical  cord  clamped  with 

2)  Hysterotomy  incision  not  closed  or  closed 

hemostatic  forceps  2–6 cm  from  neonate’s 

briskly  to  minimize  abdominal  contamina-

abdominal wall, and neonate then handed to 

tion during ovariohysterectomy. 

assistant in sterile fashion

3)  After  all  fetuses  removed  and  contamina-

–  If  placenta  is  firmly  attached  to  uterus, 

tion  minimized,  routine  ovariohysterectomy 

umbilicus is clamped and placenta is sev-

performed. 

ered  distally  prior  to  handing  kitten  to 

H)  Postoperative considerations

assistant. 

a)  Pyometra

–  Long  umbilical  cords  allow  for  access  to 

i)  Antibiotic therapy (empirical ampicillin/sulbac-

umbilical vein if intravenous medications 

tam 30–50 mg/kg IV every 8 hours, transitioned 

required for resuscitation of neonate. 

to  amoxicillin/clavulanic  acid  13.75–20 mg/kg 

iii)  Gentle traction applied to retained placentas 

PO every 12 hours with continued treatment ide-

prior  to  closure  of  the  hysterotomy— if 

ally based on culture results) should be contin-

removal not possible without significant hem-

ued  postoperatively  if  any  of  the  following 

orrhage  or  trauma  to  the  endometrium,  pla-

(Johnston 2017):

centas  not  removed  and  allowed  to  pass 

1)  Systemically ill. 

naturally. 

2)  Urinary tract infection. 

iv)  Uterus palpated for remaining contents prior to 

3)  Intraoperative contamination. 

closure,  being  careful  to  minimize  abdominal 

4)  Increased complication risk. 

contamination. 

ii)  Prognosis  after  surgical  treatment  of  pyometra 

v)  Hysterotomy closure

is good

1)  3- 0  to  4- 0  monofilament  absorbable  suture 

1)  Mortality rate of 8% reported in cats (Kenney 

(such as polydioxanone) on taper needle. 

et  al.  1987)— higher  mortality  rate  if  septic 

2)  Single- layer continuous pattern or two- layer 

peritonitis  secondary  to  iatrogenically  or 

closure with simple continuous appositional 

spontaneously ruptured uterus. 

internal  layer  and  continuous  inverting 

2)  Laboratory and clinical abnormalities tend to 

external  layer  (Cushing  or  Lembert)  both 

improve rapidly postoperatively. 

described. 

b)  Dystocia

3)  Suture  should  engage  submucosal  layer 

i)  Can consider opioid epidural postoperatively to 

(strength- holding layer). 

reduce systemic analgesia requirements. 

4)  Ideally don’t penetrate uterine lumen. 

ii)  Neonatal resuscitation started immediately after 

vi)  Thorough lavage of abdomen prior to closure. 

kittens removed from uterus (Johnston 2017). 

vii)  Routine abdominal closure— typically use bur-

1)  Each  neonate  should  have  dedicated  atten-

ied  intradermal  pattern  without  exposed  skin 

dant if possible. 

sutures to allow for nursing. 

2)  Oral cavities and nostrils cleared of fluid via 

b)  Cesarean  section  with  concurrent  ovariohysterec- 

suctioning

tomy

–  Should  not  swing  the  neonate— this  can 

i)  En bloc resection of uterus with fetuses allows 

cause  intracerebral  hemorrhage  (Grundy 

for simultaneous ovariohysterectomy and dysto-

et al. 2009). 

cia treatment with minimal abdominal contami-

3)  Apneic or poorly responsive kittens should be 

nation  and  decreased  anesthetic  time  for  the 

administered  flow- by  oxygen  and  vigorous 

queen, but fetuses need to be removed from the 

stimulation— can be ventilated with mask or 

uterus  within  60 seconds  of  clamping  uterine 

careful intubation if poorly responsive. 

blood  supply  to  minimize  kitten  hypoxemia 

4)  Fetal bradycardia typically indicates hypoxia— 

(Johnston  2017)— therefore,  not  typically  per-

should  be  treated  with  continued  oxygen 

formed due to this risk. 

support
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–  Should not administer atropine— increases 

v)  Ovariohysterectomy does not influence milk pro-

oxygen demand. 

duction/nursing— prolactin is released centrally 

–  If  opioid  used  as  pre- anesthetic  medica-

(independent  of  ovarian  hormones)  (Kooistra 

tion in queen, can administer naloxone to 

and Okkens 2001)

neonate sublingually or intravenously. 

vi)  Generally good prognosis for survival of queen 

5)  Should not use doxapram— increases myocar-

and kittens if appropriate anesthetic and surgical 

dial  oxygen  consumption  and  ineffective  in 

protocols utilized. 

hypoxemia  (Bamford  et  al.  1986;  Brückner 

vii)  Risk associated with subsequent vaginal delivery 

et al. 1977; Traas 2008). 

after cesarean section in cats has not been assessed. 

6)  After spontaneous breathing, neonate should 

I)  Possible complications

be  dried  and  warmed— temperature  should 

a)  Pyometra

be  controlled  at  90°F  to  avoid  burns  and 

i)  Peritonitis. 

hyperthermia. 

ii)  Hemorrhage. 

iii)  Residual  aseptic  solutions  should  be  cleaned 

b)  Cesarean section

from the queen. 

i)  Peritonitis. 

iv)  After queen has recovered from anesthesia, neo-

ii)  Hemorrhage. 

nates  should  be  placed  with  queen  to  nurse 

iii)  Hypotension  and  neonatal  resuscitation 

under observation. 

difficulty. 
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 42.5  Emergency Traumatic and Reconstructive Surgery

UNIQUE FEATURES



● Most cats with sacrococcygeal trauma present with flaccid tail and absent anal tone. Sensation of deep pain 5 cm distal to the tail base can be used as a prognostic indicator in cats: cats with intact deep pain sensation typically recovered spontaneous micturition within 3 days, whereas 36% of cats without deep pain sensation did not recover normal urination within 1 month in one study. 

A)  Common  indications  for  emergency  reconstructive 

d)  Traumatic wounds

surgery in cats

i)  May have varying additional sites of trauma— 

a)  Trauma

important to perform complete physical exami-

i)  Abdominal wall hernia

nation and diagnostic testing as indicated. 

1)  Caused  by  blunt  trauma  more  often  than 

ii)  Types  of  traumatic,  full- thickness  epithe-

sharp trauma. 

lial wounds

ii)  Diaphragmatic hernia. 

1)  Puncture  wound— small  skin  defect  with 

iii)  Wounds. 

deep tissue contamination and trauma. 

iv)  Tail trauma/avulsion. 

2)  Laceration— sharply  incised  dermal  edges 

b)  Subcutaneous abscess. 

(may extend into deep tissues). 

B)  Common  clinical  signs  and  physical  examination 

3)  If tissue elevated or avulsed, may have large 

findings

regions of tissue devitalization. 

a)  Complete physical examination important to assess 

iii)  Degloving injury— extensive skin and underly-

for trauma to multiple body systems

ing tissue loss

i)  Up  to  75%  of  small  animal  patients  that  have 

1)  Anatomic— skin and possibly underlying tis-

traumatic  abdominal  hernias  have  other 

sues  removed  from  body  (deep  tissues 

significant  injuries— most  often  orthopedic, 

exposed). 

commonly 

involving 

pelvic 

fractures 

2)  Physiologic— skin surface intact and in place, 

(Johnston 2017). 

but avulsed from underlying tissues and blood 

b)  Body wall hernia

supply (causing delayed dermal necrosis). 

i)  Most  common  areas  affected  are  ventrolat-

iv)  Thermal  burn— may  be  associated  with  deep/

eral caudal abdomen (inguinal and prepubic 

extensive tissue injury and systemic illness. 

areas)  and  paracostal  areas  (Waldron 

e)  Subcutaneous abscesses

et al. 1986). 

i)  Historical  findings:  prior  fight  or  traumatic 

ii)  Bulging  mass  beneath  skin— may  change  in 

event, outdoor cat, prior wound. 

size, shape, and consistency. 

ii)  Closure of contaminated, infected, or trauma-

iii)  Asymmetry of abdominal contour. 

tized  wounds  (especially  bite  wounds)  can 

c)  Diaphragmatic hernia

cause abscessation. 

i)  Respiratory  clinical  signs  most  common— 

iii)  Clinical  signs  and  physical  examination  find-

dyspnea  and  exercise  intolerance  reported  in 

ings  may  include  lethargy,  inappetence,  and 

38% of patients (Stickle 1984). 

fever; if abscess ruptures and drains, fever and 

ii)  Gastrointestinal  signs  (vomiting,  dysphagia, 

clinical signs may transiently improve. 

diarrhea,  constipation,  etc.)  may  occur  in 

f)  Tail trauma/avulsion

patients with gastrointestinal herniation. 

i)  Tail- pull  injury  is  commonly  associated  with 

iii)  Physical examination findings variable (Garson 

vehicular trauma and concurrent injury (84.3% 

et al. 1980)

of cases) (Smeak and Olmstead 1985)— important 

1)  Abdomen may appear empty (more common 

to  perform  thorough  physical  examination 

in chronic cases). 

(including  neurologic  examination)  and  sys-

2)  Muffled heart sounds. 

temic workup. 

3)  Borborygmi possible— not reliable finding. 

ii)  Fracture/luxation of sacrococcygeal region often 

4)  Thoracic  palpation  for  detection  of  cardiac 

associated with neurologic deficits of the sacral 

apex beat reportedly 80% accurate in localiz-

and coccygeal nerve segments (pudendal, pelvic, 

ing hernia side (Stokhof 1986). 

and caudal nerves) (Smeak and Olmstead 1985). 
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1)  May be associated with urinary incontinence, 

7)  Thoracic radiographs typically also indicated 

fecal incontinence, or constipation, and loss 

for  trauma  patient— assess  for  concurrent 

of  sensory  and  motor  function  of  the  tail— 

pulmonary  contusions,  diaphragmatic  her-

temporary  or  permanent  urinary  inconti-

nia, pleural effusion, pneumothorax, and rib 

nence is common (Smeak and Olmstead 1985). 

and spinal fractures. 

2)  Majority of cats with sacrococcygeal trauma 

iii)  Ultrasound,  computed  tomography  (CT),  and 

present with flaccid tail and absent anal tone 

magnetic resonance imaging (MRI) can be valu-

(Smeak and Olmstead 1985). 

able in cases that are not definitive for hernia on 

–  These  cats  may  have  severe,  irreversible 

radiographs. 

damage to the pudendal, pelvic, and cau-

c)  Diaphragmatic hernia (Figure 42.5.1)

dal nerves. 

i)  Thoracic radiographs— most useful test for diag-

C)  Diagnostic tests

nosis of diaphragmatic hernia (Johnston 2017). 

a)  Following  trauma,  animal  should  be  completely 

1)  Lateral view— most useful view for diagnosis 

evaluated  and  treated  for  life- threatening  condi-

of  diaphragmatic  hernia  (Stowater  and 

tions prior to further diagnostic testing. 

Lamb 1989). 

i)  Thorough  physical  examination  including 

–  Partial  loss  of  normal  diaphragmatic  line 

orthopedic and neurologic exams. 

documented  in  66–97%  of  animals  with 

ii)  Clinical  laboratory  testing:  complete  blood 

diaphragmatic  hernia— not  diagnostic  for 

count, biochemistry panel, and urinalysis. 

diaphragmatic  hernia  alone,  however 

iii)  Thoracic radiographs. 

(Minihan et al. 2004; Sullivan and Lee 1989). 

iv)  Thoracic  (TFAST)  and  abdominal  (AFAST) 

2)  Abdominal  viscera  present  in  thorax  is 

focused assessment with sonography for trauma. 

diagnostic  for  diaphragmatic  hernia 

v)  Full abdominal ultrasound. 

(Johnston 2017). 

vi)  Skeletal radiographs as indicated. 

3)  Lung  lobe  collapse  and  pleural  effusion— 

1)  Pelvic  radiographs  indicated  if  tail  trauma/

visualized more easily on dorsoventral view, 

avulsion— assess for sacrococcygeal luxation, 

noted  in  20–31%  of  cases  (Hayes  1986; 

luxation/separation  of  coccygeal  vertebrae, 

Roudebush  and  Burns  1979;  Sullivan  and 

additional pelvic/sacral fractures, etc. 

Lee 1989). 

b)  Traumatic abdominal hernia

4)  Pleural  effusion  can  make  diagnosis  of  dia-

i)  Definitive diagnosis possible on physical exam 

phragmatic hernia challenging. 

if  contents  reducible  into  abdomen,  palpable 

ii)  Contrast radiography— rarely indicated. 

hernia  ring,  and/or  displaced  organs  palpable 

iii)  Ultrasound

beneath skin. 

1)  93% accurate for diagnosis of diaphragmatic 

1)  Diagnosis of irreducible or ill- defined trau-

hernia (Spattini et al. 2003). 

matic abdominal hernias is more difficult. 

2)  Intercostal  or  subcostal  approach  (Stowater 

2)  Palpation of acute hernias often painful such 

and Lamb 1989). 

that sedation may be needed. 

3)  Especially useful in cases with pleural effusion. 

ii)  Radiographs

D)  Preoperative considerations

1)  Asymmetry  of  margins  of  body  wall  with 

a)  Acute trauma patients evaluated quickly to deter-

possible discontinuity. 

mine if emergency treatment/stabilization needed 

2)  Possible loss or displacement of abdominal 

for life- threatening conditions. 

organs from normal location. 

i)  Open wounds bandaged until emergency treat-

3)  Skeletal  abnormalities  should  be  assessed 

ments complete and patient is stable. 

concurrently. 

b)  Should aseptically prepare extensive areas of skin 

4)  Decreased serosal detail and abdominal dis-

for surgery— exact location and/or extent of trauma 

tention with peritoneal effusion. 

can be difficult to assess preoperatively. 

5)  Free peritoneal gas with perforation of hol-

c)  Traumatic abdominal wall hernia

low viscus or penetrating wound— indication 

i)  Lack  complete  serosa- lined  hernia  sac— more 

for emergency surgery. 

prone to adhesion to extra- abdominal structures 

6)  Peritoneal and subcutaneous emphysema— 

and incarceration. 

consistent with full- thickness perforation of 

ii)  Strangulation  of  contents  can  occur  due  to 

peritoneal wall. 

inflammation and swelling or contraction of the 

[image: Image 172]
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Figure 42.5.1  (a) Ventral celiotomy surgical approach in a cat that experienced a traumatic diaphragmatic hernia. Note that only 1 liver lobe can be seen within the abdominal cavity and all other liver lobes and gallbladder have herniated into the thoracic cavity. 

(b) The liver lobes have been gently retracted into the abdomen. After suspected reduction of all abdominal contents, the thoracic cavity is visualized to be certain that no abdominal contents remain in the thoracic cavity and no additional trauma can be found. 

(c) The diaphragmatic rent has been closed with 3- 0 monofilament absorbable suture in an interrupted pattern. A red rubber catheter is being used as a temporary thoracic drain for air removal. 

hernia  ring  when  healing  (Crowe  1988; 

d)  Traumatic diaphragmatic hernia

Parks 1981). 

i)  Surgical repair should be performed as early as 

iii)  Blunt  trauma  can  result  in  crush,  rupture,  or 

possible  once  patient  appropriately  stabilized 

avulsion damage of abdominal organs. 

(Gibson et al. 2005). 

iv)  Sharp trauma is often associated with tears, per-

1)  Delay in surgical correction increases risk for 

foration, and laceration of abdominal organs. 

pulmonary  compression  and  hypoventila-

1)  Penetrating  abdominal  trauma  as  indication 

tion (especially with herniation of stomach). 

for  emergency  exploratory  laparotomy  after 

ii)  Fast induction to allow for quick control of air-

stabilization (Crowe 1988). 

way  and  ventilation— controlled  ventilation 

v)  Stable patients with intra- abdominal trauma and 

typically  enables  adequate  pulmonary  expan-

no  devitalized  skin  or  wounds  typically  do  not 

sion and oxygenation. 

need early surgical repair. 

1)  Inspiratory pressures > 20 cm H2O should be 

1)  Large,  reducible  hernias  can  be  supported 

avoided due to risk for re- expansion pulmo-

with bandages. 

nary edema (Johnston 2017). 

2)  Surgery  should  not  be  delayed  longer  than 

iii)  Ventral thorax and abdomen clipped and asepti-

several  days— wound  contraction,  adhesion 

cally prepared, as extension of celiotomy to include 

formation, and fibrosis of muscles possible. 

caudal median sternotomy may be indicated. 

vi)  Emergency  surgery  indicated  if  severe  intra- 

1)  Preparation  of  thoracic  wall  should  extend 

abdominal  injury,  penetrating  abdominal 

laterally  to  allow  for  thoracostomy  tube 

wounds, inability to stabilize patient with inten-

placement if needed. 

sive medical management, evidence of incarcer-

iv)  Tilting table in a reverse Trendelenburg orienta-

ation, or strangulation of herniated contents. 

tion  may  be  beneficial  in  relieving  pressure 

1)  Emergency  surgery  initially  for  repair  of 

on lungs. 

organ trauma. 

v)  Antibiotic  administration  (cefazolin  22 mg/kg 

2)  Herniorrhaphy can be delayed until improved 

IV  every  90–120 minutes  or  ampicillin/sulbac-

systemic stability (unless hernia contributing 

tam 30 mg/kg IV every 90–120 minutes) depend-

to organ dysfunction). 

ent on patient’s systemic condition, presence of 
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ischemia  or  necrosis,  expected  surgical  and 

3)  Systemic  antimicrobial  treatment  only  indi-

anesthetic duration, and suspected intraopera-

cated if wound infection present. 

tive contamination (Johnston 2017). 

–  Narrow- spectrum, based on results of tis-

e)  Wounds

sue  culture  performed  after  wound 

i)  Compared  to  dogs,  primarily  closed  wounds 

debridement and lavage. 

have  lower  strength  and  open  wounds  heal 

v)  Definitive wound management— preoperatively

slower (Bohling et al. 2004, 2006). 

1)  Protective bandage removed. 

ii)  Primary closure indicated if:

2)  Sterile water- soluble lubricant or sterile saline- 

1)  Freshly  incised,  clean,  or  clean- 

moistened sterile gauze applied to wound for 

contaminated wound. 

protection during surgical preparation. 


2)  Traumatic wound within 3–6 hours of trauma. 

3)  Clip and clean surrounding skin with aseptic 

3)  Wound edges fresh and vascularized. 

technique. 

4)  No crush injury. 

4)  Uncover wound— any remaining material in 

5)  No  contamination/debris  in  wound  follow-

wound  removed/flushed  with  warm,  sterile, 

ing lavage. 

balanced electrolyte solution. 

6)  Healthy patient (no disease affecting skin). 

f)  Subcutaneous abscess

7)  Any wound that can be completely excised 

i)  Clip  and  aseptically  prepare  wide  area  around 

(en bloc debridement). 

site of abscess. 

iii)  Primary  closure  contraindicated  (open  wound 

g)  Tail trauma/avulsion

management should be pursued) if:

i)  Paralyzed  tail  with  no  deep  pain  sensation— 

1)  Wounds are near dirty regions or contami-

caudectomy  via  cranial  tail  amputation 

nated/infected. 

indicated. 

2)  Crush injury (such as bite wounds). 

ii)  If deep pain sensation present— function of tail 

3)  Significant dermal loss. 

may return, caudectomy may not be warranted. 

4)  Significant dead space. 

1)  Alternative  to  performing  caudectomy  ini-

5)  Significant tissue swelling. 

tially:  medical  management  for  4–6  weeks 

6)  Significant tension. 

with  subsequent  caudectomy  if  sensory  and 

iv)  Initial wound care

motor function not regained. 

1)  Copious  irrigation  with  sterile  saline 

iii)  If  severe  tail  trauma,  location  of  lesion  deter-

(Whaley 2004)

mines  the  level  of  tail  amputation— cranial  or 

–  Irrigation  pressure— should  be  strong 

caudal tail amputation. 

enough to remove bacteria and contamina-

1)  Amputation  should  be  performed  at  least 

tion  while  avoiding  local  tissue  damage, 

2–3 cm proximal to level of trauma. 

dissemination of contaminants, and edema 

iv)  Preoperative preparation

formation (Wheeler et al. 1976). 

1)  Purse- string suture placed around anus. 

2)  Wound coverage— bandage left in place until 

2)  Tail,  perineal,  and  dorsal  sacral  regions 

patient has been stabilized and more defini-

clipped and aseptically prepared— use hang-

tive wound management can occur. 

ing  preparation  technique  with  patient  in 

–  Topical  antimicrobial  agents  typically 

sternal  recumbency  with  pelvic  limbs  hang-

indicated in early wound management to 

ing off the table (perineal stand). 

reduce microbial burden and contamina-

E)  Intraoperative considerations

tion (Johnston 2017). 

a)  Exposure  should  allow  for  complete  abdominal 



●

Broad- spectrum. 

exploration if body wall or diaphragmatic hernia. 



●

Acceptable  choices  for  immediate 

b)  Wound care principles for all trauma cases

wound  management:  antimicrobial 

i)  Debridement to remove devascularized tissue— 

ointment,  silver- based  dressing,  hyper-

should more conservatively debride fascial and 

osmotic dressing (honey, sugar, or 20% 

dermal tissues. 

hypertonic saline) (Johnston 2017). 

ii)  Remove all foreign material/contamination. 

–  Bandage placed after application of topical 

iii)  If closure performed, should be performed if tis-

antimicrobial agent. 

sues  are  clean  and  healthy;  can  place  closed, 



●

Tie- over bandage if difficult to place band-

active  drain  if  minimally  contaminated  site 

age due to wound location and/or motion. 

appropriately cleaned and debrided. 
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iv)  Wound closure may require use of local vascular-

1)  Lance abscess with blade or enlarge opening 

ized tissue flaps. 

of draining tract. 

v)  Subcutaneous  tissues  and  skin  should  be  left 

2)  Thoroughly lavage abscess cavity and debride 

open  for  daily  wound  management  (debride-

devitalized, necrotic, infected tissue. 

ment  and  lavage)  until  healthy  enough  for 

3)  Place a drain (ideally closed, active drain) or 

closure. 

leave  the  wound  open  with  placement  of 

c)  Diaphragmatic hernia

bandage with frequent bandage changes and 

i)  Complete exploratory laparotomy should be per-

reassessment. 

formed  with  repair/resection  of  damaged, 

iii)  Obtain  pre-  and/or  post- debridement  and 

obstructed,  incarcerated,  and  strangulated 

lavage culture samples to guide antimicrobial 

abdominal organs. 

treatment

ii)  Ventilation should be controlled upon entrance 

F)  Surgical procedure: abdominal herniorrhaphy

into abdomen in case there is pleuroperitoneal 

a)  Acute hernias typically approached via ventral mid-

communication through the hernia. 

line  celiotomy— intra- abdominal  repair  typically 

d)  Definitive wound management— aseptic technique

preferred over extra- abdominal repair of hernia. 

i)  Wound debridement

b)  Can  concurrently  perform  abdominal  exploration 

1)  Removal of foreign material as well as con-

and treatment of organ damage. 

taminated, devitalized, or necrotic tissues. 

c)  Debridement  and  wound  cleaning  as  described 

ii)  Wound exploration. 

previously. 

iii)  Wound lavage. 

d)  Method of closure dependent upon extent of con-

iv)  Tissue  culture  (following  debridement  and 

tamination  and  tissue  trauma  as  well  as  size 

lavage). 

of defect. 

v)  Subsequent  primary  closure  (if  appropriate)  or 

i)  If minimal abdominal wall loss, can appose her-

continued open wound management. 

nia ring. 

1)  Open wound management

ii)  If significant loss of abdominal wall tissue and/

–  Consider  nonsurgical  debridement  via 

or tissue resilience, may require local tissue flap 

contact layer of hyperosmotic agent (such 

or synthetic mesh. 

as  hypertonic  [20%]  saline,  sugar, 

1)  Vascularized  autogenous  flaps  preferred— 

or honey). 

may survive even in infected or contaminated 

–  Consider  topical  antimicrobial  agents: 

environments; synthetic materials may cause 

antibiotic  ointment,  silver  dressings, 

fistulas or promote infection. 

honey, etc. 

e)  Herniorrhaphy

–  Moist wound healing as standard of care for 

i)  Sutures should appose (not crush) tissues. 

open wound management (Johnston 2017). 

ii)  Sutures should incorporate large bites of strong 



●

Hydrogel dressing for dry to minimally 

tissue (fascia, ligament, bone, etc.). 

exudative wounds. 

iii)  Muscle layers individually closed if possible. 



●

Hydrocolloid,  polyurethane  foam,  or 

iv)  Synthetic  monofilament  absorbable  suture 

maltodextrin polymer for mild to mod-

(such as polydioxanone) typically indicated for 

erately exudative wounds. 

acute, traumatic herniorrhaphy. 



●

Colloidal dressing with calcium alginate 

v)  Tension- relieving suture pattern (cruciate, mat-

for heavily exudative wounds. 

tress) may be beneficial. 

2)  Reassessment  of  wound  and  patient  health 

vi)  Sutures can be pre- placed— deepest aspect tied first. 

should be performed frequently with closure 

f)  Wound  drainage  (closed,  active  drainage)  often 

of wound when appropriate (healthy wound 

needed after severe traumatic hernia repair. 

with adequate tissue for closure). 

G)  Surgical  procedure:  diaphragmatic  herniorrhaphy 

3)  Consider drain placement during closure if sig-

(Figure 42.5.1)

nificant dead space and/or drainage anticipated. 

a)  Ventral midline celiotomy from xiphoid to midway 

e)  Subcutaneous abscess

between  umbilicus  and  pubis— can  be  extended 

i)  If  en  bloc  excision  possible,  remove  entire 

cranially (sternotomy) or caudally if needed. 

abscess (including capsule) until clean, healthy 

b)  Thorough examination of abdomen and diaphragm 

tissues present, then lavage, and close primarily. 

performed. 

ii)  If unable to perform en bloc removal of abscess:

c)  Hernia reduction. 
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i)  Herniated viscera can often be reduced via gen-

v)  Suture placement

tle traction— avoid kinking/occlusion of caudal 

1)  Complex diaphragmatic tears can be approxi-

vena cava when repositioning congested/friable 

mated temporarily with stay sutures. 

liver lobes. 

2)  If circumcostal tear, sutures can be anchored 

ii)  If hernia contents are not reducible due to con-

around costal arch and abdominal wall. 

gestion/swelling and/or adhesions within pleu-

3)  Rostral  diaphragmatic  advancement  tech-

ral  cavity,  diaphragmatic  defect  is  extended 

nique with suturing of peripheral portions of 

(taking  care  to  avoid  phrenic  vessels,  nerves, 

diaphragm  more  cranially  than  anatomic 

and caudal vena cava). 

insertion  (to  reduce  tension  on  closure) 

iii)  Intrathoracic  adhesions  should  be  transected 

described (Walker and Hall 1965). 

under direct observation. 

4)  Suturing  typically  proceeds  from  dorsal  to 

1)  If adhesions of abdominal viscera to intratho-

ventral aspect. 

racic structures are unable to be safely tran-

5)  Sutures  near  caudal  vena  cava  should  be 

sected, may need to extend incision cranially 

placed  in  a  manner  to  not  obstruct 

to include caudal median sternotomy. 

venous return. 

d)  All  abdominal  contents  assessed  for  viability  and 

vi)  Apposition of diaphragmatic margins following 

treatment performed as indicated. 

acute  traumatic  hernias  typically  performed 

e)  Thoracostomy tube

with  minimal  tension  and  no  requirement  for 

i)  Can be placed through lateral thoracic wall into 

alternative methods of closure. 

pleural  space  if  indicated— should  be  placed 

g)  Abdominal closure typically routine and does not 

before closure of the hernia to allow for visuali-

require  techniques  to  alleviate  loss  of  abdominal 

zation/palpation of tube in pleural space. 

domain or increased abdominal pressure in cases of 

ii)  Alternatively, can place tube through diaphrag-

acute diaphragmatic hernia. 

matic closure and evacuate pleural space follow-

H)  Surgical procedure: caudectomy

ing herniorrhaphy with subsequent tube removal 

a)  Cranial  tail  amputation— amputation  at  level  of 

once negative pressure is obtained. 

second or third caudal vertebra. 

1)  Re- establishment  of  negative  pressure  after 

i)  Elliptical  skin  incision  around  tail  base  from 

hernia repair only indicated in cases of acute 

caudal sacrum to just dorsal to the anus. 

diaphragmatic  hernia  with  appropriate  pul-

ii)  Coccygeal and levator ani muscles transected at 

monary  expansion  and  minimal  thoracic/

attachments to caudal vertebrae. 

pleural  space  disease— otherwise,  thoracos-

iii)  Blunt  dissection  to  disrupt  fascial  attachment 

tomy  tube  should  be  exited  through  lateral 

between rectum and ventral tail. 

thorax and not used to evacuate the pleural 

iv)  After caudal vertebrae separated from all mus-

space to negative pressure (due to risk of re- 

cular insertions, bone- cutting instrument used 

expansion pulmonary edema). 

to  transect  between  or  through  caudal 

2)  Elimination  of  pneumothorax  with  re- 

vertebrae— need to protect rectum. 

establishment  of  negative  pleural  pressure 

v)  Coccygeal vessels ligated. 

should only be performed if airway pressures 

vi)  Hemorrhage from bone can be controlled with 

can be directly monitored. 

sterile bone wax. 

f)  Herniorrhaphy

vii)  Can  place  active,  closed- suction  drain  if  indi-

i)  Mobile  abdominal  viscera  retracted  caudally 

cated based on contamination and/or dead space. 

with gentle tissue handling. 

viii)  Closure

ii)  Freshening/debridement of hernia edges gener-

1)  Apposition of transected coccygeal and leva-

ally not indicated in acute traumatic cases and 

tor ani muscles, including deep fascia. 

controversial in chronic cases. 

2)  Subcutaneous tissue and skin— routine closure. 

iii)  Suture  material:  synthetic  long- lasting  absorba-

b)  Caudal tail amputation (Figure 42.5.2)

ble suture (such as polydioxanone) or nonabsorb-

i)  Circumferential  skin  incision— distal  to 

able suture— typically 3- 0 is appropriate in cats. 

planned site of caudal disarticulation to allow 

iv)  Suture pattern: interrupted and continuous pat-

skin closure without tension. 

terns described

1)  Should be “U” shaped dorsally and ventrally, 

1)  Continuous patterns leave less sharp cut ends 

with ends of U laterally. 

that can damage viscera. 

ii)  Subcutaneous tissue dissected. 

[image: Image 173]
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Figure 42.5.2  Caudal tail amputation in a cat. (a) The cat is placed in ventral recumbency (preferably in a perineal stand) and the tail is allowed to hang down. (b) and (c) “U”- shaped incisions are created dorsally and ventrally to expose the underlying subcutaneous tissue and musculature of the tail. (d) The desired amount of vertebral bodies are removed with a combination of sharp and blunt dissection and electrosurgery, allowing for sufficient skin to remain to close over the end of the cut vertebral body. (e) and (f) The dorsal and ventral “U”- shaped incisions are apposed and closed with a subcutaneous tissue layer (generally 4- 0 monofilament absorbable suture) and a skin appositional layer (3- 0 or 4- 0 monofilament nonabsorbable suture). 

iii)  Incision made into fascia of muscles surrounding 

b)  If  recumbent  patient:  padded  bedding,  turn  fre-

vertebrae— may use monopolar electrocautery. 

quently, and encourage to stand. 

iv)  Multiple vessels in muscles surrounding verte-

c)  Strict  activity  restriction  for  at  least  2  weeks  to 

brae (Johnston 2017). 

decrease motion and tension on repair. 

1)  Cranial  tail:  seven  longitudinal  arte-

i)  May place hobbles to prevent abduction of pel-

rial trunks. 

vic limbs. 

2)  Only two lateral caudal arteries and median 

d)  Prognosis often depends on concurrent injuries. 

caudal  artery  continue  to  distal  tail,  where 

e)  If  thoracostomy  tube  placed  in  patient  with 

they then anastomose. 

diaphragmatic  hernia  repair,  tube  is  typically 

3)  Lateral caudal veins: main venous drainage. 

removed within 1 day postoperatively if minimal 

v)  Can place transfixation ligatures blindly before 

recovery of air or fluid (less than 2–3 ml/kg/day) 

transection of muscle or individually ligate ves-

(Johnston 2017). 

sels (via encircling ligature, hemostatic clips, or 

i)  May leave small amounts of residual air within 

electrocautery) when each vessel is encountered 

thorax to avoid re- expansion pulmonary edema. 

during muscular dissection. 

ii)  Maintenance  of  thoracostomy  tube  postopera-

vi)  Once all muscular dissection complete and ver-

tively requires close monitoring in ICU facilities 

tebrae exposed, disarticulation via scalpel, bone- 

given risk of life- threatening complications. 

cutting forceps, or monopolar electrocautery. 

f)  Prognosis for diaphragmatic hernia

vii)  Closure

i)  Approximately 15% of patients die before anes-

1)  Muscular fascia apposed over cut end of tail. 

thesia/surgery for repair of traumatic diaphrag-

2)  Subcutaneous  tissue  and  skin— routine 

matic  hernia  (Boudrieau  1987;  Garson 

closure. 

et al. 1980; Wilson et al. 1971). 

I)  Postoperative considerations

ii)  Induction of anesthesia is critical process that 

a)  Severe  trauma  patients  need  intensive  supportive 

can result in death if delay or lack of appropri-

care and monitoring. 

ate ventilatory control (Bednarski 1986). 
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iii)  Survival  to  discharge  ranges  from  52  to  89% 

a)  Traumatic abdominal hernia repair

(Garson et al. 1980; Gibson et al. 2005; Minihan 

i)  Seroma. 

et al. 2004; Schmiedt et al. 2003). 

ii)  Hematoma. 

iv)  Complications  reported  in  up  to  50%  of  cases 

iii)  Infection. 

(Johnston 2017). 

iv)  Dehiscence— dehiscence of skin more common 

g)  Systemic antibiotics indicated if evidence of wound/

than dehiscence of herniorrhaphy site if appro-

tissue infection

priate treatment (Waldron et al. 1986). 

i)  Often  empirically  choose  ampicillin/sulbactam 

v)  Hernia recurrence— uncommon with appropri-

30–50 mg/kg IV every 8 hours. 

ate repair technique. 

ii)  Use cultures (ideally post- debridement and lav-

b)  Diaphragmatic hernia repair

age tissue samples) to guide treatment. 

i)  Pneumothorax and pleural space disease. 

h)  Prognosis  for  patients  with  wounds  dependent 

ii)  Organ  failure  secondary  to  initial  trauma/

on nature of wound, progression of wound heal-

herniation. 

ing,  systemic  health,  and  additional  trauma 

iii)  Re- expansion pulmonary edema

sustained. 

1)  More common with chronic hernia. 

i)  If  caudal  tail  amputation  fairly  distal,  can  place 

iv)  Loss of abdominal domain, increased abdomi-

bandage  over  surgical  site  to  protect  wound 

nal pressure

from trauma. 

1)  More common with chronic hernia. 

j)  Prognosis for cats with sacrococcygeal injury

v)  Recurrence— low 

risk 

if 

appropriate 

i)  Good for return of urinary function if anal tone 

herniorrhaphy. 

and perineal sensation present at time of initial 

c)  Wounds

examination (Smeak and Olmstead 1985). 

i)  Delayed  healing— assess  for  systemic  disease, 

1)  Pelvic  limb,  tail,  and  urination  dysfunction 

malnutrition, local tissue hypoxia or ischemia, 

typically 

improve/normalize 

within 

bacterial  colonization  or  infection,  repetitive 

1 month— if unable to urinate normally after 

trauma,  necrotic  tissue,  and  excessive  tension 

1 month, typically permanent. 

(Johnston 2017). 

ii)  Sensation  of  deep  pain  5 cm  distal  to  tail  base 

ii)  Systemic infection. 

may  be  used  as  a  prognostic  indicator  (Tatton 

iii)  Following  closure:  dehiscence,  seroma  forma-

et al. 2009). 

tion, and/or infection. 

1)  Cats with intact deep pain sensation typically 

iv)  Contracture of tissues and decreased function/

recovered  spontaneous  micturition  within 

mobility. 

3 days, whereas 36% of cats without deep pain 

d)  Caudectomy

sensation  did  not  recover  normal  urination 

i)  Infection. 

within 1 month (Tatton et al. 2009). 

ii)  Dehiscence. 

J)  Possible complications

iii)  Anal sphincter or rectal trauma. 
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 42.6  Emergency Ophthalmic Surgery

UNIQUE FEATURES



● Cats with glaucoma predominantly have secondary glaucoma (primary glaucoma is very rare in cats). 

Recommended Reading

Bartels, J. (1972). How to delineate canine and feline hernias 

c)  Additional diagnostic tests as warranted based on 

radiographically.  Mod. Vet. Pract.  53: 27. 

history,  clinical  signs,  and  physical  examination 

A)  Common  indications  for  emergency  ophthalmic  sur-

findings

gery in cats

D)  Preoperative considerations

a)  Trauma

a)  Most  proptosed  globes  can  be  manually  reduced 

i)  Proptosis

and  maintained  for  3–4  weeks  via  temporary 

1)  Traumatic  proptosis  occurs  after  trauma  to 

tarsorrhaphy

orbit  with  increased  intraorbital  pressure 

b)  Indications for enucleation

and  subsequent  globe  protrusion  such  that 

i)  Any painful, nonvisual eye

globe equator is anterior to eyelid margins; 

ii)  Severe extraocular damage with proptosis

eyelids then invert and become trapped pos-

iii)  Nonvisual eye that is infected

terior to the equator, such that the globe is 

iv)  Eye with intraocular neoplasia that causes pain 

maintained in the proptosed position

or has potential for metastasis

2)  Relatively rare in cats given the orbital shape

c)  Glaucoma  is  generally  considered  an  emergency 

ii)  Severe trauma to globe or extraocular structures

condition,  but  most  cases  can  be  appropriately 

b)  Glaucoma

managed  with  medical  therapy  initially— in  cases 

i)  Cats can develop secondary glaucoma (primary 

where aggressive medical therapy is not successful 

glaucoma is very rare) (Hamor 2002)

at reducing IOP, temporary keratostomy can be con-

ii)  Glaucoma is often an emergency condition, but 

sidered until more definitive surgical treatment can 

most cases can be treated with medical manage-

be performed

ment until intraocular pressure (IOP) is stable 

i)  See  ophthalmology  texts  for  additional  infor-

prior to surgical treatment (Johnston 2017)

mation  regarding  medical  management  of 

iii)  If  intraocular  hypertension  despite  aggressive 

glaucoma

medical treatment, temporary keratostomy may 

d)  General  anesthesia  typically  required;  temporary 

be indicated to allow for reduced IOP until more 

keratostomy  can  be  performed  under  heavy  seda-

definitive surgery performed

tion and topical anesthetic

B)  Common  clinical  signs  and  physical  examination 

i)  Oculocardiac reflex can cause decreased heart 

findings

rate  associated  with  pressure  or  traction  on 

a)  Proptosis

globe — sufficiently deep plane of anesthesia is 

b)  Significant globe or extraocular trauma

needed to prevent this

c)  May  have  concurrent  trauma  to  other  organ 

1)  Anticholinergic  administration  recom-

systems— important to perform thorough physical 

mended  as  premedication  to  decrease  inci-

examination

dence of this reflex

d)  Majority  of  animals  with  traumatic  proptosis  have 

e)  Preparation of surgical site

permanent vision loss due to optic nerve damage; lat-

i)  Periocular area carefully clipped — should avoid 

eral deviation of the globe due to rupture of the medial 

abrasion of eyelid skin to prevent irritation and 

rectus muscle is common (Gilger et al. 1995)

self- trauma post- operatively

C)  Diagnostic tests

1)  Sterile  lubricant  applied  to  globe  prior  to 

a)  Assess  for  concurrent  corneal  ulceration  via  fluo-

clipping to prevent hair from entering con-

rescein stain

junctival  sac;  lubricant  then  rinsed  away 

b)  IOP for evaluation of glaucoma

with adherent hairs

[image: Image 174]
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2)  Periocular  area  gently  scrubbed  with  povi-

(a)

done-iodine  solution  diluted  with  saline 

(1:50,  0.2%  solution)  and  alternated  with 

sterile saline

ii)  Conjunctiva cleansed with same solutions using 

sterile cotton- tipped applicators

iii)  Povidone-iodine  solution  and  saline  irrigation 

of cornea and conjunctiva

iv)  Non- operated  eye  should  be  lubricated  with 

artificial tear ointment

f)  Perioperative  antimicrobials  (typically  cefazolin 

22 mg/kg  IV  every  90–120 minutes)  indicated  dur-

ing orbital procedures (Johnston 2017)

g)  Patient positioning

i)  Most  orbital  procedures  performed  in  sternal 

recumbency with head elevated

E)  Intraoperative considerations

a)  Temporary tarsorrhaphy

i)  Key to successful reduction of globe: identifica-

(b)

tion  and  stabilization  of  eyelid  margins,  pre- 

placement  of  2–3  horizontal  mattress  sutures 

over proptosed globe (Johnston 2017)

ii)  Meibomian gland orifices as landmarks for eye-

lid margin and needle exit/entry site

iii)  Monofilament  suture  (4- 0,  tapered  needle) 

should be used — if suture inadvertently con-

tacts cornea, it will cause less corneal damage 

than multifilament suture

iv)  It is important that suture enters and exits eye-

lid margins without penetrating palpebral con-

junctiva to prevent irritation/abrasion of cornea

v)  After reduction, orbital swelling will decrease — 

may  cause  sutures  to  loosen  with  subsequent 

contact of suture with cornea; therefore, should 

pull  sutures  slightly  tighter  than  appositional 

(should have slight eversion of eyelid margins)

b)  Enucleation

Figure 42.6.1  Line drawing of temporary tarsorrhaphy. 

i)  Goal  is  to  remove  globe  and  secretory  tissue; 

(a) Suture placement prior to closure. (b) Final suture placement 

leave as much orbital contents as possible

after closure. 

1)  All conjunctival tissue should be excised — 

goblet cells in this tissue can cause mucocele 

b)  Eyelid margins should be identified and stabilized, 

formation if left within orbit

and  horizontal  mattress  sutures  are  pre- placed 

i)  Different techniques for approach to sclera and 

(Johnston 2017)

extraocular muscles described

i)  Brown- Adson forceps used to retrieve margins 

ii)  Important  to  not  apply  too  much  traction  on 

of upper eyelid

optic nerve due to risk of damage to contralat-

ii)  4- 0 nylon suture (monofilament, non- absorbable) 

eral optic nerve and potential for contralateral 

placed into skin of upper eyelid 4 mm proximal 

blindness

to the eyelid margin and 4 mm medial to the tem-

F)  Surgical 

procedure: 

temporary 

tarsorrhaphy 

poral canthus, exited from eyelid margin itself; 

(Figure 42.6.1)

suture  then passed loosely over globe and  into 

a)  Globe cleaned thoroughly with sterile saline; water- 

eyelid  margin  of  lower  eyelid  at  point  directly 

soluble lubricant applied topically

opposite  upper  eyelid  suture;  bite  exits  skin  of 
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lower  eyelid  4 mm  ventral  to  the  margin  and 

iv)  Improved exposure if eyelid margins, third eye-

4 mm  medial  to  the  temporal  canthus;  needle 

lid, and gland of third eyelid removed prior to 

redirected in opposite direction 4 mm medial to 

excision of globe (Swinger et al. 2009)

first  bite  through  lower  eyelid  (exited  at  eyelid 

1)  Excise approximately 5 mm of eyelid margin 

margin),  taken  across  globe  to  upper  eyelid 

with scissors

where  needle  directed  through  eyelid  margin 

–  Avoid  trauma  to  angularis  oculi  vein 

and out skin 4 mm dorsal and 4 mm medial to 

while  dissecting  attachments  at  nasal 

first bite

canthus

iii)  Stents (polyethylene tubing or other soft, flexi-

2)  Third eyelid clamped at base and excised dis-

ble material) should be placed in or under the 

tal to clamps

suture to distribute tension

v)  Globe then removed as described in the following 

iv)  Pre- place 2–3 horizontal mattress sutures across 

text  —  after  globe excised,  all  remaining  con-

length of palpebral fissure

junctiva should be sharply excised

v)  Suture ends should be stabilized with hemostats

b)  Transpalpebral approach (Figure 42.6.2)

vi)  Small gap should be left in region of nasal can-

i)  Eyelid margins apposed with 3- 0 or 4- 0 mono-

thus to allow for topical medications

filament  nonabsorbable  suture  in  simple  con-

c)  Scalpel handle placed between cornea and sutures

tinuous pattern — leave suture tags long to assist 

d)  Scalpel handle pressed onto globe while suture ends 

with manipulation

pulled outward with hemostats in order to reduce 

ii)  Incision  through  skin  surrounding  palpebral 

globe into orbit

fissure  (approximately  5 mm  from  eyelid  mar-

i)  Rarely, minor temporal canthotomy required to 

gin) made with #10 or #15 blade

facilitate reduction of globe

iii)  Tenotomy  scissors  used  to  dissect  to  outer 

e)  After globe is reduced, horizontal mattress sutures 

surface  of  conjunctiva  (surface  not  facing 

tied slightly tighter than appositional (should have 

globe) — this plane of dissection continued cir-

slight eversion of eyelid margins)

cumferentially  around  the  eye  and  extended 

G)  Surgical procedure: temporary keratostomy

to limbus

a)  Ocular surface sterilized with several drops of 1:10 

iv)  Tenon’s  capsule  and  orbital  septum  elevated 

dilution  of  povidone-iodine  solution,  then  rinsed 

from sclera until extraocular muscles visible

with sterile saline

c)  Extraocular  muscles  subsequently  transected  at 

b)  30- gauge needle inserted at limbus parallel to and 

tendinous insertion on globe

just  beneath  corneal  epithelium  —  driven  into 

i)  Can  elevate  muscles  with  strabismus  hook  to 

stroma for 2–3 mm, then angled parallel to iris and 

aid in this transection

advanced until entry into anterior chamber

d)  Optic nerve can then be visualized from dorsolat-

c)  Aqueous humor passively enters hub of needle — 

eral aspect via gentle traction on globe — excessive 

should never be aspirated with a syringe

traction should be avoided due to possible damage 

d)  IOP remeasured

to optic chiasm and contralateral blindness

e)  Aqueous humor allowed to continue to drain from 

e)  Optic  nerve  clamped  near  globe,  and  nerve  tran-

the anterior chamber until IOP of 10–15 mmHg

sected with scissors where it exits from globe

f)  Needle then withdrawn until tip in middle of corneal 

i)  Clamp  left  in  place  for  3–5  minutes  prior 

stromal tract — should leave in this location for sev-

to removal

eral seconds to allow the tract to swell and close

f)  Should inspect medial canthus for patent nasolacri-

g)  Needle then fully withdrawn from the cornea

mal ducts — if seen, should be ligated to decrease 

H)  Surgical procedure: enucleation

possible ascending infection from nasal cavity

a)  Subconjunctival approach

g)  Adequate hemostasis needed before closure

i)  Lateral canthotomy

h)  Several  described  methods  to  prevent  skin  from 

ii)  Stevens tenotomy scissors used to make incision 

sinking  into  orbital  cavity  (sphere  or  mesh  place-

through conjunctiva and Tenon’s capsule paral-

ment, mobilization of orbital rim) (Johnston 2017; 

lel and 2–3 mm posterior to the limbus; incision 

Hamor et al. 1993; Mughannam and Reinke 1995)

extended completely around the globe

i)  Three layer closure

iii)  Blunt and sharp dissection used to elevate con-

i)  Orbital fascia (holding layer): 3- 0 or 4- 0 mono-

junctiva and Tenon’s capsule from sclera until 

filament  absorbable  suture  in  simple  inter-

extraocular muscle tendons visualized

rupted pattern

[image: Image 176]
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(a)

(b)

(c)

(d)

(e)

(f)

Figure 42.6.2  (a) A cat with a ruptured globe undergoing enucleation via a transpalpebral approach. (b) The eyelid margins have been apposed, and an incision has been created in the skin approximately 5 mm away from the eyelid margin. (c) Scissors are being used to dissect the conjunctiva to create a plane of dissection circumferentially around the eye. (d) The optic nerve has been clamped. 

(e) Orbit after enucleation. (f) Skin closure over the orbit.  iurie: Images courtesy of Elizabeth Montgomery DVM. 

ii)  Subcutaneous  tissue:  3- 0  or  4- 0  monofila-

CRI, hydromorphone 0.05–0.1 mg/kg IV q4–6h, 

ment  absorbable  suture  in  simple  continu-

or methadone 0.1–0.2 mg/kg IV q4–6h

ous pattern

ii)  Ideally transition from full μ- agonist to partial 

iii)  Skin: routine appositional closure

μ- agonist  (buprenorphine  0.01–0.02 mg/kg  IV 

I)  Postoperative considerations

or transmucosal q8–12h) and oral medications 

a)  Appropriate analgesia

(such  as  gabapentin  10 mg/kg  PO  q8–12h) 

i)  Initial  post operative  analgesia  should  include 

within 12–24 hours post- operatively if pain ade-

full  μ- agonist  such  as  fentanyl  1–5 μg/kg/h  IV 

quately controlled
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iii)  Consider  non- steroidal  anti- inflammatory 

iv)  Prognosis  typically  good  for  maintenance  of 

drugs  (NSAIDs)  if  no  azotemia/renal  disease, 

globe reduction, but animals often not visual in 

gastrointestinal  disease,  or  liver  disease  — 

that eye long- term

NSAID options in cats:

e)  Temporary keratostomy

1)  Meloxicam  0.1 mg/kg  subcutaneously  fol-

i)  Eye  should  be  treated  with  topical  antibiotics 

lowing  extubation  or  PO  when  eating 

following procedure

once

ii)  Continue medical management until definitive 

2)  Robenacoxib 1 mg/kg PO every 24 hours for 

surgical treatment can be performed

3 doses (first dose can alternatively be given 

J)  Possible complications

as 2 mg/kg subcutaneous injection following 

a)  Infection of surgical site

extubation)

b)  Temporary tarsorrhaphy

b)  Appropriate intervention for any additional trauma

i)  Corneal ulcer if sutures placed inappropriately

c)  Elizabethan collar should be worn until healed and 

ii)  Failure  of  maintenance  of  reduction  —  espe-

sutures removed

cially if severe extraocular trauma

d)  Temporary tarsorrhaphy

iii)  Permanent blindness common following proptosis

i)  Can administer topical lubricating ointment as 

c)  Enucleation

well as antibiotics and atropine (if corneal ulcer 

i)  If conjunctiva not completely excised or secre-

present) via gap in nasal canthus region

tory  tissue  (lacrimal  gland,  gland  of  the  third 

ii)  Systemic  NSAIDs  beneficial  in  reducing 

eyelid)  left  within  orbit,  can  develop  cysts  or 

inflammation

chronic discharge and orbital swelling — subse-

iii)  Should  leave  tarsorrhaphy  in  place  for 

quent surgery needed to remove secretory tissue 

3–4 weeks (remove sutures at this time)

if this occurs (Ward and Neaderland 2011)
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Antineoplastic agents  385

cardiac disease  147–148, 163–167

injectable anesthetics  58–60, 58 t

Antiprotozoals  140, 299

cardiopulmonary resuscitation  16

monitoring  56

Antithrombotic therapy  241, 332

clinical signs  163

pre‐anesthetic considerations  55

Antitussives  58

complications  167

sedation/sedatives  56–58, 57 t

Antivenins  505, 518–519, 522

diagnostics  147, 164

venous access  59

Antivirals  111, 287, 290, 422, 435–436,  

differential diagnosis  147

volatile anesthetics  60–61, 60 t

449–450

glomerulonephritis  240

unique features in cats  33, 55

Anuria  231, 234, 239, 250, 250 t

history  147

urethral obstruction  227

Anxiolytic therapy  165, 225

initial assessments  163–164

vital signs  34, 56

Aortic thromboembolism  see arterial 

monitoring  147, 165

Anestrus  399

thromboembolism

physical examinations  147

Angiography  105, 135, 294

Apixaban  166

prognosis  167

Angiotensin Converting Enzyme (ACE) 

Aplastic anemia  345–346

prophylactic therapies  165–167

inhibitors  49, 153–154, 157–161, 

Apomorphine  481

respiratory function  164

216, 239–242, 246, 380

Appetite stimulants  91–92

secondary to heart disease  163–167

Animal Poison Control Center 

Applanation tonometry  434

sequelae  167

(ASPCA)  480

APTT  see activated partial thromboplastin 

spinal cord  288

Animal trauma triage (ATT) score  275

time tests

treatments  142, 147–148, 164–167

Anorexia  236, 429

Arrhythmias

triage  163–164

Antagonistic behavior  542, 542 f, 546

acute kidney injury  248

ASA  see American Society of 

Ant bites  519–520

anesthesia  49–51, 56

Anesthesiologists

Antegrade pyelograms  219–220, 220 f, 231

bradyarrhythmias  20, 50, 148, 169, 

Ascites, glomerulonephritis  240

Anterior lens luxation  445

175, 383

Aseptic peritonitis  208–209

Anterior uveitis  438–440, 439 b, 439 f

bradycardias  169–170, 174–175, 175 t

 Aspergillus sp. 111

Antibiotics (antimicrobials)

cardiac disease  157, 159–161, 169–175

Aspiration pneumonia  132, 133 f

acute abdomen  187–188

cardiac emergencies  143–149

Aspirin  136, 504, 504 b

acute kidney injury  249–250, 250 t

diabetes mellitus  359–361

Asthma  119–120, 122–129

bacterial cystitis  230

diagnosis  148, 150 f, 170–175

 see also lower airway diseases

drowning/submersion  516

dobutamine  169, 174–175, 175 t

clinical signs  119–120, 123

gastrointestinal emergency surgery  553

drug tables  173 t

definitions  119

600  Index

Asthma ( cont’d)

cystitis  230

insect bites/stings  505, 505 b, 509, 519–522

diagnostics  121–125

lower airway diseases  122

snakebites  509, 517–519

inhalers  127, 127 f

nasal pathogens  110

toxicological emergencies  505, 505 b

management  123, 125–129, 126 t, 127 f, 128 t

pneumonia  132, 135, 141

widow spider bites  505, 505 b, 509,  

pathophysiology  120–121

BAL  see bronchoalveolar lavage

521–522

respiratory patterns  119–120

Balloon dilation  113

wound types  31–32

Ataxia  253–258, 268–269, 272–279, 

Ballottement  186–187

Black widow spider bites  509, 521–522

286–291, 375–376

Barbiturates  265–266, 268

Bladder  see urinary bladder

Atelectasis  102, 134, 136, 142

Barrier function compromise  453

 Blastomyces dermatitidis  122

Atenolol  146, 149, 157–159, 173–174,  

Basic life support (BLS)  9, 11–15, 12 b

Bleeding emergencies  301–320

368–369

Baytril  see enrofloxacin

causes  301

Atopic dermatitis  453, 469–471, 473

B complex vitamins  369

clinical examinations  303–304

Atrial fibrillation  149, 159

Bee stings  519–520

clinical signs  301

Atrioventricular (AV) block  148–150, 149 f, 

Behavior changes

diagnostics  301–314

169–174, 360, 395, 487

analgesia  65–67

disseminated intravascular coagulation   

Atropine  13–15, 169, 174–175, 295–299, 

minimal‐stress handling  541–549, 542 f, 

301, 308–311, 310–311 f, 319

405, 435–437, 490–491

543 f, 548 f

drug tables  315–316 t

ATT  see animal trauma triage score

Benzodiazepines  549

hepatobiliary disease  308, 317–318

Auscultation

anesthesia  43–45, 47–51, 56, 59

history  303–304

abdominal  177

cardiopulmonary resuscitation  13, 14

monitoring  302–303

anesthesia  36, 42

gastrointestinal conditions  207

mortality  319–320

cardiac diseases  153–154, 163–164

neurologic emergencies  265–266, 

neoplasia  308–313, 310–311 f

cardiac emergencies  143

272–274, 279

physical examinations  304

cardiogenic arterial thromboembolism   

respiratory emergencies  93, 123

primary hemostasis  305–306, 308–311

163

toxicological emergencies  485

stabilization  302–303

cardiopulmonary resuscitation  11, 16

Beta‐blockers  124, 149, 157–161, 173, 

tests  304–312, 305 t, 306–307 f, 309–311 f

critically ill cats  36, 42

368, 441

thrombocytopenia  301, 304–314, 318–319

diabetes mellitus  358, 360, 363

Bethanechol  291, 299

treatments  302–303, 313–314, 317–320

environmental emergencies  510, 518

Bicarbonate

unique features in cats  301

gastrointestinal conditions  177

acute kidney injury  248–249

Blindness  443–445, 444 b, 444–446 f

lower airway diseases  120

anesthesia  51

Blocked cat, pain management  72

pulmonary parenchymal disease  132

cardiopulmonary resuscitation  12, 14–15

Blood in anterior chambers  447–448, 448 f

respiratory emergencies  94–96, 99, 106

diabetes mellitus  356–357, 360–361

Blood collection, acute abdomen  187

shock  20

hypercalcemia  385

Blood culture  240

thoracocentesis  533

hyperkalemia  381

Blood gas analysis

thromboembolism  163–164

pediatric emergencies  425

acute kidney injury  244

trauma  26

supplementation  79, 360–361, 376, 381–386

critically ill patients  38

upper airway disease  109, 110, 120–123

toxicological emergencies  482, 504, 507

geriatric emergencies  428

urologic emergencies  226, 232–234, 237

urethral obstruction  227

lower airway diseases  124

Autoimmune skin diseases  468–469

urologic emergencies  227, 239

trauma  27

Autonomic nervous system  293–295, 297

Bile acids  181, 208–209

urethral obstruction  227

AV  see atrioventricular block

Bile peritonitis  570–572, 574

Blood‐glucose levels  5, 27, 355–364, 359 b

Avulsion  583–585

Biliary obstruction  570–574

Blood lactate concentration  27

Azathioprine  246, 314, 331

Bilirubin concentration  183, 192, 214

Blood pressure

Azithromycin  136, 197

Biochemical analysis/tests  see specific tests

 see also hypertension; hypotension

Azotemia

Biologic toxins  295

acute kidney injury  236, 240–250

acute kidney injury  245

Biomarkers  144

anemia  323–324, 332, 340, 345

urinary emergency surgery  560, 562,  

Biopsies

anesthesia  34–36, 41–43, 50, 56, 

567–568

acute kidney injury  244

59–60, 64–67

urologic emergencies  223–226, 229–242

core biopsies  312–313

bleeding  303–304, 308

dermatologic  455, 459, 468, 470–471

critically ill patients  42, 50

 b

glomerulonephritis  240

diabetes mellitus  358, 360–363

Babesiosis  334–335

lung biopsies  135

emergency room procedures  525,  

Bacteria, urologic emergencies  215

renal biopsies  220, 241, 244

528–529

Bacterial culture

skin  455, 459, 468, 470–471

environmental emergencies  515–518, 

dermatologic  459, 463–464, 467–468, 

urologic emergencies  220–221

522–523

471, 473

Bismuth subsalicylate  504

fluid therapy  79–80

gastrointestinal conditions  182–183, 207

Bisphosphonates  385

geriatric emergencies  428

lower airway diseases  125

Bites

mean arterial  29, 56, 221, 246, 259,  

reproductive emergencies  412

bite wounds  31–32, 453–455, 459–460, 472

421–425

septic pleuritis  102

dermatologic emergencies  453–455, 

neurologic emergencies  258–260, 

Bacterial disease

459–460, 472

266, 271–278

 Index 601

ocular emergencies  444–445, 448

prolonged expiration, wheezes, and 

Calcium oxalate crystals  494–496, 495 f

pediatric emergencies  417, 421–422,  

cough  98–99

Calcium oxalate plants  498

425–426

rapid, shallow with abdominal component 

Calculi  217–218, 225–227, 244, 561–565

reproductive emergencies  404

and dull sounds  97–98, 98 b

Caloric requirement calculations  91–92

respiratory emergencies  101–103

rapid, smooth, shallow with crackles  96–97

 Campylobacter  179, 202, 423

seizures  272–273

tidal  124

 Cannabis sativa  501

thromboembolism  164

Breathing circuits  61

Canned diets  91

toxicological emergencies  479, 487,  

Breeding season  399

 Capillaria  121–122, 139, 141

501–502

Bromethalin  267, 271–277, 486–487, 486 b

Capnographs/capnometers  11, 13, 15, 124

trauma  25, 27–32

Bronchial asthma  125

Capstar  463

urologic emergencies  236, 240–250

Bronchiectasis  119–121, 125, 129

Capsule history  3

Blood products

Bronchitis

Carbamates  268, 295, 490–491, 490 b

anesthesia  38–40, 47

 see also lower airway diseases

Carbon monoxide  122, 487–488, 487 b

fluid therapy  75–80, 76 t, 80 t

causes  419

Carboxyhemoglobin  122

hematologic emergencies  304, 308, 332

clinical signs  119–120

Carcinomatosis  177–178, 178 f

neurologic emergencies  259–260

definition  119

Cardiac compressions  424

shock  24

diagnostics  121–123, 125

Cardiac disease  156–161

trauma  28–29

management  125–129, 126 f, 127 f, 128 t

ACE inhibitors  159

Blood smear evaluation  5–7, 306, 325–326,  

pathophysiology  120–121

advanced heart failure  160

326 f

Bronchodilator therapy  125–129, 126 t, 

algorithms for treatments  158 f

Blood tests  181–182

128 t, 141

arrhythmias  159, 169–175

Blood type  38, 302, 442–443

Bronchoscopy and bronchoalveolar lavage 

arterial thromboembolism  147–148,  

Blood urea nitrogen (BUN)  4–6

(BAL)  125

163–167

BLS  see basic life support

Brown recluse spider bites  505, 505 b,  

beta‐blockers  159–160

BMBT  see buccal mucosal bleeding time

520–521

calcium‐channel blockers  160

Body cavity lavage  514

Buccal mucosal bleeding time (BMBT)   

chronic heart failure  159–160

Body condition score  34, 36

306–308

clinical examinations  154–156, 155 f, 156 f

Body temperature  42–43

Budesonide  197, 203

clinical pathology  154

Body weight  34, 36

BUN (blood urea nitrogen)  4–6

confounding factors  159

Bone marrow examinations  312–313, 323, 

Buphthalmos  114, 440

digoxin  160

327, 336, 336 f, 343–349

Bupivacaine  71, 525, 535–537

diuretics  156, 159

Bone mineralization  576, 577

Buprenex  165

drug tables  157 t

 Bordetella bronchiseptica  110, 122

Buprenorphine  68, 69 t, 197, 290, 549

echocardiograms  155–156, 156 f

Boric acid  215

Burns

electrocardiography  154

Box inductions  46

classification  460–461

emergency room procedures  525, 

Brachial plexus avulsion  293, 294 t

dermatologic emergencies  460–462

529–530, 534–535

Brachial plexus block  46

electrical injuries/electrocution  522–523

heart failure  122, 156–160, 157 t, 158 f

Brachycephalic cats  109

reconstructive emergency surgery  583

life‐threatening heart failure  156–160, 

Bradyarrhythmias  20, 50, 148, 169, 175, 383

treatments  461–462

157 t, 158 f

Bradycardias  169–170, 174–175, 175 t

Butorphanol  47–49, 57–58, 68–69, 

lower airway diseases  122

Brain emergencies  271–279

93–95, 145–146

management  153–161

coma  275

Butterfly catheters  526

monitoring  160

diagnostics  271–279

oxygen supplementation  159

differential diagnosis  271, 273–274

 c

pathology  154

drug tables  279 t

Cabergoline  408

physical examinations  154

head trauma  275

Caffeine toxicity  502, 502 b, 502 f

pimobendan  160

hepatic encephalopathy  271, 273–274

Cages

pleurocentesis  156, 159

Horner syndrome  278–279

minimal‐stress handling  543–549

primary diseases  153

intoxicants  275–277

oxygen supplementation  530

refractory heart failure  160

rabies  271, 274

Calcitonin  382, 385–386, 392

secondary diseases  153

seizures  271, 272–274

Calcium

specific cardiac diseases  156–161

sodium abnormalities  277–278

electrolyte disorders  382–386

specific disease management  153–161

stupor  275

functions of  382

spironolactone  160

thiamine deficiency  271, 273–275, 279

homeostasis  382

systemic thromboembolism  161, 161 f

toxins  271, 273–277

Calcium carbonate  383, 388, 392, 411, 570

thoracic radiography  154–155, 155 f

treatments  271–279

Calcium‐channel antagonists  385

treatments  156–160, 157 t, 158 f

unique features in cats  271

Calcium‐channel blockers  160, 487

unique features in cats  153

vascular accidents  278–279

Calcium chloride  51, 383, 392, 487

Cardiac emergencies  143–150

vestibular disease  271, 277–278

Calcium dihydrates  494–496, 495 f

arrhythmias  148–149, 150 f

vitamin B1 deficiency  271, 273–275, 279

Calcium EDTA  269

arterial thromboembolism  147–148

Breathing  93–102

Calcium gluconate  7, 381, 403, 522

congestive heart failure  143–147, 146 t

loud  94–96

Calcium monohydrates  494–496, 495 f

diagnostics and monitoring  143–150

602  Index

Cardiac emergencies ( cont’d)

CPR supplies and equipment  10 b, 10 f

Central nervous system (CNS)

electrocardiography  148–149, 149 f

debriefs  17

analgesia  63–64

emergency room procedures  525, 

definitions  9

anesthesia  56–60

529–530, 534–535

discontinuation  17

electrolyte disorders  374, 376, 384, 

history  143, 147–148

drug volumes  12 b, 14 b

387, 393–395

Holter monitoring  148

general recommendations  9–10

environmental emergencies  509, 512, 523

imaging  147

pediatric emergencies  424–425

neurologic emergencies  253–270, 271, 

physical examinations  143–144, 147–148

postcardiac arrest care  9–10, 12 b, 15–17

291, 295, 299

signalment  143

precipitating factors  10, 11 b

pulmonary parenchymal disease  136,  

tests  144

prognosis  11

138–140

treatments  143–150, 146 t

return of spontaneous circulation  9, 

toxins  267–270, 295, 298, 299, 480,  

unique features in cats  143

11–13, 15–17

485–501

Cardiac massage  405

treatments  9, 11–17, 12 b

Central parenteral nutrition (CPN)   

Cardiac output heart failure, shock  20

unique features in cats  9

90–91, 90 t

Cardiac tamponade  525, 534–535

Cardiovascular system

Central sensitization  64, 69

Cardiac troponin  145, 154

anesthesia  34, 36–37, 42, 44–46, 56–60

Central venous catheters  526

Cardiogenic arterial thromboembolism 

drowning/submersion  515

Central venous pressure (CVP)  4, 187, 

(CATE)  163–167

frostbite/hypothermia  513

421–423, 431, 516, 523, 527

analgesic therapy  164, 165

heatstroke  510

Central vestibular disease  277

anticoagulants  166–167

lower airway diseases  120

Cephalexin  97, 410, 462–464, 469, 472

anxiolytic therapy  165

primary surveys  4

Cephalosporins  137, 197, 286, 309, 423, 

clinical signs  163

thyroid storm  367

469–472, 553, 562

complications  167

trauma  26–28

Cerebellar disease  254, 258, 272

diagnostics  164

waiting room triage  3

Cerebral edema  259, 273–277, 374, 377, 411, 

imaging  164

Carnitine  198, 206, 420–421

487, 500, 510–511

initial assessments  163–164

Carprofen  69, 70 t, 488–489

Cerebral perfusion  516

management  163–167

Carriers, minimal‐stress handling  543–549

Cerebral perfusion pressure (CPP)  59, 

monitoring  165

Casts, urologic emergencies  215

259–261, 425

prognosis  167

CATE  see cardiogenic arterial 

Cervical ventroflexion  254

prophylactic therapies  165–167

thromboembolism

Cesarean section  401–405, 401 b, 403–404, 

respiratory function  164

Catecholamines  22–23

412, 424, 577–580

sequelae  167

Cathartics, toxicological emergencies   

Chamber/box inductions  46

treatments  164–167

482, 482 b, 487, 499

Charcoal  481–482, 487–489, 494, 498, 

triage  163–164

Catheters

500, 503–507

Cardiogenic pulmonary edema  96–97, 

coccygeal epidural  525, 535–537

Chédiak–Higashi syndrome (CHS)  317

131–135, 138, 142, 265, 510, 515–516

emergency room procedures  525, 

Chelation  269, 340, 389–390, 499

Cardiogenic shock  19–20, 77

526–527, 535–536

Chemical fluid analysis  189, 191–192

Cardiomyopathy  153–161

gastrointestinal emergency surgery   

Chemical injuries, ocular  445

 see also cardiac disease; heart failure

551, 556–557

Cherry eye  445–446, 446 f

definition  153

hepatobiliary emergency surgery  572

 Cheyletiella  464–465, 465 f

dilated  157–160

intravenous  39

CHF  see congestive heart failure

hypertrophic  49–50, 154, 155, 157–160

pediatric emergencies  419

 Chlamydia psittaci  110

hypertrophic obstructive  155, 157–160

placement  419, 525, 535–536

Chlorambucil  197, 203, 241, 331, 

restrictive  155, 157–160

ureteral obstruction  231

469–470, 472

right ventricular  153, 155

urethral  212–213, 227, 525, 535–537

Chloramphenicol  347, 419

unclassified  153, 155, 157–160

urinary  525, 535–536

Chlorhexidine gluconate  197

ventricular  153, 155

urologic emergencies  212–213

Chlorpheniramine  472

Cardiopulmonary arrests (CPA)

wound‐soaker  71–72

Chlorpromazine  197, 206

 see also cardiopulmonary resuscitation

Caudal cranial fossa  272

Cholangiohepatitis  206–207, 570–572, 574

clinical signs/recognition  11

Caudectomy  585–586, 588–589, 588 f

Cholangitis  206–207

precipitating factors  10, 11 b

Cavitary effusion  367, 370

Cholecalciferol toxicity  245, 489–490, 489 b

prognosis  11

CBC  see complete blood counts

Cholecystectomy  572, 574

unique features in cats  9

Cefazolin  410, 436, 462, 472, 553, 585

Cholecystitis  570–571

Cardiopulmonary cerebral resuscitation   

Cefotaxime  137, 197

Cholecystoduodenostomy  572, 573

424–425

Cefoxitin  137, 511, 516, 518, 571

Cholecystoenterostomy  570–574

Cardiopulmonary resuscitation (CPR)   


Cefpodoxime  462–464, 469, 472

Cholecystojejunostomy  572, 573

9–17, 424–425

Ceftazidime  197

Choledochal catheters  572

advanced life support  9, 11–13, 12 b, 13

Ceftriaxone  137

Choledochal stenting  570–574, 573 f

basic life support  9, 11–15, 12 b

Cell line evaluations  6–7

Cholesterol  418

cerebral resuscitation  424–425

Cellulitis  460

Cholestyramine  482–483

clinical signs/recognition  11

Central intravenous catheter  13

Cholinergic receptors  268

 Index 603

Cholinesterase  295

hepatobiliary emergency surgery  571

Consumption, bleeding  313

Cholinesterase‐inhibiting insecticides   

pediatric emergencies  418

Contaminants  see toxicological emergencies

490–491, 490 b

Coagulometer  305

Contrast cystography  218, 225, 235, 561

Chorioretinitis  304, 438–439, 439 f, 444

Coagulopathy

Contrast fluoroscopic/radiographic 

Chronic blood loss  342–343

emergency room procedures  526–527, 

studies  227

Chronic bronchitis  125–127, 126 f, 127–129, 

533–534, 537

Contrast radiography  552, 584

127 f, 128 t

environmental emergencies  511–513

Contusion  263

Chronic enteropathy  202–203

gastrointestinal conditions  311–312

Cooling therapy  511

Chronic heart failure  159–160

hepatobiliary disease  571

Copperhead bites  517–518

ACE inhibitors  159

respiratory emergencies  96–98

Copying strategies  541–544, 541–542 f,  

beta‐blockers  159–160

shock  24, 77

549

calcium‐channel blockers  160

toxicological emergencies  483–484

Coral snake bites  518–519

digoxin  160

Cobalamin  181

Core biopsies  312–313

diuretics  159

Cocaine toxicity  265

Corneal lacerations  446–447, 446 f

monitoring  160

 Coccidioides immitis  122

Corneal sequestrum  438, 438 f

pimobendan  160

Coccygeal epidural  525, 536–537

Corneal ulcers  434–438, 435 b, 435–438 f, 

spironolactone  160

Coccygeal trauma  582–583, 588–589

591, 595

treatment  159–160

Codeine  286

Coronavirus  287, 422

Chronic idiopathic rhinosinusitis  111

Cold diuresis  513, 515

Corrosives, toxicology  492–493, 493 b

Chronic kidney disease (CKD)

Colitis  202

Corticosteroids

clinical signs  237

Colloid solution therapy  56, 75–77, 76 t

dermatologic emergencies  468–469,  

definitions  236

Colopexy  204

473–476

diagnostics  237

Colorado State University Feline Acute Pain 

electrolyte disorders  375, 386–387

fluid therapy  237–239

Scale  66, 67 t

environmental emergencies  511, 518

physical examinations  237

Coma  258–259, 261, 275

gastrointestinal conditions  207–208

tests  237

Comorbid conditions  427

hematologic emergencies  315–316, 331, 

treatments  237–239

Complete blood counts (CBC)

334, 343, 347

urologic emergencies  231, 236–241

acute kidney injury  244

lower airway disease  124–129

Chronic osteoarthritis  72

anemia  325

neurologic emergencies  261–263, 286, 

Chronic renal disease  212, 215–217, 220, 

bleeding  312

288–289, 297

344–345, 362, 378–380, 391

critically ill patients  37–38

ocular emergencies  437–440, 443,  

Chronic stress  541–543, 543 f, 548–549

gastrointestinal conditions  195

447–450

Chronic therapy, lower airway 

lower airway diseases  121

shock  23

diseases  127–129, 128 t

pulmonary parenchymal disease  134–135

toxicological emergencies  489, 492

CHS  see Chédiak–Higashi syndrome

thyroid storm  367

upper airway disease  115

Chylothorax  104–106

urethral obstruction  226

Cortisol  25, 59, 64–65, 355, 370–372

Chylous effusion  100–101, 105

Compressions, cardiac  424

Cortrosyn  368, 370, 372

Ciliary body inflammation  438–440, 

Computed tomography (CT)  39, 133, 

Cottonmouth bites  517–518

439 b, 439 f

219, 571

Coughs  110

Ciprofloxacin  250

Congenital myotonia  256

CPA  see cardiopulmonary arrests

Circumferential compressions  9, 12 f, 12 b

Congestive heart failure (CHF)

CPN  see central parenteral nutrition

Cisapride  196–197, 204, 206, 247

 see also cardiac emergencies; heart failure

C‐polymodal fiber (CPM fibers)   

Citrus oils  491–492

diagnostics  143–147

185–186

CKD  see chronic kidney disease

emergency room procedures  525,  

CPP  see cerebral perfusion pressure

Clarithromycin  137

534–535

CPR  see cardiopulmonary resuscitation

Clavamox  see amoxicillin‐clavulanic acid

monitoring  144–145

Crackles, breathing  96–97

Clavulanic acid  197

physical examinations  143–144

Cramps, heat  509

Cleaning agent toxicity  492–493

pleural effusion  100

Cranial nerves  254–255, 283

Clearance

signalment  143

Cranial vena cava obstruction  105

toxicological emergencies  482, 482 b

systemic thromboembolism  161

Craniectomy  261, 275

urologic emergencies  216

treatments  145–147, 146 t

Creatine levels  215–216

Clindamycin  23, 103, 137, 141, 197, 288, 

Conjunctivitis  448–449, 448 f, 449–450

Creatinine

290, 296, 472

Conn’s syndrome  367, 370–371

gastrointestinal conditions  183

Clopidogrel  137, 148

Conservative therapy  235

geriatric emergencies  428

 Clostridium spp. 180, 298

Constant rate infusions (CRI)

CRI  see constant rate infusions

Cluster seizures  264

cardiopulmonary resuscitation  14 b, 

Critically ill cats

CNS  see central nervous system

16–17, 17 b

algorithm for  2

Coagulation

critically ill patients  46, 68–72, 69 t, 71 t

analgesia  63–72

abnormalities in acute kidney injury  251

fluid therapy  80–81

anesthesia  33–52

assays  38

pain management  68–72, 69 t, 71 t

approach to  1–8

geriatric emergencies  428

Constipation  203–204, 525, 538

cardiovascular system  36
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Critically ill cats ( cont’d)

gastrointestinal emergency surgery  553

ectoparasites  453–456, 454 f, 463–465,  

definitions  33

hepatobiliary emergency surgery  571

470–475

diagnostic imaging  38–39

pulmonary parenchymal disease  135

eosinophilic granuloma complex 

emergency databases  5–7, 5 b

pyometra  406

lesions  454–455, 454 f, 463, 471–475

emergency plans  7–8, 7 b

uroperitoneum  235

flea combing  453, 455, 463–465

fluid therapy  39–40, 47, 50–51

vaginal  399, 400 f, 406

fleas  453–455, 454 f, 463–465, 473–475

nutritional support  83–92

food allergies  453–455, 454 f, 

pain management  63–72

 d

463–464, 470–471

patient preparation  39–40

Dalteparin (Fragmin)  166

fungal infections  453, 455–460, 457–458 f, 

primary surveys  1–2, 4–5, 4 b

Dapsone  246, 521

466–467, 470–471, 473–476 t

radiography  39

 D‐dimers  308

infections  453–476

respiratory system  36

Debridement  298, 420, 435, 437–438, 438 f, 

inflammation  453–456, 461–465, 

secondary surveys  1–2, 5, 5 b

446, 460–462, 518

468–471, 475

serum biochemical analysis  37–38

Decerebellate posture  254, 258, 272

mites  453–458, 457 f, 463–470, 465 f, 474 t

telephone triage  1–2, 2 b

Decerebrate posture  254, 254 f, 272–273, 

parasitic diseases  453–458, 463–470, 

triage  1–4, 2 b, 3

276, 487

465 f, 470–475

unique features  1, 63

Decompressive craniectomy  261

polymerase chain reactions  458–459, 466

waiting room triage  2–4, 2 b, 3

Decontamination, toxicological 

pruritus  453–471, 465 f, 473 t, 475 t

Crusting dermatitis  454–455, 458–459, 

emergencies  480–497, 482 b, 501–507

scaling  454, 457 f, 458, 464–468, 465 f

465–468, 470–471

Deep burn wounds  461–462

sensitivity  459, 463–464, 467, 468, 471

 Cryptococcus  111, 122

Deep pain sensation  582, 585–586, 589

skin scrapings  453, 456–457, 457 f, 

 Cryptosporidium  421

Deep ulcers  436

464–466, 470–471

Crystalloid solution therapy  56, 75–78,  

Defensive behavior  541–546, 542 f

trauma  453–462, 466–467, 470–472, 475

76 t, 80

Defibrillation  9, 13, 15, 529–530

treatments  460–476

Crystals

Degenerative intervertebral disk disease  286

ulcers  454–455, 454 f, 459–461, 467–468

calcium oxalate  494–496, 495 f

Degloving injuries  462–463

unique features in cats  453

urologic emergencies  215

Dehydration

Dermatophyte polymerase chain reaction   

CT  see computed tomography

conditions requiring fluid therapy  77–79, 

458–459, 466

Cuff selection and position  528–529

78 t, 80 b

Dermatophyte test medium  458

Cushing’s reflex  267, 425

diabetic ketoacidosis  357–358

Dermatophytosis  453–458, 466–467, 473–475

Cutaneous drug reactions  454–455,  

pediatric emergencies  417–418, 420–422

Descemetocele  436–437

469–470

 Demodex  453, 454, 455, 457 f, 463

Desflurane  60

Cutaneous trunci reflex  284–285, 285 t

Demodicosis  457, 465–466, 474

Desoxycorticosterone pivalate (DOCP)  368, 

 Cuterebra  122, 278–279

Dendritic corneal lesions  435

370, 372

CVP  see central venous pressure

Dental radiographs  195

Detemir insulin  353, 353 b

Cyanocobalamin  197

DepoMedrol  127, 128 t

Dexamethasone  127, 128 t

Cyclosporine

Depressive craniectomy  261

airway obstruction  49

dermatologic emergencies  469–471,  

Dermatitis  453–455, 463–471, 473

dermatologic emergencies  468–469, 

473

Dermatologic emergencies  453–476

473, 476

gastrointestinal conditions  197

abscesses  453, 455, 459–460, 472

electrolyte disorders  385, 393

hematologic emergencies  314, 315, 331

allergies  453–467, 470–475

endocrine diseases  368–372

lower airway disease  129

alopecia  454, 454 f, 457–459, 457 f, 

environmental emergencies  520

ocular emergencies  450

463–471, 468 f, 473 t, 475 t

hematologic emergencies  314, 315, 331

Cyproheptadine  129, 494, 505–507

atopic dermatitis  453, 469–471, 473

lower airway disease  126, 127–128

Cystectomy  565, 566 f

bacterial culture  459, 463–464, 467, 

neurologic emergencies  261–263, 286

Cystic calculi retrieval  561–562

468, 471

parenchymal disease  137, 141–142

Cystic duct  572–573

biopsies  455, 459, 468, 470–471

respiratory emergencies  49, 98–99

Cystitis  223–225, 230

bite wounds  453–455, 459–460, 472

shock  23–24

Cystocentesis  213–214, 525, 535

burns  460–462

toxicological emergencies  487, 500

Cystograms  218–219, 224–225, 229, 235

clinical signs  453–454, 459–471

Dexamethasone sodium phosphate  23, 49, 

Cystoscopy  225

crusts  454–455, 458–459, 465–468, 470–471

126–127, 137, 141–142, 520

Cystostomy  562, 564–567, 564 f, 566 f

cytology  453, 455–459, 456 f, 464–471

Dexamethasone suppression test  371–372

Cysts  570

degloving injuries  462–463

Dexmedetomidine  50, 480–481

Cytauxzoonosis  335–336, 336 f

dermatitis  453–455, 463–471, 473

Dextran  56, 76, 198, 202, 343

Cytology

dermatophytosis  453–458, 466–467,  

Dextrose

acute abdomen  189, 191

473–475

acute kidney injury  248

dermatologic emergencies  453, 455–459, 

diagnostics  453–471

anesthesia  51

456 f, 464–471

drug reactions  469–470

dermatologic emergencies  458, 487

endotracheal wash  124–125

drug tables  472–476 t

diabetes mellitus  355, 358–363

gastrointestinal conditions  179, 182–183, 

ears  453, 455–459, 464–470, 464 f,  

electrolyte disorders  377, 381, 390,  

195, 205–208, 553

473–476

394–395

 Index 605

emergency room procedures  537

nutritional support  91

Doxycycline  334, 349, 436–437, 446, 448

gastrointestinal conditions  204

respiratory emergencies  95–96, 101

 D‐penicillamine  269, 499

hematologic emergencies  340

seizures  272, 274

 Dracaena  493

neurologic emergencies  265, 272, 279

spinal cord  291

Draining tracts  455, 459

nutritional support  89–90

thromboembolism  165

Drowning/submersion  509, 515–517

parenchymal disease  136

toxicological emergencies  487, 491, 497, 

clinical signs  515

pediatric emergencies  420–422

500, 502–503

definitions  515

reproductive emergencies  403–405

DIC  see disseminated intravascular 

diagnostics  516

toxicological emergencies  499, 511

coagulation

history  515

urologic emergencies  221, 227

Diestrus  399, 406

monitoring  517

Diabetes mellitus

Diet

pathophysiology  515

chemistry profiles  352–353

 see also nutritional support

physical examinations  515

classification  350–351

diabetes mellitus  354, 361

prognosis  517

clinical examinations  352, 356, 362

pediatric emergencies  421

tests  516

clinical resolution  354

types  91–92

treatments  142, 516–517

clinical signs  352, 356

Diffuse alveolar pattern  97

Drug‐induced Heinz bodies  337–338, 338 f

complications  351–355, 362

Digoxin  160, 173

Drug‐induced hyperkalemia  380

diagnostics  352–353

Dilated cardiomyopathy  101, 153–154, 

Drug reactions

electrolytes  351, 356–364, 360 b, 363 b

157–160, 169

dermatologic  469–470

endocrine diseases  351–364

Diltiazem  146, 149, 157, 172–173, 393

pulmonary parenchymal disease  142

fluid therapy  351, 355–364, 360 b

Diltiazem hydrochloride  172, 173 t

Drug volumes  12 b, 14 b

goals of treatment  353–354

Dioctyl sodium sulfosuccinate  197

Dry drowning  515

history  352, 356, 362

Diphacinone  485

Dryer injury  31

hyperglycemia  351–356, 359–363

Diphenhydramine  518, 520

Duloxetine  493–494

hyperglycemic hyperosmolar 

Dipstick analysis  214

Dysautonomia  297–298

syndrome  351, 353–354, 362–363

Direct blood pressure  525, 529

Dysphagia  109

hypoglycemia  351, 353–355, 358, 361

Disk disease  286

Dysphoria  42, 47–48

insulin  351–364

Disk herniation  263

Dystocia  401–404, 401 b, 401–402 f, 

insulin overdose  355–362

Diskospondylitis  286–287

403 b, 576–580

management  353–364

Displacement behavior  542, 542 f

Dysuria  223–224, 226, 229, 234

metabolic diseases  351–364

Disseminated intravascular coagulation 

monitoring  354

(DIC)  301, 308–311, 310–311 f,  

 e

neurologic emergencies  295–296

319–320

Ears  453, 455–459, 464–470, 473–476

nutritional support  354, 361

Dissociative anesthetics  44, 49, 58–59,  

ear cytology  453, 455–457, 456 f, 468

pathophysiology  350–351, 355–356,  

69–70

ear mites  453, 464, 464 f, 467, 474

362

 see also specific agents

Eastern coral snake bites  518–519

peripheral nervous system  295–296

Distress responses/signs  64, 541–549

Eccentrocytes  338, 338 f

physical examinations  352, 356, 362

Distributive shock  21–22, 77

ECG  see electrocardiography

remission  351–352, 353–362

Diuresis  80, 249–250, 523

Echocardiograms

signalment  352, 356, 362

Diuretics

arterial thromboembolism  147, 147 f, 164

tests  352–353

cardiogenic arterial thromboembolism   

cardiac disease  155–156, 156 f

treatments  353–364

164

cardiogenic arterial thromboembolism   

unique features in cats  351

chronic heart failure  159

164

urinalysis  352–353

drowning/submersion  516

pleural space disease  101

Diabetic ketoacidosis (DKA)  351, 353–364,  

glomerulonephritis  239

Eclampsia  410–411, 411 b

359 b

hyperkalemia  381–382

Ectoparasites  453–456, 454 f, 463–465,  

clinical signs  356

life‐threatening heart failure  156

470–475

history  356

ureteral obstruction  232

Ectopic pregnancy  412

pathophysiology  355–356

DKA  see diabetic ketoacidosis

Edema

physical examinations  356

Dobutamine  23, 169, 174–175, 175 t

cardiogenic pulmonary edema  96–97, 

prognosis  362

DOCP  see desoxycorticosterone pivalate

131–135, 138, 142, 265, 510, 515–516

signalment  356

Dopamine  23

glomerulonephritis  240

Dialysis  221–222, 382, 385

anesthesia  47–50, 56

interstitial alveolar  28

Diaphragmatic hernia  106, 582–589,  

cardiopulmonary resuscitation  14, 16–17

pulmonary  93, 96–98, 101, 131–135, 138, 

584 f

heart failure  157–159

142, 265, 510, 515–516

Diarrhea  75–80, 89–91, 136–140, 180–182, 

shock  23

Edrophonium chloride  297

193, 197–199, 202–205

toxicological emergencies  481, 494

EDTA  188, 269, 302, 305, 323–326, 333, 340

Diazepam

Doppler sphygmomanometry  525, 528–529

Effusion

anesthesia  56, 444

Dorsal recumbency  567

 see also pleural effusion

neurologic emergencies  265, 270, 

Dorzolamide  441, 448

abdominal effusion  188–189, 234–235

272–277, 279, 295

Doxapram  16, 95, 405, 580

acute abdomen  188–189, 191–192
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Effusion ( cont’d)

urologic emergencies  216

fluid therapy  525, 537

cavitary effusion  367, 370

Electronic monitoring plans  8

four quadrant paracentesis  533

cytology  553, 571

Embolectomy  165

handling procedures  525–526, 541–549

gastrointestinal conditions  182, 182 t

Emergencies

indirect blood pressure  525, 528–529

hyperkalemia  380

 see also emergency room procedures

minimal‐stress handling  541–549

pericardial  20, 525

cardiac  143–150

nasogastric tube placement  525, 537–538

peritoneal  553, 571

environmental  509–523

neoplasia  525, 532–534

septic  191

gastrointestinal surgery  551–559

oxygen supplementation  530

undiluted abdominal effusion  191–192

geriatric  427–431

pericardiocentesis  525, 534–535

uroperitoneum  234–235

hematologic

peritoneal lavage  533

EG  see ethylene glycol

anemia  323–349

pleural effusion  525, 531–534

Ehrlichiosis  348–349

bleeding  301–320

point‐of‐care ultrasound  531–532

Electrical defibrillation  9, 13, 15, 529–530

hepatobiliary surgery  570–574

respiratory distress  525, 530–534

Electrical injuries/electrocution  509,  

neurologic

restraint procedures  525–526, 528

522–523

brain  271–279

subcutaneous fluid administration   

Electrocardiography (ECG)

central nervous system  253–270

525, 537

cardiac disease  154

general approach  253–270

technical procedures  525–538

cardiac emergencies  148–149, 149 f

peripheral nervous system  256,  

thoracocentesis  525, 533–534

cardiopulmonary resuscitation  11–16

293–298

ultrasound  531–532

emergency room procedures  529–530

spinal cord  256, 262, 263, 283–291

unique features in cats  525, 541

life‐threatening arrhythmias  169–170,  

ocular  433–450, 591–595

urinary catheter placement  525, 535–536

171 f, 174

ophthalmic surgery  591–595

vascular access  526–528

seizures  272–273

pediatric  417–426

Emesis  480–481, 485–495, 498–507

ureteral obstruction  231

peripheral nervous system  256, 293–298

Emetics  58, 480–482, 480 b, 490–493,  

urethral obstruction  226

pleural effusion  93, 96–106, 98 t, 100–106,  

501–503

uroperitoneum  234

103 f

EMF  see endomyocardial fibroelastosis

Electrocution  509, 522–523

reconstructive emergency surgery   

Emphysema  94, 124, 217, 583

Electrolyte disorders  373–395

582–589

Empyema  see septic pleuritis

calcium  382–386

reproduction  399–413, 576–580

Enalapril  160, 239, 241, 368–369

causes  373–376, 374 t, 376 t, 378

respiratory  93–106

Encephalopathy  207–208

clinical signs  374–388

breathing  93–102

Endocrine diseases

diagnostics  375–387, 390

pleural effusion  93, 96–106, 98 t, 

diabetes mellitus  351–364

drug tables  391–395, 392–395 t

100–106, 103 f

diagnostics  351–353, 367–372

hypercalcemia  384–386

surgery

hyperadrenocorticism  367, 368, 371–372

hyperkalemia  380–382

gastrointestinal  551–559

hyperaldosteronism  367, 370–371

hypermagnesemia  391, 391 b

hepatobiliary  570–574

thyroid storm  367–369

hypernatremia  375–378

ophthalmic  591–595

unique features in cats  351, 367

hyperphosphatemia  387–388

reconstructions  582–589

Endometritis  409

hypokalemia  378–380

reproduction  576–580

Endomyocardial fibroelastosis (EMF)   

hypomagnesemia  389–391

trauma surgery  582–589

153, 155, 159–160

hyponatremia  373–375

urinary surgery  560–568

Endoscopy  181–182

hypophosphatemia  386–387

toxicological  479–507

Endothelial function  428

magnesium  388–391

trauma surgery  582–589

Endotracheal intubation  59, 106

phosphorous  386–388

urinary surgery  560–568

Endotracheal wash (ETW)  124–125

potassium  378–382

urologic  211–242

End‐tidal capnography  124

sodium  373–378

Emergency databases  5–7, 5 b

Enemas  482, 496–499, 525, 538

treatments  375–391, 375 t, 377 b, 

Emergency plans  7–8, 7 b

Enilconazole  466–467

381 b, 385 b

Emergency room procedures  525–538,  

Enoxaparin  146, 166, 316, 320

unique features in cats  373

541–549

Enrofloxacin

Electrolytes

abdominocentesis  525, 532–533

acute kidney injury  243, 250

 see also electrolyte disorders

AFAST & TFAST  531–532, 531–532 f

dermatologic emergencies  468–469, 

acute kidney injury  248

blood pressure  525, 528–529

473, 476

chronic kidney disease  232

cardiac disease  525, 529–530, 534–535

gastrointestinal conditions  205, 207, 209

diabetes mellitus  351, 356–364, 360 b,  

catheters  525, 526–527, 535–536

hematologic emergencies  334, 345

363 b

coccygeal epidural  525, 536–537

ocular emergencies  433, 443–444

drowning/submersion  516

congestive heart failure  525, 534–535

reproductive emergencies  408, 410

fluid therapy  75, 79–80, 80 t

constipation  525, 538

respiratory emergencies  97, 137, 197

hyperglycemic hyperosmolar syndrome   

cystocentesis  525, 535

Enteral nutrition  84–88, 84–88 f, 92 t

363–364

direct blood pressure  525, 529

Enteropathy  202–203

seizures  272

electrocardiograms  529–530

Enterotomy catheter  551, 556–557

urethral obstruction  226

enemas  525, 538

Enucleation  443, 591–595, 594 f

 Index 607

Environmental emergencies  509–523

Esophageal tubes  85–88, 86–88 f

Fenbendazole  138, 141, 198

bites  509, 517–522

Esophagitis  84, 196–197, 200, 334

Fentanyl  44, 68–69, 69 t, 165, 290

central nervous system  509, 512, 523

Esophagrams  179

Ferrous sulfate  343

clinical signs  510, 512–513, 515, 517, 519, 

Estrous cycle  399, 400 b

Fetal bone mineralization  576, 577

520–522, 523

Estrus  399, 400 b, 406

Fetotoxic drugs  412

diagnostics  510, 516, 517, 518–519, 521, 

Ethanol  249–251, 494, 496

FHV‐1  see feline herpesvirus‐1

522, 523

Ethylene glycol (EG)  244–245, 249, 249 b, 

Fibrinolysis tests  308, 312

drowning/submersion  509, 515–517

494–496, 494 b

Fibroadenomatoid hyperplasia  411–412,  

electrical injuries/electrocution  509,  

Etomidate  59

411 f

522–523

ETW  see endotracheal wash

Fibrocartilaginous embolic myelopathy   

frostbite  509, 511–515

Eutocia  400–401, 400 f

288

heatstroke  509–511

Excretory urograms  191–192, 231–232, 235

Fidget, displacement behavior  541–542,  

history  509, 517, 519, 520, 521, 522

Exenteration  441, 448

542 f

hyperthermia  509–511

Exophthalmos  449, 449 f

Fight, behavior  541, 542 f, 546

hypothermia  509, 511–515

Expiratory grunt/push  120

Fine‐needle aspiration (FNA)  220, 456

insect bites/stings  509, 519–522

Extracellular translocation  380

Fire ant stings  519–520

monitoring  510, 512–513, 517, 518, 519, 

Extracranial stabilization  259–260

First aid advice  2

521, 522, 523

Extrahepatic biliary obstruction  570–574

FIV  see feline immunodeficiency virus

pathophysiology  509–510, 512, 515, 517, 

Exudate

Flea combing  453, 455, 463–465

518–519, 520, 521, 522

gastrointestinal conditions  182, 191, 208

Fleas  453–455, 454 f, 463–465, 473–475

physical examinations  510, 512–513, 515, 

respiratory emergencies  98, 100, 102

Flight, reactive, defensive behavior   

517, 519, 520–522

Eyelid lacerations  447, 447 f

541, 542 f

prognosis  511, 512–513, 517, 518, 519, 

Eyes

Flow‐by oxygen  530

520, 521, 522, 523

neurologic emergencies  255, 255 f, 258

Fluconazole  138

snakebites  509, 517–519

ocular emergencies  433–450

Flucytosine  138

spider bites  509, 520–522

ophthalmic emergency surgery  591–595

Fludrocortisone acetate  368, 370

testing  510, 516, 517, 523

toxicological emergencies  480

Fluid analysis  182–183, 189, 191–192

treatments  511, 513–515, 516–518, 519, 

Fluid cytology  102

520, 521–522, 523

 f

Fluid diuresis  80

unique features in cats  509

Face masks  530

Fluid losses, hypernatremia  376

venom  509, 517–522

Facial nerve paralysis  112

Fluid therapy  75–81

Eosinophilia  121, 132, 135, 141, 195, 455

Facial neurologic emergencies  255, 255 f

acute abdomen  187–188

Eosinophilic granuloma complex lesions   

Fan‐belt injuries  31

acute kidney injury  246–247

454–455, 454 f, 463, 471–475

FAST  see focused assessment with 

anesthesia  39–40, 47, 50–51, 56

Epidural administration  71, 72 t

sonography for trauma

calculations  78 b

Epinephrine

Fasting recommendations  55

chronic kidney disease  236–238

analgesia  64, 68

Fatty casts  215

colloid solutions  56, 75–77, 76 t

anesthesia  47, 56–57

FCV  see feline calicivirus

conditions requiring  77–81

arrhythmias  172–173

Fear, minimal‐stress handling  541–542,  

bicarbonate supplementation  79

cardiopulmonary resuscitation  10, 12–16

546–549

dehydration  77–79, 78 t, 80 b

hematologic emergencies  341

Fecal examinations  121, 179–180, 180 f

fluid diuresis  80

lower airway disease  125–126

Feeding tubes  84–85, 88–92, 194–196

potassium supplementation  78–79, 78 t

pediatric emergencies  424–426

Feline acne  470–471

shock  22–23, 75–78, 77 t, 78 t

pulmonary parenchymal disease  137, 142

Feline calicivirus (FCV)  110

surgery and anesthesia  56

reproductive emergencies  405

Feline Cushing’s syndrome  267, 425

trauma  27–28

shock  23

Feline Grimace Scale  66, 67 t

constant rate infusion  80–81

Epistaxis  20, 30

Feline herpesvirus‐1 (FHV‐1)  110

critically ill patients  7, 39–40, 47, 50–51

Epsom’s salt  471, 482

Feline idiopathic cystitis (FIC)  223–225

crystalloid solutions  56, 75–78, 76 t, 80

Erosion, dermatologic emergencies  455, 

Feline immunodeficiency virus (FIV)   

diabetes mellitus  351, 355–364, 360 b

461, 465, 468, 470

324–325, 330, 333, 346, 348

diabetic ketoacidosis  357–358, 361

Erythema multiforme  461, 472–473, 521

Feline infectious anemia  333–334, 333 f

emergency plans  7

Erythrocyte indices  325, 325 t

Feline infectious peritonitis (FIP)  208–209,  

emergency room procedures  525, 537

Erythromycin  198, 204, 206, 435, 442–450

271–273, 287, 301, 308–309, 319

frostbite/hypothermia  514–515

Erythropoiesis  343–344

Feline ischemic encephalopathy  278–279

gastrointestinal emergency surgery  553

Erythropoietin  237, 251, 343–344

Feline ischemic myelopathy  288

geriatric emergencies  430–431

Esmolol  146, 149, 157, 159, 172–173,  

Feline leukemia virus (FeLV)  309, 313, 

goal of  75

368–369

323–330, 333–348

heatstroke  511

Esophageal disease  196, 200

Feline lower urinary tract disease (FLUTD)   

hypercalcemia  385

Esophageal foreign body  200

224–225

hyperglycemic hyperosmolar syndrome   

Esophageal temperature probes   

Feline pancreatic lipase immunoreactivity   

363–364

512–513, 512 f

181

hyperkalemia  381–382
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Fluid therapy ( cont’d)

monitoring  512–513

chronic enteropathy  202–203

hypernatremia  377–378

pathophysiology  512

clinical signs  177, 551

hypoadrenocorticism  370

physical examinations  512–513

complications  558–559

hypocalcemia  383

physiologic effects  512–513

constipation  203–204

hypomagnesemia  390–391

prognosis  512–513

critically illness and anesthesia  36–37

maintenance  78 b, 79

treatments  513–515

cytology  179, 182–183, 189, 191, 195, 

neonatal resuscitation  405–406

Fructosamine serum  352

205–208, 553

neurologic emergencies  260–261

FTLI  see serum trypsin‐like immunoreactivity

diagnostics  177–196, 200–208, 551–553

ongoing loss  79

Full‐thickness burn wounds  461–462

diarrhea  202

pediatric emergencies  417–418, 420–422

Fungal culture  453, 455–460, 457–458 f, 

differential diagnosis  185–186, 195–196, 

requirements of  420, 430–431

466–467, 470–471

200, 202–204, 208

sample case  80 b

Fungal infections

drug tables  197–199 t

seizures  266, 272

dermatologic emergencies  453, 455–460, 

effusion  182, 182 t, 188–189, 191–192

septic pleuritis  103

457–458 f, 466–467, 470–471, 473–476 t

emergency surgery  551–559

shock  22–23, 75–78, 77 t, 78 t

lower airway diseases  122

encephalopathy  207–208

spider bites  522

nasal diseases  111

endoscopy  181–182

systemically healthy cats  56

Furosemide

enteropathy  202–203

thromboembolism  240

acute kidney injury  250

enterotomy catheter  551, 556–557

trauma  27–28

advanced or refractory heart failure  160

esophageal disease  196, 200

unique features in cats  75

cardiac diseases  156–160

esophagrams  179

ureteral obstruction  231–232

cardiac emergencies  146–147

fecal examinations  179–180, 180 f

urethral tear  229

chronic heart failure  159

flow charts  193–194, 194 f

Fluorescein stain tests  434

congestive heart failure  145

fluid analysis  182–183, 189, 191–192

Fluoroquinolones  137, 334, 419, 435–437,  

electrolyte disorders  378, 381, 385, 

fluid therapy  187–188

473–474

391, 393

folate  181

Fluoroscopic/radiographic studies  227

hypercalcemia  385

foreign bodies  72, 200–201, 551–559

FLUTD  see feline lower urinary tract disease

pleural space disease  101

frostbite/hypothermia  513

Fluticasone  127, 128

pulmonary parenchymal disease  138

gastrostomy  555–556, 556 f

Fluticasone propionate  127, 128 t

respiratory emergencies  96–97, 101, 138

globulins  181

FNA  see fine‐needle aspiration

thromboembolism  164, 174

heatstroke  510

Focal seizures  264

toxicological emergencies  487

hepatic encephalopathy  207–208

Focused assessment with sonography for 

hepatic lipidosis  205–206

trauma (FAST)  38–39, 153, 156, 229, 

 g

hyperkalemia  380

234, 531–532, 531–532 f

Gabapentin  58, 290, 496, 549

imaging  192–193

Focused cardiac ultrasound  144–145, 153, 

Gait  271, 283–284, 285 t

intraoperative considerations  553–555

156, 158 f

Gallbladder  572, 573, 573 f

intussusception  558

Folate  181

Gastric lavage (GL)  481, 487

lower GI series evaluation  179

Folic acid  198

Gastric ulceration  201–202

management  195–209

Food allergies  453–455, 454 f, 463–464,  

Gastrointestinal conditions

megacolon  203–204

470–471

abdominal exploration  192–194, 193 f

monitoring  177–183

Foreign bodies

abdominal palpation  177

nutritional support  194, 200, 201, 206

acute abdomen  192

abdominal radiographs  177–181, 178 f, 

obstipation  203–204

emergency surgery  551–559

200–201, 205, 208

obstruction  200–201, 203–205, 551–559

gastrointestinal conditions  200–201,  

abdominal ultrasound  181

oral cavity disease  195–196, 200

551–559

abdominocentesis  182

oral examinations  177

lower airway diseases  122

acute abdomen  185–194

packed cell volumes  182

nasal diseases  111

acute diarrhea  202

palpation  177

nasopharyngeal diseases  113–114

acute kidney injury  247–248, 247 t

pancreatic lipase immunoreactivity  181

ocular emergencies  443

acute vomiting  200

pancreatitis  204–205

pain management  72

albumin  181

paracentesis  182

tracheal diseases  115–116

analgesia  193–194

perception of pain  185–186

Four quadrant paracentesis  180–182, 533

anastomosis  551, 554–559, 557 f

peritoneal lavage  180–181, 188–189, 190 f

Fractional clearance  216

anesthesia  36–37

peritonitis  208–209

Fractures  289, 293–294, 294 t

auscultation  177

physical examinations  186–187, 192–193, 

Fragmin  166

bile acids  181

193 f, 195, 200, 203, 207, 551

Freeze reaction signs  541–542, 542 f

biochemical analysis  191–192

post‐operative considerations  551, 

Freshwater drowning/submersion  509,  

blood tests  181–182

553–559, 555 f, 558

515–517

causes  186, 186 b

pre‐operative considerations  553

Frostbite  509, 511–515

chemical fluid analysis  189, 191–192

procedural considerations  555–558

clinical signs  512–513

cholangiohepatitis  206–207

radiography  177–181, 178 f, 195–196, 

definitions  511–512

cholangitis  206–207

200–201, 203, 205, 208
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reconstructive emergency surgery  582

neurologic emergencies  261, 296, 299

systemic thromboembolism  161

rectal prolapse  204

parenchymal disease  137, 140–142

treatments  145–147, 146 t

regurgitation  196, 200

shock  23–24

life‐threatening  156–160, 157 t, 158 f

resection  557–558, 557 f

Glucose

algorithms  158 f

septic peritonitis  551, 553–559, 555 f

 see also dextrose; hyperglycemia; 

confounding factors  159

serum trypsin‐like immunoreactivity  181

hypoglycemia

diuretics  156

stabilization procedures  187–188

acute abdomen  192

drug tables  157 t

sutures  554–556

cardiopulmonary resuscitation  425

oxygen supplementation  159

tests  551–553

diabetes mellitus  355–364, 359 b

pleurocentesis  156, 159

thyroid storm  367

emergency databases  6

treatments  156–160, 157 t, 158 f

toxicological emergencies  480–489, 

gastrointestinal conditions  183

lower airway diseases  122

492–502, 505–507

hyperkalemia  381

treatments  156–160, 157 t, 158 f

treatments  196, 200–209

urologic emergencies  214

Heart murmur  20, 34–36, 94–97, 153–154, 

ulceration  201–202

Glucose serum  363–364

160, 227

ultrasound  181, 201, 208

Glucuronidation  55

Heart size  36, 96

undiluted abdominal effusion  191–192

Glycemic control  24

Heartworm  121, 122

unique features in cats  177, 185, 531

Glycopyrrolate  175 t

Heat cramps  509

upper GI series evaluation  179

GN  see glomerulonephritis

Heat exhaustion  509

Gastroprotectants  291

Granulomatous meningoencephalitis 

Heatstroke  509–511

Gastrostomy  88–89, 555–556, 556 f

(GME)  271, 273

Heat support  56

Gastrostomy tubes  88–89

Heavy metals  295, 498–500, 498 b

Geriatric emergencies  427–431

 h

Heinz bodies  336–338, 338 f

comorbid conditions  427

H1N1 influenza virus  110

Hematocrit (Hct)  7, 417–418, 420, 422

definitions  427

H2 blockers  247, 511

Hematologic emergencies

fluid requirements  430–431

Hair  454–476

anemia  323–349

history  427

Hairballs  195

bleeding  301–320, 315–316 t

laboratory value variations  428

Halitosis  110

clinical examinations  303–304, 324–327

neurologic system  430

Handling procedures

clinical signs  301

nutritional support  429

emergency room procedures  525–526, 

diagnostics  301–314, 323–349

pharmacology  430

541–549

disseminated intravascular coagulation   

physical examinations  427–428

minimal‐stress handling  541–549

301, 308–311, 310–311 f, 319

radiography  428–429

Haws  446

monitoring  302–303, 323–324

sarcopenia  429

HCM  see hypertrophic cardiomyopathy

neoplasia  308–313, 310–311 f

unique features in cats  427

HcT  see hematocrit

nonregenerative anemias  323, 325, 327, 

 Giardia  179, 180 f, 202, 421

HE  see hepatic encephalopathy

329 t, 331–333, 342–349

GL  see gastric lavage

Head mange  456, 457 f, 465

physical examinations  304, 325

Glargine insulin  353, 353 b

Head trauma  259–260, 275, 425–426

regenerative anemia  324–337, 329 t,  

Glasgow CMPS‐Feline pain scale  66, 67 t

etiology  259

342

Glaucoma  440–443, 440 b, 440–442 f,  

pathophysiology  259

stabilization  302–303, 323–324

591–592

pediatric emergencies  425–426

tests  304–312, 305 t, 306–307 f, 

Global hemostatic function tests  308

treatments  259–260

309–311 f, 325–327

Globe disorders/injuries/trauma  433, 

Heart disease  see cardiac disease

thrombocytopenia  301, 304–314,  

441–443, 441 f, 449, 591–595, 594 f

Heart failure

318–319

Globulin serum  181

chronic  159–160

treatments  302–303, 313–314, 

Glomerular filtration rate  428

ACE inhibitors  159

317–320, 330–349

Glomerulonephritis (GN)  240–242

beta‐blockers  159–160

unique features in cats  301, 323

clinical signs  240

calcium‐channel blockers  160

Hematology

definitions  240

digoxin  160

anesthesia  37–38

diagnostics  240

diuretics  159

frostbite/hypothermia  513

physical examinations  240

monitoring  160

heatstroke  510

tests  240–241

pimobendan  160

pediatric emergencies  418

treatments  241–242

spironolactone  160

Hematopoietic neoplasia  347–348

Glucocorticoids

treatment  159–160

 Hemobartonella felis  333

dermatologic emergencies  463–465,  

congestive

Hemobartonellosis  333–334, 333 f

469–471

diagnostics  143–147

Hemodialysis  222

diabetes mellitus  352–353

emergency room procedures  525,  

Hemodynamic care  16–17

gastrointestinal conditions  197–199

534–535

Hemoglobin  323, 325, 332, 335–341, 344

hematologic emergencies  314–316,  

monitoring  144–145

Hemolysis  323–341, 328 f, 329 t, 348

330–331

physical examinations  143–144

Hemolytic anemia  323, 327–330, 334–335, 

hypercalcemia  385, 393

pleural effusion  100–101

338–340, 422–423

hypoadrenocorticism  370

signalment  143

Hemolytic transfusion reactions  332

610  Index

Hemorrhage

Hyperactive thyroid gland tissue inhibitors   

Hypertrophic cardiomyopathy (HCM)   

anemia  323–324, 328 f, 329 t, 341–348

368–369

49–50, 154, 155, 157–160

bleeding  313

Hyperadrenocorticism  367, 368, 371–372

Hypertrophic feline muscular dystrophy   

hepatobiliary emergency surgery  573

Hyperaldosteronism  367, 370–371

256

pulmonary parenchymal disease  133, 143

Hyperalgesia pain  63, 64

Hypertrophic obstructive cardiomyopathy 

shock/trauma  20, 25

Hypercalcemia  384–386, 384 t

(HOCM)  155, 157–160

treatments  142

Hyperglycemia  351–356, 359–363

Hyperventilation  425

Hemorrhagic anemia  341–346

Hyperglycemic hyperosmolar syndrome 

Hypervolemic status  376

Hemostasis  305–313, 317

(HHS)  351, 353–354, 362–364

Hyphema  301, 434, 439–440, 447–448, 448 f

 see also bleeding emergencies

Hyperinflation  121

Hypnotics  59

Heparin

Hyperkalemia  232, 237, 380–382

 see also specific agents

anemia  332

Hypermagnesemia  391, 391 b

Hypoadrenocorticism  367, 369–370

arterial thromboembolism  148, 165–166

Hypermetria  254, 258, 379

Hypocalcemia  382–383, 383 t

bleeding  307–308, 316, 320, 331

Hypernatremia  375–378

Hypoglossal nerve  255

critically ill cats  5

Hyperosmolar therapy  267

Hypoglycemia  351–355, 358, 361, 

urologic emergencies  221

Hyperparathyroidism  237–238, 384

420–421, 511

Hepatic disease  38, 367

Hyperphosphatemia  238–239, 248, 383, 

Hypoglycemic, oral  353–354

Hepatic dysfunction, thyroid storm  367

387–888, 388 t, 392–393, 395

Hypokalemia  231, 237, 378–380, 379 t

Hepatic encephalopathy (HE)  207–208, 

Hyperplasia  411–412, 411 f

Hypokalemic myopathy  296

271, 273–274

Hypertension

Hypomagnesemia  389–391, 389 t, 390–391

Hepatic lipidosis  205–206, 570–571

acute kidney injury  236, 246, 250

Hypometria  254

Hepatobiliary disease  186, 308, 317–318

cardiopulmonary resuscitation  16

Hyponatremia  216, 277, 373–375, 374 t, 

Hepatobiliary emergency surgery  570–574

chronic kidney disease  236, 239

375, 375 t

clinical signs  570

geriatric emergencies  427

Hypoparathyroidism  383

complications  574

glomerulonephritis  239

Hypophosphatemia  340–341, 386–387,  

diagnostics  570–571

hematologic emergencies  344–345

387 t

intraoperative considerations  571–572

hyperaldosteronism  370–371

Hyposthenuria  384

physical examinations  570

neurologic emergencies  273–274, 

Hypotension

post‐operative considerations  574

278–279, 299

anesthesia  36, 40, 47–50, 59, 68–70

pre‐operative considerations  571

ocular emergencies  433, 439, 444–445

cardiac emergencies  145–146, 156–159

procedural considerations  572–574, 573 f

ophthalmic emergency surgery  591

cardiopulmonary resuscitation  16–17

prognosis  574

pediatric emergencies  424

critically ill patients  47

stabilization  571

respiratory emergencies  125–126, 

respiratory emergencies  95, 101–102, 120

tests  570–571

136–137, 140

shock  20, 22–24

unique features in cats  570

seizures  273

trauma  27

Hernias  262–263, 412–413, 582–589, 584 f

thyroid storm  369

Hypothermia

Herniorrhaphy  586–588

trauma  27–29

frostbite  509, 511–515

HES  see hydroxyethyl starches

urologic emergencies  236, 239, 241, 250

pediatric emergencies  420

Hetastarch  37, 40, 76–77, 259

Hypertensive encephalopathy  271, 273, 278

physiologic effects  512–513

HHS  see hyperglycemic hyperosmolar syndrome

Hyperthermia

shock  19–20, 22

Hiding behavior  544

analgesia  65, 68–69

trauma  28

High‐rise syndrome  30

anesthesia  56

Hypotonic crystalloids  377

 Histoplasma capsulatum  122

heatstroke  509–511

Hypotonic fluid losses  376

HOCM  see hypertrophic obstructive 

neurologic emergencies  264–265, 268,  

Hypotonic solutions  75, 76 t

cardiomyopathy

275–291

Hypoventilation  99, 425

Holter monitoring  148

shock  22

Hypovolemia  15–17, 26–27, 68–69, 246, 358

Home management, toxicological 

toxicological emergencies  485–486,  

electrolyte disorders  373–374, 376–377

emergencies  479

492–493

pediatric emergencies  421–423

Homeostasis  373, 378, 382, 386, 389

trauma  31

Hypovolemic shock  20–21, 77

Honeybee stings  519–520

Hyperthyroidism

Hypovolemic status  376, 377

Hookworms  421

arterial thromboembolism  163

Hysterotomy  404, 577–579

Horner’s syndrome  255, 255 f, 278–279

gastrointestinal conditions  200, 202–203

Hornet stings  519–520

neurologic emergencies  279, 293

 i

Hot spots  454

peripheral nervous system  296

IASP  see International Association for the 

Housing facilities  547–548

thyroid storm  367–369

Study of Pain

Human poison control centers  480

Hyperthyroid myopathy  296

Iatrogenic ureteral injuries  234

Humulin insulin  353

Hypertonic saline  27–29, 76–77, 261, 266, 

IBD  see inflammatory bowel disease

Hydrochlorothiazide  160

273–275, 523

Ibuprofen  497

Hydrogen peroxide  481

Hypertonic sodium phosphate enemas   

IDA  see iron deficiency anemia

Hydromorphone  44, 57–58, 67–69, 69 t, 290

496–497

Idiopathic brain inflammation  271, 273

Hydronephrosis  217, 220, 231

Hypertonic solutions  27–29, 75–77, 76 t, 

Idiopathic hypereosinophilia syndrome   

Hydroxyethyl starches (HES)  76–77

260, 267, 273–275, 523

132, 141

 Index 611

Idiopathic inflammatory  296

toxicological emergencies  487

Ketamine

Idiopathic polyneuropathy  297

urologic emergencies  51, 227, 248

critically ill cats  44, 49, 69–70, 71 t

Idiopathic pulmonary fibrosis  132, 134, 142

Interestrus  399

lower airway diseases  123

Idiopathic vestibular disease  271, 277–278

Interferon  345, 347

reproductive emergencies  403, 578

Idoxuridine  436, 449–450

International Association for the Study of 

systemically healthy cats  55, 59

Ileus  559

Pain (IASP)  63

Ketoacidosis  351, 353–364, 359 b

Imepitoin  274

Interpleural analgesia  71, 72 t

Ketoconazole  139, 315, 466

IMHA  see immune‐mediated hemolytic  

Interstitial alveolar edema  28

Ketonemia  356, 359

anemia

Interstitial pneumonia  142

Ketones  214, 356–357

Imidazole  45

Intervertebral disk herniation  262–263,  

Ketonuria  352, 356

Immune‐mediated hemolytic anemia 

286

Ketoprofen  69, 70 t

(IMHA)  323, 327–335, 338–340, 413

Intestinal anastomosis  551, 554–559

Kidneys

Immune‐mediated thrombocytopenia 

Intracellular translocation  387

acute injury  243–251

(ITP)  313–314

Intracranial pressure  523

chronic disease  231, 236–239

Immune response, chronic stress  541–542

Intracranial stabilization  260–261

sodium  373

Immune system, pain management  65

Intramarrow disorders  345–349

urologic emergencies  216–217

Immunosuppressive therapy  241, 331–332

Intraocular pressure (IOP)  434–435, 

Kirby’s Rule of 20  34, 35 t

Incontinence  298

439–441, 444, 448–450

Kittens

Incoordination/ataxia  256–257

Intraosseous access  14 b, 527

cerebellar hypoplasia  271

Indirect blood pressure  525, 528–529

Intrapleural analgesia  72

hematologic emergencies  332–333, 342

Indolent corneal ulcers  437–438

Intravenous diltiazem hydrochloride   

ocular emergencies  444

Infectious peritonitis  271, 273

172, 173 t

pediatric emergencies  417–426

Infectious thrombocytopenia  314–317

Intravenous lipid therapy  482

reproductive emergencies  400–404,  

Inflammation

Intravenous potassium supplementation   

410–412

analgesia in critically ill cats  63

379–380, 379 t

upper airway diseases  110, 114, 122

dermatologic emergencies  453–456, 

Intravenous urograms  561

K‐max  78, 79

461–465, 468–471, 475

Intussusception  558

hepatobiliary emergency surgery  570–574

Invasive blood pressure  525, 529

 l

ocular emergencies  438–440, 439 b, 439 f, 

Iodine  369

Laboratory value variations  418, 428

448–449, 448 f

Ionized calcium  425

Lacerations, ocular emergencies  446–447, 

peripheral nervous system  296

Ion trapping  482

446–447 f

spinal cord  286, 287

IOP  see intraocular pressure

Lactate concentration  27, 38, 183

Inflammatory bowel disease (IBD)  182, 195, Iopanoic acid  368, 369

Lactational disorders  410–412, 411 b, 411 f

202–204, 317

IRIS AKI grading criteria  245, 245 t

Lactulose  198

Inflammatory laryngeal diseases  114

Iris inflammation  438–440, 439 b, 439 f

Laryngeal diseases  114–115

Inflammatory myopathy  296

Iron deficiency anemia (IDA)  342–343

Laryngeal paralysis  95, 114–115

Inflammatory pulmonary parenchymal 

Iron dextran  198

Laryngoscopy  10, 48, 95

disease  132, 141

Iron supplementation  202, 238, 342–343

Laryngospasm  13, 40, 515–516

Influenza virus  110

Ischemic myelopathy  288

Larynx diseases  48, 110, 114–115

Inhalants

Ischemic neuromyopathy  294

Latanoprost  441

anesthesia  46, 60–61, 60 t

Isoantibodies  332

Laxatives  198–199, 204, 538

lower airway diseases  127–129, 128 t

Isoerythrolysis  332–333

l‐carnitine  198, 206

Inhaled toxins  142

Isoflurane  41, 45, 50, 60, 403, 578

Lead toxicity  295, 498–500, 498 b

Inhalers, asthma  127, 127 f

Isoproterenol  175 t

Lens luxation  445

Inherited coagulopathies  318–319

 Isospora  180 f

Lente insulin  353, 353 b

Injectable chronic therapy  127, 128 t

Isotonic losses  20, 22

Leukograms  121, 352, 371, 516, 519

Injuries  see trauma

Isotonic solutions  75–76, 76 t

Levamisole  139

Inotropes  50

ITP  see immune‐mediated thrombocytopenia

Levetiracetam  266, 272, 274, 487

In‐saline agglutination test  326–327

Itraconazole  139, 466, 474

Levothyroxine  500

Insect bites/stings  505, 505 b, 509, 519–522

Ivermectin  139, 141, 464–465, 474

Lidocaine

Insecticides  268, 295, 490–491, 490 b

analgesia  64, 70–72

Insoluble calcium oxalate plants  498

 j

anesthesia  40–41, 46, 48

Inspiratory time  109

Jejunostomy or jejunal tubes  89

arrhythmias  169, 172–174, 173 t

Insulin

Jen Chung Acupuncture  405

cardiac diseases  157, 159

diabetes mellitus  351–364

J‐through‐PEG tube  89

cardiac emergencies  146, 149

electrolyte disorders  378–381, 

Jugular catheters  526

cardiopulmonary resuscitation  9–10, 

386–389, 395

J waves  513

12–15, 14 t

hematologic emergencies  316, 340

critically ill cats  71

neurologic emergencies  273

 k

reproductive emergencies  404, 419

overdose  6, 355–362

Keppra  266–267

toxicological emergencies  502

pediatric emergencies  420

Keratoconjunctivitis sicca (KCS)  449–450

Life support  9–15, 12 b

shock  24

Keratostomy  591–593, 595

Life‐threatening arrhythmias  169–175

612  Index

Life‐threatening heart failure  156–160, 

Low‐molecular‐weight heparins (LMWH)   

Mediastinal mass  105–106

157 t, 158 f

148, 166

Medulla disease  272

Life‐threatening respiratory emergencies  93

Lufenuron  141

Megacolon  203–204

Lilies  500–501

Lung aspirate  135

Megaesophagus  195, 255, 293

Lime sulfur (LymDyp)  465–466, 474

Lung auscultation  110

Megakaryocytic hypoplasia  313

Line block  404, 578

Lung biopsy  135

Melaleuca  501–502

Lip droop  255, 255 f

Lung compliance  124

Meloxicam  69–70, 70 t, 567, 595

Lipidosis  570–571

Lung lobe torsion  142

Melting ulcers  437

Lipid pneumonia  141

Lung mechanics  124

Menace response  258

Lipid therapy  482

Lung resistance testing  124

Mentation  253, 258–259, 283

Liquid diets  91

Luxation  288–289, 294

Mercury intoxication  295

Liver disease  38, 367

LymDyp (lime sulfur)  465–466, 474

Mesenteric thrombosis  163, 193

LMWH  see low‐molecular‐weight heparins

Lymphangiectasia  104, 182

Metabolic acidosis  231, 237

Local anesthetics  66, 70–72, 72 t

Lymphosarcoma  286

Metabolic diseases

Locomotion  271

Lysine  320, 436, 449

Conn’s syndrome  367, 370–371

Long‐acting insulin therapy  353, 353 b

diabetes mellitus  351–364

Loud, breathing  94–96

 m

hyperadrenocorticism  367, 368,  

Lovenox  166

Magnesium

371–372

Low‐dose dexamethasone suppression 

diabetic ketoacidosis  359–360, 361

hyperaldosteronism  367, 370–371

test  371–372

electrolyte disorders  388–391

thyroid storm  367–369

Lower airway diseases  119–129

function of  388–389

unique features in cats  351, 367

anesthesia  123–124

homeostasis  389

Metabolic disorders

asthma  119–120, 122–129

Magnesium chloride  390–391, 394

frostbite/hypothermia  513

auscultation  120

Magnesium sulfate  173, 471, 482

peripheral nervous system  295–296

bronchiectasis  119–121, 125, 129

Magnetic resonance imaging (MRI)  133, 

Metabolism, anesthesia in healthy cats  55, 

bronchitis  119–122, 125–129, 126 f, 

286, 287 t

56, 58, 59–60

127 f, 128 t

 Malassezia  453, 456, 464, 474

Metamucil  199

bronchodilators  125–129, 126 t, 128 t

Malformation, spinal cord  286

Methadone  67, 69 t, 290

chronic therapy  127–129, 128 t

Malnutrition  83, 91, 383, 429, 512, 559

Methemoglobin  14, 123, 337–339, 483–484

clinical signs  119–120, 123

Mange  456, 457 f, 465

Methemoglobinemia  338–339

confirmatory diagnostics  123–125

Mannitol

Methimazole  293, 297, 368–370

corticosteroids  125, 126 t, 127

cardiopulmonary resuscitation  14, 17

Methocarbamol

definitions  119

electrolyte disorders  374–376, 387

environmental emergencies  522

diagnostics  121–125

environmental emergencies  511, 523

neurologic emergencies  268–269, 275, 

differential diagnosis  122–123

neurologic emergencies  260–261, 267, 

279, 286, 291, 298–299

drug combinations  123–124

273, 275–277, 279

spinal cord  291

emergencies  94–95, 98–99

ocular emergencies  440–441

toxicological emergencies  485, 487, 

emergent therapies  123, 125–127, 126 t,  

reproductive emergencies  411

494, 502–507

127 f

toxicological emergencies  487, 500

Methoxyflurane  578

endotracheal wash  124–125

trauma  29

 N‐methyl‐D‐aspartate (NMDA)  58, 60, 64, 

etiology  123–125

urologic emergencies  232–233, 250

69–72, 71 t, 290

history  119

Marbofloxacin  474

Methylprednisolone  289, 291, 474

infections  122

Marijuana  501

Methylprednisolone acetate  127, 

lung mechanics  124

Maropitant citrate  198

128 t, 368–372

neoplasia  122

Mask/chamber/box inductions  46

Methylprednisolone sodium succinate 

oxygenation  123

Massasaugas bites  517–518

(MPSS)  260–263

oxygen therapy  125, 126 t

Massive envenomation  520

4‐Methylpyrazole  249

pathophysiology  120–121

Mass lesions  116–117

Methylxanthines  502, 502 b, 502 f

physical examinations  119–120

Mastitis  410

Metoclopramide  196–198, 204–206, 

pulmonary function tests  124

MCHC  see mean corpuscular hemoglobin 

238, 247

respiratory patterns  119–120

concentration

Metoprolol  173

serum chemistry  121

MCV  see mean corpuscular volume

Metritis  409–410, 410 f

signalment  119

MDS  see myelodysplastic syndromes

Metronidazole  196–198, 204–206, 236, 

smoke inhalation  122–123

Mean arterial blood pressure  29, 56, 221, 

247, 269–270

treatments  123, 125–129, 126 t, 127 f, 128 t

246, 259, 421–425

Miconazole  466, 468, 474

tumors  122

Mean corpuscular hemoglobin concentration 

Microangiopathic anemia  340

unique features in cats  119

(MCHC)  325

 Microsporum canis  457, 458 f

whole‐body plethysmography  124

Mean corpuscular volume (MCV)  325

Microvascular thrombosis  259, 262, 319

Lower GI series evaluation  179

Mechanical gastrointestinal obstruction   

Midazolam

Lower motor neuron signs  99, 256, 284, 

551

anesthesia  44, 52, 56–58

288, 291, 298

Meclizine  279

arterial thromboembolism  165

 Index 613

lower airway disease  122–123

Mycophenolate mofetil  331

spinal cord  286

neurologic emergencies  265, 272, 

Mycoplasmal infections  132, 136–137, 139

Neoral  469–471, 473

279, 295

 Mycoplasma spp. 110, 122, 125, 333–334

Nephrostomy catheters  233, 565

toxicological emergencies  491, 500

Mycotic pneumonia  132, 141

Nephrotoxins  245

Midbrain disease  272

Mycotoxin  19

Nerve block  46, 66, 71

Milbemycin  464, 474

Myelinated fiber axons  185–186

Neuroactive steroids  45

Miliary dermatitis  455, 463–464

Myelodysplastic syndromes (MDS)  346–347

Neurological system

Mineralocorticoid replacement  370

Myelofibrosis  347

anesthesia  36

Minimal‐stress handling (MSH)  541–549

Myelophthisis  347

critically ill cats  3–5, 4 b, 8, 36

acute stress  541–543

Myocardial oxygen demand and stress   

drowning/submersion  515

behavioral responses  541–549, 542 f, 

49–50

emergency plans  8

543 f, 548 f

Myocardial thickening  155

geriatric emergencies  430

cages/carriers  543–549

Myoglobin casts  215

heatstroke  510

chronic stress  541–543, 543 f, 548–549

Myopathy  294, 296

ocular emergencies  433, 444–446

copying strategies  541–544, 542–543 f, 549

Myositis  296

primary surveys  4–5, 4 b

instructing clients  542–546

Myotatic reflexes  284

shock  21

medication procedures  547, 549

smoke inhalation  122

restraint procedures  542–549

 n

thyroid storm  367

triage  541, 543–544

 N‐acetylcysteine  139, 198

trauma  28–29

unique features in cats  541

Naloxone  13–14, 45, 68, 405

waiting room triage  3

Minnesota Urolith Center  229

Naloxone, atropine, vasopressin, epinephrine,  Neurologic emergencies Minocycline  139

and lidocaine (NAVEL)  13

bladder  284, 285 t, 298

Misoprostol  204

Narcotics  123

brain  271–279

Mites  453–458, 457 f, 463–470, 465 f, 474 t

Nasal discharge  110


central nervous system  253–270, 271, 

Mithramycin  385, 394

Nasal diseases  110–114, 112–113 f

291, 295, 299

Modified Glasgow Coma Scale  261

Nasal planum deformation  110

CNS toxins  267–270

Modified transudates  98–101, 182, 191

Nasoesophageal tubes  84–85, 84–85 f

coma  275

Mometamax  475

Nasogastric tubes  84–85, 84–85 f, 

diabetes  295–296

Morphine

525, 537–538

drug tables  279 t, 290–291 t, 299 t

acute kidney injury  246

Nasopharyngeal diseases  112–114, 113 f, 114

fluid therapy  260

arterial thromboembolism  165

National Animal Poison Control Center  480

general approach  253–270

coccygeal epidural  525, 535–537

Natural colloid solutions  76

head trauma  275

critically ill cats  67–69, 69 t, 72

NAVEL  see naloxone, atropine, vasopressin, 

hepatic encephalopathy  271, 273–274

emergency room procedures  525,  

epinephrine, and lidocaine

Horner syndrome  278–279

536–537

NCPE  97–98

intoxicants  275–277

fluid therapy  80

Near‐drowning  509, 515–517

ischemic neuromyopathy  294

systemically healthy cats  55, 57–58

Neomycin  198, 208, 468–469, 476

mentation  253, 258–259

Mortality, bleeding  319–320

Neonatal alloimmune hemolytic 

metabolic disorders  295–296

Motility modifiers  247–248

anemia  422–423

myopathies  294, 296

Motor neuron signs  99, 256, 284, 288, 291, 

Neonatal emergencies  see pediatric 

neurotrauma  259–263

298, 486

emergencies

overviews  253–270

MPSS  see methylprednisolone sodium 

Neonatal isoerythrolysis  332–333

peripheral  256, 293–298

succinate

Neonatal resuscitation  404–406, 405 b

rabies  271, 274, 287

MRI  see magnetic resonance imaging

Neonatal sepsis  423–424

secondary surveys  253–256

MSH  see minimal‐stress handling

Neoplasia

secondary to metabolic disorders   

Mucolytics  139, 141

anemia  347–348

295–296

Mucomyst  139, 198

bleeding  308–313, 310–311 f

seizures  264–268, 271, 272–274

Multimodal analgesia  66

clinical signs  105

sodium abnormalities  277–278

Mupirocin  471, 474

diagnostics  106, 111

spinal assessments  283–285

Murmurs  20, 34–36, 94–97, 153–154, 

emergency room procedures  525,  

spinal cord  256, 262–263, 283–291

160, 227

532–534

stabilization  259–261

Muscarinic effects  268

hematologic emergencies  308–313, 

stupor  275

Muscarinic receptors  291, 491

310–311 f

thiamine deficiency  271, 273–275, 279

Muscle relaxants  291, 522

hepatobiliary emergency surgery   

toxins  267–270, 271, 273–277, 295

Muscle tone  284, 285 t

570–572, 574

trauma  256, 259–263, 288–290, 293–294

Muscular dystrophy  256

laryngeal diseases  114–115

unique features in cats  253, 271, 283, 293

Muscular system, thyroid storm  367

lower airway diseases  122

urinary system dysfunctions  298

Musculoskeletal system  36, 57

nasal diseases  111–112

vascular accidents  278–279

Myasthenia gravis  256, 293, 296–297

nasopharyngeal diseases  114

vascular disease  294

Mycobacterial infections  132

pleural space disease  105–106

vitamin B1 deficiency  271, 273–275,  

Mycophenolate  198

pulmonary parenchymal disease  142

279

614  Index

Neuromuscular blockade  46–47

caloric requirement calculations  91–92

intraocular pressure  434, 440–441, 

Neuromuscular junction disorders  256

critically ill patients  83–92

444, 448–450

Neuromuscular system

diabetes mellitus  354, 361

iris inflammation  438–440, 439 b, 439 f

frostbite/hypothermia  513

diabetic ketoacidosis  361

keratoconjunctivitis sicca  449–450

peripheral nervous system  293, 295–296

diet types  91–92

lacerations  446–447, 446–447 f

Neuromyopathy  294

choice of  91

monitoring  433, 436, 446–448

Neuropathic pain  64, 70, 496

veterinary canned diets  91

neurological examinations  433,  

Neuropathy  64, 293–294, 294 t

veterinary liquid diets  91

444–446

Neuroprotection  17

enteral nutrition  84–88, 84–88 f, 92 t

ophthalmic examinations  433–435, 

Neurotrauma  259–263

gastrointestinal conditions management   

438–443, 447–450

Neutral protamine Hagedorn insulin   

200, 201, 206

ophthalmic surgery  591–594

353, 353 b

geriatric emergencies  429

post‐traumatic ocular sarcoma  450

Newborns, emergencies of  see pediatric 

glomerulonephritis  240

prolapsed nictitans  445–446

emergencies

importance of  83

sarcomas  450

Nicotinic receptors  268, 491

indications for  83–84

surgery  591–594

Nitenpyram  463

monitoring  92

tear production  449–450

Nitroglycerin pastes  96, 101, 159

parenteral nutrition  89–92, 89–90 t

tests  433–435, 439–440, 444–450

Nitroprusside  101, 214, 368, 369

pediatric emergencies  418

third eyelid  433, 438, 445–446

 N‐methyl‐D‐aspartate (NMDA)  58–60, 64, 

reassessments  92

ulcers  434–438

69–72, 71 t, 290

route determination  84

unique features in cats  433

Nociception  63–64, 66, 69–70, 185–186, 284

shock  19, 24

Ocular pressure  44, 172, 434, 501, 591

Nodules  455–456, 459, 471

unique features in cats  83

Oculomotor nerve  254–255, 275

Noncardiogenic edema  132

Nystagmus  255, 257–258, 271, 273, 277–279

Olfactory nerve  254

Nonlinear corneal ulcers  437–438

Oliguria  231, 239, 250, 250 t

Nonregenerative anemias  323, 325, 327, 

 o

Omeprazole

329 t, 331–333, 342–349

Obstipation  203–204

gastrointestinal conditions  196, 198, 201

Non‐steroidal anti‐inflammatory 

Obstruction

hematologic emergencies  315

drugs (NSAID)

foreign bodies  551–559

spinal cord  291

critically ill cats  66, 68–72, 70 t, 71 t

gastrointestinal  200–201, 203–205,  

toxicological emergencies  492, 493, 

heatstroke  511

551–559

504, 511

lower airway diseases  124

hepatobiliary emergency surgery   

urologic emergencies  247

ophthalmic emergency surgery  595

570–574

Oncotic support  37, 37 t

toxicological emergencies  488–489, 497

reproductive emergencies  401–402

Ondansetron  198, 200, 205–206, 247,  

Norepinephrine  14, 16, 23, 64, 68, 

urinary emergency surgery  560–562,  

559

430, 493–494

567–568

One‐way valve systems  61

Normal feline reproduction  399

Obstructive shock  77–78

Open‐mouth breathing  1–3, 25–26, 

Normotension  16–17

Obtundation  258–259

109–114, 271, 277, 483, 510

Normoventilation  16

Occult blood  214

Ophthalmic emergency surgery  591–595

Normoxemia  16

Ocular emergencies  433–450

 see also ocular emergencies

Nose diseases  110–114, 112–113 f

acute blindness  443–445, 444 b, 444–446 f

clinical signs  591

 see also nasal diseases

anterior lens luxation  445

complications  595

bacterial pathogens  110

anterior uveitis  438–440, 439 b, 439 f

diagnostics  591–592

chronic idiopathic rhinosinusitis  111

blindness  443–445, 444 b, 444–446 f

enucleation  591–595, 594 f

clinical signs  110, 111

blood in anterior chambers  447–448, 448 f

glaucoma  591–592

diagnostics  110, 111, 112 f

chemical injuries  445

intraoperative considerations  592

foreign bodies  111

cherry eye  445–446, 446 f

keratostomy  591–593, 595

fungal infections  111

ciliary body inflammation  438–440, 439 b,  

physical examinations  591

neoplasia  111–112

439 f

post‐operative considerations  595

respiratory tract complex  110–112

clinical signs  433–435, 438–450

pre‐operative considerations  591–592

treatments  111

conjunctivitis  448–449, 448 f, 449–450

procedural considerations  592–595

tumors  111–112

corneal lacerations  446–447, 446 f

prognosis  595

Nostril flaring  109

corneal ulcers  434–438, 435 b, 435–438 f

tarsorrhaphy  592–595, 593 f

 Notoedres cati  456, 457 f

diagnostics  433–435, 439–440, 444–450

tests  591–592

NSAID  see non‐steroidal anti‐

emergency surgery  591–594

unique features in cats  591

inflammatory drugs

exophthalmos  449, 449 f

Ophthalmic examinations  433–435, 

NT‐proBNP  see plasma  N‐terminal pro‐B‐type 

eyelid lacerations  447, 447 f

438–443, 447–450

natriuretic peptide

foreign bodies  443

Opioids

Nutritional support

glaucoma  440–443, 440 b, 440–442 f

 see also specific opioids

acute abdomen  194

hyphema  447–448, 448 f

cardiopulmonary resuscitation  12, 14

acute kidney injury  251

inflammation  438–440, 439 b, 439 f, 

critically ill patients  43–45, 47–51, 

appetite stimulants  91–92

448–449, 448 f

64–72, 69 t

 Index 615

emergency room procedures  526

shock  19, 22, 24

Parenteral nutrition  89–92, 89–90 t

environmental emergencies  522

stress response  64–65

Paresis  163–164, 256–258, 272–277, 

gastrointestinal conditions  559

transduction  63

285–288, 294–297

neurologic emergencies  289–290, 299

transmission  64, 66, 69–70

Partial intravenous anesthesia (PIVA)  46

pediatric emergencies  419

types  64

Partial parenteral nutrition (PPN)  206

reproductive emergencies  405, 410,  

acute  64

Partial seizures  264

579–580

allodynia  64

Partial‐thickness burn wounds  461–462

respiratory emergencies  93

chronic pain  64

Partial thromboplastin time (PTT)  38, 

systemically healthy cats  55–58

hyperalgesia  63, 64

165–166, 304–307, 317–319, 486

toxicological emergencies  505, 510

neuropathic  64

Parturition  400–401, 400 f, 576–577

trauma  28

physiologic pain  64, 65

Passive rewarming  513, 516

Optic nerve  29, 591–594, 594 f

somatic  64

PCA  see postcardiac arrest care

Oral anticoagulants  166–167

visceral  64

PCR  see polymerase chain reactions

Oral cavity disease  195–196, 200

wind up  64

PCV  see packed cell volume

Oral examinations  177

Pain management  63–72

PE  see pulmonary edema

Organophosphates  268–269, 295

adjunctive agents  66, 68–72, 70 t, 71 t, 72

Pediatric emergencies  417–426

Organophosphorus  490–491, 490 b

alpha‐2 agonists  66, 70

anemia  422–423

Osborn deflection  513

anticonvulsants  70

cardiopulmonary cerebral 

Osmolality, sodium  373–375

choice of analgesic  66–72, 69 t, 70 t, 71 t, 72 t

resuscitation  424–425

Osmoreceptors  373

constant rate infusion  68–72, 69 t, 71 t

catheters  419

Osmotic diuretics  232

critically ill cats  63–72

emergency room procedures  527

Osmotic therapy  260

dissociative anesthetics  69–70

fluid requirements  420

Osteoarthritis  72

ketamine  69–70, 71 t

head trauma  425–426

Otic mite preps  457, 464, 470

local analgesics  66, 70–72, 72 t

hypoglycemia  420–421

Otic swabs  456

monitoring  69

hypothermia  420

Otitis externa  467–468

NMDA receptor antagonists  69–72, 71 t

hypovolemia  421–422

 Otodectes cynotis (ear mites)  453, 464, 464 f, 

non‐steroidal anti‐inflammatory drugs   

laboratory value variations  418

467, 474

66, 68–72, 70 t, 72

neonatal alloimmune hemolytic 

Otomax  468, 475

opioids  66–70, 69 t

anemia  422–423

Ovariohysterectomy  577, 578

regional analgesics  66, 70–72, 72 t

nutritional support  418

Overhydration  417–418, 420–422

shock treatments  24

physical examinations  417

Over‐the‐needle catheters  526

snakebites  518

respiratory distress in newborns  424

Over‐the‐wire central catheters  527

systemic options  66–70, 69 t

sepsis  422–426

Oxalate crystals  215–217, 494–495, 498

trauma  28

treatments  424–425

Oxygenation  123, 260, 267

Pain scales  65–67, 67 t

unique features in cats  417

Oxygen consumption (VO2)  19, 22

2‐PAM  see pralidoxime chloride

urine concentrations  417–426

Oxygen delivery (DO2)  19–20, 22–24

Pamidronate  385, 394, 489

viral infections  421, 422

Oxygen supplementation/therapy

Pancreatic carcinoma  186

PEEP  see positive end expiratory pressure

cardiogenic arterial thromboembolism   

Pancreatic lipase immunoreactivity  181

PEG  see polyethylene glycol

164

Pancreatitis  204–205, 570–572, 574

Pelvic fractures  293–294, 294 t

drowning/submersion  516

Panleukopenia  6, 271, 412, 421

Pemphigus foliaceus  468–469

emergency room procedures  530

Pantoprazole  198

Pendular nystagmus  271, 278

heatstroke  511

Papules  455, 459, 464–466, 471

Penrose drain  460

life‐threatening heart failure  159

Paracentesis  182, 525, 532–533

Pentobarbital  265

lower airway diseases  125, 126 t

Paradoxical central  257–258

Perforated corneal ulcers  437

neonatal resuscitation  405

 Paragonimus  132, 142

Perforation, nasopharyngeal diseases  113

Oxymorphone  67–69, 69 t, 161

Paralysis  112, 114–115, 253, 255–257, 

Perfusion  49–50

Oxytocin  403

275–276, 295

Pericardial effusion  20, 525

Paraquat toxicity  483

Pericardiocentesis  525, 534–535

 p

Parasites

Perihilar interstitial‐alveolar pattern  131

2‐PAM  see pralidoxime chloride

dermatologic emergencies  453–456, 

Perineal reflex  284

Pacemakers  174

463–465, 470–475

Perineal urethrostomy  560, 562–568, 

Packed cell volume (PCV)  5–6, 5 b, 27, 182

lower airway diseases  121–122

563 f, 565–566

Pain

pediatric emergencies  421

Peripheral circulation  163–164

acute abdomen  185–186

Parasitic pneumonia  132, 141

Peripheral nervous system/neurologic 

assessment  63, 65–67, 67 t

Parasitology  179–180, 180 f

emergencies  256, 293–298

immune system  65

Parasympatholytic signs  14

autonomic nervous system  293–295,  

physiology  63–65

Parasympathomimetic signs  295

297

reconstructive emergency surgery   

Parathyroid hormone (PTH)  382, 489

brachial plexus avulsion  293, 294 t

582–583, 585–586, 589

Parenchymal disease  see pulmonary 

clinical signs  293–298, 294 t

referred pain  185–186

parenchymal disease

diabetes  295–296

616  Index

Peripheral nervous system/neurologic 

Pimobendan  145, 160

Polyps  109, 112, 257, 277, 467

emergencies ( cont’d)

Pit viper bites  517–518

Polyuria  231, 237, 239

diagnosis  293–298

PIVA  see partial intravenous anesthesia

Positive contrast cystograms  561

drug tables  299 t

Placentas  579

Positive contrast radiography  552

dysautonomia  297

Plant toxicity  498, 500–501

Positive end expiratory pressure (PEEP)   

emergencies  256, 293–298

Plaques  454, 454 f

96, 516

hyperthyroidism  296

Plasma

Positive pressure ventilation (PPV)  13

idiopathic inflammatory  296

fluid therapy  76

Postcardiac arrest (PCA) care  9–10, 

infections  296

heatstroke  511

12 b, 15–17

ischemic neuromyopathy  294–295

Plasma cardiac troponin  145

Post‐obstructive diuresis  249–250

metabolic disorders  295–296

Plasma  N‐terminal pro‐B‐type natriuretic 

Postrenal examinations  212

myasthenia gravis  296–297

peptide (NT‐proBNP)  144

Post‐traumatic ocular sarcoma  450

myopathies  294–295, 296

Plasma osmolality  362–363, 374

Posture  254, 256, 285

neuromuscular system  293, 295–296

Plasma phosphorus concentration  237

Potassium

neuropathies  256, 293–294, 294 t

Platelet antagonists  167

chronic kidney disease  238

secondary to metabolic disorders  295–296

Platelet count  305–306, 308–311

electrolyte disorders  378–382

sensory nervous system  293–298

Platelets

functions of  378

tetanus  298

anemia  332

gastrointestinal conditions diagnostics   

toxins  295

critically ill cats  6–7

183

trauma  293–294, 294 t

thrombocytopenia  301, 306–314, 318–319

homeostasis  378

treatments  293–298

thrombopathia  314–317

supplementation  78–79, 78 t, 359, 361, 

unique features in cats  293

Pleural effusion

379–380, 379 t

urinary system dysfunctions  298

causes  100–101

Potassium bromide  274

vascular disease  294–295

congestive heart failure  100

Potassium chloride  138, 296, 368–369, 371, 

Peripheral neuropathies  256, 293–294,  

diagnostics  100–106

379, 394

294 t

emergency room procedures  525, 531–534

Potassium gluconate  79, 238, 368–369, 371, 

Peripheral parenteral nutrition (PPN)   

respiratory emergencies  93, 96–106, 98 t, 

380, 394

89–90, 89 t

100–106, 103 f

Potassium iodate  368–369

Peripheral thyroid hormone effect 

trauma  28

Potassium phosphate  341, 357, 360, 379, 

inhibitors  369

Pleural lavage  514

387, 395

Peritoneal dialysis  221

Pleural space disease  164, 533–535, 587–589

PPN  see peripheral parenteral nutrition

Peritoneal effusion cytology  553, 571

causes  100–105, 103–104 f

PPV  see positive pressure ventilation

Peritoneal lavage  180–181, 188–189, 

chylothorax  104–106

Pralidoxime chloride (2‐PAM)  269, 295

190 f, 533

definitions  99, 102, 104, 106

Praziquantel  139, 140

Peritoneopericardial diaphragmatic 

diagnostics  100–106

Prazosin  291

hernia  412–413

diaphragmatic hernia  106–107

Pre‐anesthetic considerations  34, 51, 55

Peritoneum  186

drainage  103–104

Predator injury  31–32

Peritonitis  208–209, 271, 273, 570–572, 574

emergent therapies  101

Prednisolone

Periuria  223–224, 226, 230

neoplasia  105–106

dermatologic emergencies  463, 469, 

Permethrin toxicity  271, 275–276, 

physical examinations  100–102

474, 475

503–504, 503 b

pleural effusion  99–106

electrolyte disorders  385, 395

pH, urine  214

pneumothorax  106–106

gastrointestinal conditions  196, 199, 

Pharmacology  291, 418–419, 430

respiratory emergencies  93–106, 98 t, 103 f

203, 207

Pharyngostomy tubes  88

septic pleuritis  102–104, 103–104 f

hematologic emergencies  314–316,  

Pharynx diseases  110–115

thoracocentesis  97–98, 98 b, 100–102, 

331

Phenobarbital  265–266, 268, 272–273, 279

105–106, 100 f

lower airway diseases  119, 126–128, 128 t

Phenothiazine  44, 56

thoracotomy  104, 105–106

neurologic emergencies  260–261, 289, 

Phenoxybenzamine  291

treatments  101, 102–106, 103 f

291, 296–297, 299

Pheromones  544

types  99–106, 103–104 f

pulmonary parenchymal disease  140–141

Phosphate/phosphorus binder  238, 384, 

Pleuritis  see septic pleuritis

spinal cord  290

387–388, 392–393, 490

Pleurocentesis  156, 159

urologic emergencies  241

Phosphorous

Plugs, urethral  225–226, 243, 246, 561

Prednisone

diabetic ketoacidosis  360, 361

Pneumonia  132–133, 133 f, 135, 141–142

cardiopulmonary resuscitation  23–24

electrolyte disorders  386–388

Pneumothorax  106

neurologic emergencies  261, 263, 286

functions of  386

Poiseuille’s equation  120

ocular emergencies  439–440

homeostasis  386

Poisons  see toxicological emergencies

Prednisone acetate  439–440

Photoreceptors  444–445

Pollakiuria  223–224, 226, 230, 243, 560, 564

Pregnancy  399–413, 576–580

Physical therapy  167

Polyethylene glycol (PEG)  198, 263

Premature labor  412–413

Physostigmine  391, 394

Polymerase chain reactions (PCR)   

Pre‐oxygenation  43

Phytonadione  140, 199

458–459, 466

Prerenal examinations  211–212

Pilocarpine  297

Polymyxin B  246, 433, 435, 468, 475

Pressors, heatstroke  511

 Index 617

Primaquine phosphate  335

Pulmonary function tests  124

congestive heart failure  144

Primary cardiac disease  153

Pulmonary infection  21

critically ill patients  39

Primary hemostasis  305–306, 308–311, 

Pulmonary parenchymal disease  131–142

dystocia  402

309–310 f

central nervous system  136, 138–140

feline idiopathic cystitis  224

Primary idiopathic thrombocytopenia  312

clinical signs  132

gastrointestinal conditions  177–181, 178 f, 

Primary platelet antagonists  167

diagnostics  131–142

195–196, 200–201, 203, 205, 208

Primary renal examinations  212

complete blood counts  134–135

gastrointestinal emergency 

Primary surveys  1–2, 4–5, 4 b, 5

cytology  135

surgery  551–553, 552–553 f

Proactive behavior  541, 542 f, 546

edema  132–133

geriatric emergencies  428–429

Procainamide  173

imaging  133–134

glomerulonephritis  239

Proestrus  399

lung aspirate  135

hepatobiliary emergency surgery  571

Pro‐inflammatory response  541–543

lung biopsy  135

laryngeal diseases  114

Prokinetics  197–200, 203–206, 559

pneumonia  132–133

lower airway diseases  121

Prolapse, rectal  204

pulse oximeters  135

pediatric emergencies  418

Prolapsed nictitans  445–446

etiology  132–134

pyometra  406–407

Prolonged expiration, wheezes, and 

imaging  133–134

reconstructive emergency surgery   

cough  98–99

management  135

583–584

Propantheline bromide  175 t

physical examinations  131–132

reproductive emergency surgery  576, 

Prophylactic antimicrobials  562

respiratory emergencies  94–99,  

577, 577 f

Prophylactic antithrombotic therapies   

105–106

respiratory emergencies  96–106, 103 f

165–167

treatments  135–142

spinal cord  262, 286, 287 t

Propofol

atelectasis  142

trauma  32

anesthesia  45, 49–51, 55, 58–60

drowning/submersion  142

ureteral obstruction  231–232

geriatric emergencies  428

drug reactions  142

urethral obstruction  226, 229

hematologic emergencies  337

drug table  136–140 t

urethral tear  230

lower airway diseases  123

edema  142

urinary emergency surgery  561

neurologic emergencies  266, 268, 272, 

hemorrhage  142

urologic emergencies  216–217

275, 279

lung lobe torsion  142

uroperitoneum  235

reproductive emergencies  403–404, 578

neoplasia  142

Ranitidine  199

respiratory emergencies  93, 95–96

pneumonia  135, 141–142

Rapid physical examinations  3–4

seizures  266

thromboembolism  142

Rapid sequence induction (RSI)  45

systemically healthy cats  59

toxins  142

Rapid, shallow breathing with abdominal 

Propranolol  157, 159, 172–173, 368, 

unique features in cats  131

component and dull 

369, 502

Pulmonary tumors  122

sounds  97–98, 98 b

Proprioception  284, 284 t, 285 t

Pulse oximeters  11, 42, 124, 135

Rapid, smooth, shallow breathing with 

Proptosis  441–443, 441–442 f

Pupillary light response  254–255, 258

crackles  96–97

Prosencephalic disease  271

Pure red cell aplasia  345–345

Rapid ventricular response rate  149

Prostaglandins  63, 199, 225, 407–409, 

Pustules  455, 459, 468–469, 471

Rattlesnake bites  517–518

412, 441

Pyelograms  219, 219 f

RCM  see restrictive cardiomyopathy

Protamine zinc insulin (PZI)  353, 353 b

Pyelonephritis  238

Reactive, defensive behavior  542, 542 f

Protein‐creatine ratio  215–216

Pyometra  186, 406–408, 576–580

Reassessment Campaign on Veterinary 

Proteins

Pyrantel  200, 202, 421–422

Resuscitation (RECOVER)  9

nutritional support  83, 89–91

Pyrethrins  267–268, 275–276, 295, 503–504

Rebound tonometry  434

in urine  214–216

Pyrethroids  267–268, 295, 503–504

Rebreathing  61

Proteins induced by vitamin K absence or 

Pyridostigmine  297, 299

Recluse spider bites  505, 505 b, 520–521

antagonism  311 f, 317

Pyrimethamine  140

Reconstructive emergency surgery  582–589

Proteinuria  226, 236, 237, 239

abdominal wall hernia  584, 587

Prothrombin time tests  307

 q

abscesses  582–586

Protozoal pneumonia  122, 132, 141

Quadrant paracentesis  180–182, 533

amputation  585–586, 588–589, 588 f

Pruritus  453–471, 465 f, 473 t, 475 t

Quick Reference CPR IO   12

caudectomy  585–586, 588–589, 588 f

Pseudohyperkalemia  380

clinical signs  582–583

Pseudohyponatremia  373–374

 r

coccygeal trauma  582–583, 588–589

Psyllium  199

Rabies  271, 274, 287

complications  589

PTH  see parathyroid hormone

Radiocontrast agents  246

diagnostics  583–584

PTT  see partial thromboplastin time

Radiography

diaphragmatic hernia  582–589, 584 f

Ptyalism  274–275, 279

acute abdomen  188, 192

hernias  582–589, 584 f

Pudendal nerve  294, 298

acute kidney injury  244

imaging  583, 584

Pulmonary contusion  26–28, 30, 134, 142, 

arterial thromboembolism  147

intraoperative considerations  586

562, 583

cardiogenic arterial thromboembolism   

physical examinations  582–583

Pulmonary edema (PE)  93, 96–98, 101, 

164

post‐operative considerations  589

131–135, 138, 142, 265, 510, 515–516

clinical examinations  154–155, 155 f

pre‐operative considerations  584–586
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Reconstructive emergency surgery ( cont’d)

intraoperative considerations  588

tracheostomy  95–96, 95 b

procedural considerations  586–589

lactational disorders  410–412, 411 b, 411 f

triage  93

prognosis  589

mastitis  410

ultrasound  99–100, 102–103, 103 f,  

sacrococcygeal trauma  582–583, 589

neonatal resuscitation  404–406

105–106

tests  583–584

peritoneopericardial diaphragmatic 

unique features in cats  93

trauma  582–589

hernia  412–413

upper airways  93–99

unique features in cats  582

physical examinations  576–577

ventilation  96, 98–99

wounds  582–589

post‐operative considerations  579–580

waiting room triage  93

RECOVER  see Reassessment Campaign on 

premature labor  412–413

Respiratory system

Veterinary Resuscitation

pre‐operative considerations  577–578

anesthesia  36, 42–49, 49 t, 56–61

Rectal prolapse  204

procedural considerations  578–579

assessments  3, 4, 4 b

Rectal temperature probe  512–513, 512 f

prognosis  579–580

critically ill patients  36, 42–49, 49 t

Recurrent bacterial cystitis  230

pyometra  406–408

frostbite/hypothermia  513

Recurrent corneal ulcers  437–438

surgery  576–580

heatstroke  510

Red cell aplasia  345

tests  577

respiratory function  164

Referred pain  185–186

unique features in cats  399

respiratory patterns  119–120

Reflexes, spinal cord  284–285, 285 t

uterine pathologies  406–412

respiratory tract complex  110–112

Refractory heart failure  160

uterine prolapse  408–409

systemically healthy cats  56–61

Refractory seizures  272

uterine torsion  409–410

trauma  26

Regenerative anemia  324–337, 329 t, 342

RER  see resting energy requirement

waiting room triage  3

Regional analgesics  46, 66, 70–72, 72 t

Resection  557–558, 557 f

Resting energy requirement (RER)  84, 

Regurgitation  196, 200

Respiratory care  16

89–90, 89–90 t, 92

Remifentanil  68, 69 t

Respiratory emergencies  93–106

Restraint procedures  525–526, 528, 542–549

Renal biopsies  220, 241, 244

 see also respiratory system

Restrictive cardiomyopathy (RCM)   

Renal blood flow  428

antibiotics  97, 97 t

155, 157–160

Renal failure

assessments  93–95, 94 f

Reticulocyte counts  326, 327 f

acute  156, 243, 339, 391, 495–496, 520

breathing  93–102

Retinal detachment  443–445

anemia  344–345

hypoventilation  99

Retinal pigment epithelium  444–445

chronic disease  212, 215, 217, 220, 

loud  94–96

Retrobulbar abscess  449, 449 f

344–345, 362, 378–380, 391

prolonged expiration, wheezes, and 

Retrobulbar mass  449

Renal function  235

cough  98–99

Return of spontaneous circulation (ROSC)   

Renal losses  387

rapid shallow with abdominal 

9, 11–13, 15–17

Renal replacement therapies  251

component and dull sounds   

Rewarming  22–23, 23 f, 513–515, 516

Renal system

97–98, 98 b

Rhinitis  111–112, 537

anesthesia  57, 60

rapid, smooth, shallow with 

Rhinoscopy  111–114

frostbite/hypothermia  513

crackles  96–97

Right ventricular cardiomyopathy  153, 155

heatstroke  510

clinical signs  93–95

Rivaroxaban  148, 166

pediatric emergencies  418, 422

diagnostics  96–106, 103 f

Robenacoxib  69, 70 t, 290

trauma  29–30

distress in  424, 525, 530–534

Rodenticides

Reproduction

emergency room procedures  525,  

bleeding  310–313, 317–318

estrous cycle  399, 400 b

530–534

toxicity  295, 485–489, 485 b, 506

eutocia  400–401, 400 f

flow charts  94 f, 95

Rodent ulcers  454–455

parturition  400–401, 400 f, 576–577

hypertension  125–126, 136–137, 140

Ropinirole ophthalmic drops  481

pregnancy diagnosis  399–400

hypotension  95, 101–102, 120

ROSC  see return of spontaneous circulation

Reproductive emergencies  399–413

initial assessments  93–95, 94 f

Roundworms  421

abortion  412–413

lower airways  94–95, 98–99

RSI  see rapid sequence induction

anesthesia  403–404

pediatric emergencies  424

Rule of 20  34, 35 t

cesarean section  401 b, 403–404, 412, 

physical examinations  93–95, 100–102

Rule‐Out Lists  10, 11 b

424, 578–579

pleural effusion  93, 96–106, 98 t, 

Rutin  105

clinical signs  576–577

100–106, 103 f

complications  580

pleural space disease  93–106, 98 t, 

 s

diagnostics  577

103–106, 103 f

Sacrocaudal fractures  294

dystocia  401–404, 401 b, 401–402 f, 403 b

pulmonary edema  93, 96–98, 101, 

Sacrococcygeal trauma  582–583, 589

eclampsia  410–411, 411 b

132–133, 142

Saddle thromboembolism  161, 161 f, 165

ectopic pregnancy  412

pulmonary parenchyma  94–99, 105–106

 S‐adenosylmethionine  199

endometritis  409

radiography  96–106, 103 f

Safely wrapping cats in towels  545–546, 545 f

fibroadenomatoid hyperplasia  411–412,  

telephone triage  93

Salicylate toxicity  504, 504 b

411 f

thoracic radiographs  96–97

Saline

hernias  412–413

thoracocentesis  97–98, 98 b, 100–106, 100 f

hypertonic  27–29, 76–77, 260, 267, 

hyperplasia  411–412, 411 f

thoracostomy tubes  97–98, 98 b, 

273–275, 523

hysterotomy  404

103–104, 106

in‐saline agglutination test  326–327

 Index 619

Salinomycin  295

Serotonin syndrome  68, 504, 507

correction calculation  363

Saltwater drowning/submersion  509,  

Serum trypsin‐like immunoreactivity 

disorders  373–378

515–517

(fTLI)  181

brain  277–278

Sarcomas  450

Severe drug‐induced Heinz bodies   

hypernatremia  375–378

Sarcopenia  429

337–338, 338 f

hyponatremia  373–375

 Sarcoptes scabiei  456, 457 f, 475

Sevoflurane  45, 60, 403, 506

functions of  373

Scaling, dermatologic emergencies  454, 

Shallow breathing  96–98, 98 b

homeostasis  373

457 f, 458, 464–468, 465 f

Shivering reflex  420, 492, 512–513

hypernatremia  375–378

Schiff‐Sherrington  254, 285

Shock  19–24

hyponatremia  373–375

Schirmer tear test  433

antibiotics  23

kidneys  373

Sciatic nerve  46, 71, 294

blood products  24

neurologic emergencies  277–278

Scintigraphy  571

catecholamines  22–23

osmolality  373–375

SDMA  see symmetric dimethylarginine

categories  19–22

regulation  373

Seasonal anestrus  399

cardiogenic shock  19–20

Sodium bicarbonate

Secondary cardiac disease  153

distributive shock  21–22

acute kidney injury  248–249

Secondary hemostasis  306–313, 

hypovolemic shock  20–21

anesthesia  51

310–311 f, 317

clinical signs  19–22, 25

cardiopulmonary resuscitation  12, 14–15

Secondary surveys  1–2, 5, 5 b, 253–256, 303

definition  19

diabetes mellitus  356–357, 360–361

Secondary to metabolic disorders  295–296

etiology  20–21

hypercalcemia  385

Sedation/sedatives

fluid therapy  22–23, 75–78, 77 t, 78 t

hyperkalemia  381

cardiopulmonary resuscitation  13

frostbite/hypothermia  514

pediatric emergencies  425

critically ill cats  42–46, 44–45 t

glucocorticoids  23–24

supplementation  79, 360–361, 376,  

gastrointestinal conditions management   

glycemic control  24

381–386

195

goals of therapy  22

toxicological emergencies  482, 504, 507

laryngeal diseases  114

hypothermia  19–20, 22

urethral obstruction  227

minimal‐stress handling  549

nutrition  19, 24

urologic emergencies  227, 239

pleural space disease  101–102

oxygen consumption  19, 22

Sodium phosphate enemas  496–497

systemically healthy cats  56–58, 57 t

oxygen delivery  19–20, 22–24

Sodium–potassium ratio  367, 369–370

urethral obstruction  228

pain  19, 22, 24

Sodium sulfate  499

Seizures  264–267, 271, 272–274

pain management  24

Somatic pain  64

classification  264

rewarming  22–23, 23 f

SOP  see standard operating procedures

diagnostics  273

spinal cord  285

Sorbitol  267, 481–482

etiology  265–266

treatments  22–25

Sotalol  173

pathophysiology  263–264

unique features in cats  19

Spastic paralysis/paresis  256

pediatric emergencies  426

Shockable rhythm  15

Specific gravity  223–224, 230, 236, 240

treatments  265–267, 272–274

Short‐bowel syndrome  559

Spider bites  505, 509, 520–522

Selamectin  463–465, 475

Silver sulfadiazine  31, 461–462, 468

black widow spiders  509, 521–522

Selective serotonin reuptake 

Silymarin  339

brown recluse spiders  505, 505 b,  

inhibitors  504–505

Single enterotomy catheters  551, 556–557

520–521

Sensation, spinal cord  284 t

Single paracentesis  532–533

Spina bifida  286

Sensitivity, dermatologic emergencies   

Sinus node disturbances  169–171, 174

Spinal cord

459, 463–464, 467, 468, 471

Sinus tachycardia  169–170, 174

assessments  283–285

Sensitization, analgesia in critically ill 

SIRS  see systemic inflammatory response 

degeneration  286

cats  63–64

syndromes

diagnostics  262, 283–290

Sensory nervous system  293–296

Skeletal radiographs  583

differential diagnosis  286–290

Sepsis, pediatric emergencies  422–426

Skin, toxicological emergencies  480, 485, 

drug tables  290–291 t

Septic effusion  191

492, 501–503

etiology  261

Septic peritonitis  208–209, 551, 

Skin biopsies  455, 459, 468, 470–471

fractures  288–289

553–559, 555 f

Skin cytology  453, 455–456, 465, 469, 471

imaging  262

Septic pleuritis  102–104, 103–104 f

Skin diseases  see dermatologic emergencies

infections  286, 287

causes  102

Skin scrapings  453, 456–457, 457 f, 

inflammation  286, 287

clinical signs  102

464–466, 470–471

localization  285

definitions  102

Smoke inhalation  122–123

luxation  288–289

diagnostics  102–103

Snakebites  509, 517–519

malformation  286

etiology  102

coral snakes  518–519

neurologic emergencies  256, 262–263,  

physical examinations  102

Pit vipers  517–518

283–291

thoracotomy  104

rattlesnake bites  517–518

pathophysiology  261–262

treatment  102–104, 103 f

SNAPTM Feline proBNP test  144

rabies  287

Septic shock  19–23

Sneezing  110–114, 260, 448

trauma  256, 262–263, 288–289

Sequestration, bleeding  313

Sodium

treatments  262–263, 290–291

Sequestrum, ocular emergencies  438, 438 f

concentration of IV fluids  377

unique features in cats  283
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Spinal reflexes  256

nasopharyngeal diseases  113

immediate aims of  1–2

Spinal shock  285

ophthalmic emergency surgery  591–595

respiratory emergencies  93

Spironolactone  160

pyometra  407

symptoms to determine  2 b

Splenectomy  331–332

reconstructive emergency surgery   

toxicological emergencies  479

Sponge counts  562, 571

582–589

Temperature probe  512–513, 512 f, 515

Sporadic bacterial cystitis  230

reproductive emergency surgery  576–580

Temporary keratostomy  591–593, 595

Stain tests  179–180, 434

traumatic emergencies  582–589

Temporary tarsorrhaphy  592–595, 593 f

Standard operating procedures (SOP)  9, 17

urinary emergency surgery  560–568

Tenesmus  177, 202, 204

Stapled intestinal anastomosis  551,  

uroperitoneum  236

Tension pneumothorax  16

554–559

Sutures  554–556, 562–565, 586–588

Terbinafine  466, 475

Status epilepticus  264, 272

Symmetric dimethylarginine (SDMA)  244

Terbutaline  140, 175 t, 381

STE  see systemic thromboembolism

Sympathetic nervous system  25, 64, 297, 

Tetanus  298

Stenosis  112–113, 116

367, 421, 490

Tetracycline  139, 246, 334, 419

Stenotic nares  109, 110 f

Sympathomimetics  49, 157, 175, 295

9‐Tetrahydrocannabinol (THC)  501

Stenting  232, 570–574, 573 f

Syncope  146, 149, 159, 169, 174, 488

Tetraparesis  295

Sternal recumbency  565–566

Synthetic colloid solutions  76–77

Texas coral snake bites  518–519

Stertor  109

Systemically healthy cats, anesthesia  55–61

T‐FAST  see thorax focused assessment with 

Stinging insects  505, 505 b, 519–522

Systemic inflammatory response syndromes 

sonography for trauma

Stomatitis  140, 195–196

(SIRS)  21, 21 t

Th2 cells  120

Stool softener  197–198, 204

Systemic thromboembolism (STE)  159, 161, THC  see 9‐tetrahydrocannabinol

Strabismus  254–258, 272

161 f, 165

Theobromine  502, 502 b, 502 f

Stranguria  223–224, 226, 230, 234

Systemic toxicosis (massive 

Theophylline  175 t

Streptokinase  165, 246, 294

envenomation)  520

Thermal injury  460–462, 522–523

Stress handling  55, 541–549

Systolic pressure  525, 528–529

Thermazene  461

Stress leukogram  121, 352, 371, 516, 519

Thermoregulation  58

Stress response  64–65

 t

Thiamine deficiency  199, 271, 273–275, 279

Stretch reflexes  284, 285 t

Tachyarrhythmias/tachycardias

Thiopental  419, 578

Stricture  112–113, 116

cardiac emergencies  143, 146–149, 

Third eyelid  433, 438, 445–446, 593

Stridor  109, 110 f

154, 157–159

Third space loss  20

Struvite crystals/uroliths  215, 246, 561

cardiopulmonary resuscitation  16

Thoracic radiography

Strychnine toxicity  506, 506 b

cardiovascular  120

acute abdomen  192

Stupor  258–259, 275

diabetes mellitus  359–360

arterial thromboembolism  147

Subconjunctival ophthalmic emergency 

diabetic ketoacidosis  359

cardiac disease  144, 154–155, 155 f

surgery  593

environmental emergencies  513–523

congestive heart failure  144

Subcutaneous fluid administration   

fluid therapy  75, 78

pulmonary parenchymal disease  133

525, 537

hematologic emergencies  301, 323, 341

reconstructive emergency surgery   

Sublingual region evaluation  187

life‐threatening  169–175, 173 t

583–584

Submersion injury  132–133, 142

management  125, 128, 140

respiratory emergencies  96–97

Succimer  269, 499

peripheral nervous system  294–295,  

Thoracocentesis

Sucralfate  196, 199, 247, 493, 511

299

congestive heart failure  145

Suction drain  193, 407, 488

shock  19–21

emergency room procedures  525,  

Sulfonamides  140–141, 246, 250, 299, 

toxicological emergencies  479, 483–485, 

533–534

419, 475

489–491, 500–502, 506–507

pleural space disease  97–98, 98 b, 

Superficial ulcers  435–436

trauma  19–21, 27

100–106, 100 f, 101

Superheated air/steam  123

urologic emergencies  211, 233–234

Thoracostomy  97–98, 98 b, 103–104, 106

Supraventricular tachycardias  170–173, 

Tactile placing and hopping  254, 284

Thorax focused assessment with sonography 

173 f, 173 t

Tamsulosin  291

for trauma (T‐FAST)  38–39, 153, 

cardiac disease  157

Tapazole reaction  470

156, 531–532, 531–532 f

cardiac emergencies  146–148

Tape impressions  456, 458, 458 f

Thrombin time (TT) tests  307–308

diabetes mellitus  359–360

Tarsorrhaphy  592–595, 593 f

Thrombocytopenia  38, 136, 142, 186, 301, 

electrolyte disorders  389–390

Taurine  160

304–314, 318–319

Surfactant levels  123, 424, 492, 515

TCA  see tricyclic antidepressants

Thromboelastography  135, 304

Surgery

Tear production  449–450

Thromboembolism  see arterial 

acute abdomen  192–193, 193 f

Tear tests  433

thromboembolism; systemic 

cardiogenic arterial 

Tea tree oil toxicity  501–502

thromboembolism

thromboembolism  165

Technical procedures in the ER  525–538

Thrombopathia  314–317

chylothorax  105

Telazol  59

Thrombosis  308, 319

dystocia  403–404

Telephone triage

Through‐the‐needle catheters  526–527

gastrointestinal emergency surgery   

calming owners  2

Thyroid storm  367–369

551–559

critically ill cats  1–2, 2 b

cardiovascular system  367

hepatobiliary emergency surgery  570–574

first aid advice  2

causes  367

 Index 621

clinical pathology  367–368

toxicological emergencies  479, 485–504

neurologic system assessments  28–29

clinical presentation  367–368

treatments  142

neuropathies  293–294, 294 t

definition  367

 Toxocara  180 f

observation  26

diagnostics  368

 Toxoplasma gondii  135, 140, 141, 273, 287, 

peripheral nervous system  293–294, 294 t

drug tables  368–369

296, 438

physical examinations  26–27, 28–29,  

hepatic dysfunction  367

tPA  see tissue plasminogen activator

582–583

treatments  368–369

Tracheal diseases  115–117

physiologic response  25–26

unique features in cats  367

clinical signs  115, 116

post‐operative considerations  589

Thyroxine  357, 385

collapse  116

predator injury  31–32

Ticarcillin/clavulanate  23, 97 t, 140 t

diagnostics  115–116, 116 f

pre‐operative considerations  584–586

Ticks  295, 335–336

foreign bodies  115

procedural considerations  586–589

Tidal breathing  124

mass lesions  116–117

prognosis  589

Tiletamine  59

prognosis  117

radiography  32

Timentin  23

stenosis  116

reconstructive surgery  582–589

Timolol  441, 448

stricture  116

renal system assessments  29–30

Tissue perfusion  27–28

treatments  116–117

respiratory system assessments  26

Tissue plasminogen activator (tPA)  165, 

Tracheal trauma  116

sacrococcygeal trauma  582–583, 589

294, 448

Tracheostomy  95–96, 95 b

shock  21

TLI  see trypsin‐like immunoreactivity

Trach kit  96

spinal cord  256, 262–263, 288–289

Toad toxicity  295

Tramadol  68, 290

surgery  582–589

Tobramycin  442, 468, 475

Transduction, pain  63

tests  583–584

Tongues, foreign body anchors  551, 556

Transfusion

trauma  582–589

Tonometry  434

anemia  332

treatments  26–30

Tooth root abscesses  449

anesthesia  37, 37 t
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