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Preface

“To act as a unit”. The motto of the Cleveland 
Clinic reflects the spirit of this textbook; cooperation 
among a multi-specialty group, and integration of 

among the phy™, nuaeiug otaB, еС~ 
oste, social workers a„C cfnsollaMSp OurpaOent. 
with heart failure, m particular the patients with 
advanced heart failure, ng se mimplen problems for 
the medical team When m formed. Use George Pf. 
and Ln,da H. Kautarn Center for Heart F.oUnte, we 
drought the only way toaCeeuatuly fUdueta thsidsak 
lenge was to coordnacle c.rrearuong hernany dse- 
oplmes. This textbuok is onr effot toutplant ehfg 
process, and out thagfng uhegt itonu tn approach 
patients with various stages of heart failure.

Tills model m rnodlcrneas coo book ta maem 
respects this ptoceoo is eery snrnlar ta sta scueof 
paUents with eongemtaltaan Uartueeau ornploysd ac 
many dnldren.ho.pthd' rcrnssn the «mid. Many of 
these centers have dcyoleped atnoirgsephentryrhiiine 
of pediatric »dtolou«oecrngaa»sathean sanuitkei 
andafUhatedconsnO.emhasadkhdiensloff.Tlruteam 
workstogethertomalellseotoprr<ttcg„re,ooekeanl 
the progression of gtSo.ck,,he„S,fyopes„eal „sethcal 
therapy and the proper timmg for interventional and 
surgical therapies. CrgtdrsgfceacИen co udoleu0frelOl 
a’“al>pr“dT..........................................................................

The care of heart failure patients has advanced 
along the same hues. Thenion eunrnrnn oeem sf syw 
tohc dysfunction m industrialized nations is ischemic 
cardiomyopathy Uris taernuee a foaeplert apperoch 
mcludmg proper Ur.eoho^c rnedtoe thscoms. n»0 
then decsion-rnakrng ren.htim»pescufaokues abaz^ 
p,es,surgical d,erap,eSlk.gtthgoU)aa!leЯ„eallhfaall,es 
sudr as bwentnculaa faerng aed ппрЬпОЫе «- 
diovetter defibrillators nedaonnudy hl mudaarn- 
cal circulatory support devices and transplantation. 
All are potential th-rcpies.Vаuinuc u-apters iatliis 
book reflect our ,hm»nd aborn dee p-op-, ong for 
these therapies. Whenever possible, we use the most

up-to-date evidence-based medicine. This is inher
ently easier to study in drug trials. Surgical trials 
are more difficult to accomplish, especially when the 
su^IcC deriOnn-malong md tadenieneu mam kc 
very compUenFor entareu. a pafieuu wide tsahumte 
а-"^. tnuy h well ssmod Ь» smaneay 
altetfЬoaurou,malfh.eSur tneuepsf uelud sepan, left 
ventricular reconstruction, and possibly additional 
ereouisef0 for omgicvl ablnion und «eeU MMon. 
ano olgcemeneof И hс„tсlculaeep,oarnlaS роЯ«8 
w„lrGoshSllм,daUef онИ portoper.fl,hf Ьigut„fn- 
tali|mdnoeoncpacmg.Deug0loPЯu»uou,edronae 
a“. and aucrcfoua, chcus me fewer co„fon,tdmu 
hiiaaebOu. Sheapifo thrsehm,tafih„slhu атритС Beah 
“гиЧУ/псШо thr trPtSi1ATCHlel-k dfs randone- 
srr.l sruil of Usa Acurn herCae Оспсв. dro meromr 
STI CH trial, and the Myocor Coapsys RESTOR-MV 
iuie|. Since sundry rnU meUiofl ihesapR1 Mmh ee 
dofhrhlr sueeest, and n .М^т laAl»g„s,»edunk 
ортпеО s.aians cars is*twud bydarng Ла тоЯ 
cnftl,lettunhge^ dues us praeheeU and theta с— 
nsg mudiceuthdapi' foe о^пВ wtsk sente kO 
val^trlcuL■hdysfo,,Яson................................................

Each chapter of this textbook is written around 
usw „рс-1 of me ггеттет fou heart UalUhte,lteoaulf 
slleeurlmltn urgamzs dse Красаи»» nsf " 'ad tt 
codlfssga„ umi™iuaEuаa,eiИ,hodeyehaahelttatefd 
her ds atlapt f™,eSyhfelЯ»hent dcerapietfogdhea. 
We hope that our alCaiciul locle„eyunr ihrnkm- ,s 
clear Med, cCwhai seedo sr tassd onfuicnud'^ena 
0fice,u^efcPtl,ndmclChglun,n^nrussl^e.astnfmcO- 
i^Pi Pai achc applieds hCr auavet„ud m ^glanr 
nhichuanssue™ ,scЯe„cuang„lduhn tneapC,un 
-'-i'.ceu-''rr...................................... __,.,

Um,eUl„e,Ь_e^„ shse foulboob ruu wecn ^Ска! 
and unraeeul Direcfoae oO tho etaiUrna„CcniЯ foa 
maars Iua,lere. By dreSmre uhde textbooks pnbhca- 
dtcn h™eiaari both of ns tad ec-olesA |im Young fo 
be the Chair of Medicine at the Cleveland Clinic, and

its



x Preface

Patrick McCarthy to be the Chief of Cardiothoracic 
Surgery Division and Co-Director of the Bluhm 
Cardiovascular Institute at Northwestern Memorial 
Hospital. The -tratpplaok-Mf the „ulbblsr,plnonry 
lean, to NorthwesSertg to ™te nr——rd o, he»f 
failure, valve dtseao.arsd —s„al fibrsllattouautottg 
others, has been h spto-esTny an— euhghterurig 
broadening of the concept of the Kaufman Center 

for Heart Failure. It appears to be a mindset of ideal 
patient care that can be easily transferred and broad
ened to other medical centers. We hope that this text- 
bohksernen .„■■ a stimuli. ' -thers toemy—ny ehis

— opatient care model.

Polrick M.M—Cyrrhy,MD
—amesB. Uowf.nfD
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1 CHAPTER 1

Epidemrnlogy Rf heart failure:
Progressipneo pondemfh
PirOig У Starling

Introduction
Congestive heart failure (CHF), traditionally con
sidered an edematous disorder, was described hun
dreds of years ago. HyteOensiot 00П valvular heart 
toe „ere tire nmsP Oequant ea-rrrarbudities |1], 
Physicians could «Jyrndrnpt taemdroU[,Ul„sOnar)w 
and peripheral congestion with diuretic therapy. 
Hear, failure was a pregross,ea d.seooe eulerriuaeiug 
,„ biventricular dyptareon. auasasea andOualSy 
organ failure due to hypoperfusion. Symptomatic 
heart failure in the 21s, century is moss often 
characterized by efforb aefoiarauwa (dyspgceaS. ani 
fabgue CHP » growing at 4^ ргоусоУепа, 
particularly m the elderly, consuming significant 
health-care dollars Ы r^iendJ d, aip.ebrl.iy enU 
premature dead,. Cfetdea» sCuesses, inphadorg «eg- 
nary artery disease, hypertension, and diabetes mel- 
htus, are the major eyeieoguc ewy nnotors. In dee Uactod 
States, hear, fatlure inetOeuae rneeitce ss summon» 
hypertens,ees and fines UnrnegrnaSeesn ge^wbu 
have had a myocardial infarction (http://www. 
„hlbhnihgoWheahh/utua.eio/ernmatprharhpHdh.nrt 
[2 The National Henet lerna sndBioodSoemuee 
NHLBD estimates that 75% at OsesP Ordure cases 

Iraee antecedent hypeabernaioo. MaeotaOeancerm 
the treatment of coronary artery disease and acute 
ischemic syndromes that have sapra coentlessnnvee 
Iraee resulted rn a gnaw-ng Р.П^» оПАиитк 
patients with left ventricular dysfunction that may 
develop clinical heasr gtH-tp.. TheNHLBiartmates 
that 22% of male apd - of farnele ^0^1 
infarction victims will develop heart failure within 6 

years (Figure 1.1). Heart failure is the most common 
indication for hospitalization in the United States in 
patients over 65 years of age. It is estimated that 
about one-half of purSentr aeath heanfaiiura are 
p-eaPer then pr equaitoP5yernlol7.Уmally,-tlsnow 
recognized that the syndrome of heart failure may 
ne. (,eaUrr,aU,„-Ped.v rf rfaatrfic yutfnnahn. 
^n,4mrh_toe drown ТшИС-Ят o6 5aOeuts 
bepryta(^unft heaps eniurn haul „or„iiile)voo„l 
fractions.
s Thp onmmyney of hert fohe-s Легару p
teeasrnena for estaPhshed and SHnpUemaaieeir-
“ She puPhc neptaP impact of heart failure 
for our society will continue to grow until effective 

apU ^ntJary P0"™ aaeay^ni .en 
aPttytpy etaP empCeyed. Tie saoerf Hear, fasOnse 

”” daNuppalvtuet sh cirP tad hrast 
eanure (ACC gage A. er r -ugh P„unty los реа 
emptive therapy. Patients with advanced heart fail- 
„-. ACC prNe D uln1chи.^nи<NhSOyc^hлyetahdn 
failure) represents almost 10% of the total heart 
Й1.1..-1 .lur|lCn^l1, huw AC higUge, shart--term 
enortaliO.pndroneume veegeealest a-eecrnisgn oa 
rrr oieeyprlS].The care of tsesting neVDced swhnptop 
rnatre ham Mme a a anewing acoupmk taedeg for 
industrialized nations. An analysis of six countries 
rewPed ihatl-2% of total CePtii-ppre ex.endieueee 
wrmr narPttan Moen urn! Лои, 10-* ->» Pss iotel 
yeastUuhirpaterf wrneonsnmedfot hrsspttidedate 
| 4|.CU,r ss[«aenno^easrng nrena—2% of Isnerrerd- 
“““7 .Pratretahe. tl„ rnerr irnpererui pubPe 
health problem m cardiovascular medicine [ 1,4,5].

1



2 CHAPTER 1

tion; Stage 2 or greater is defined as systolic BP of 160mmHg or greater, diastolic BP of 100 mmHg or greater, or current use 
of antihypertensive medication (adapted from [2]). Source: Framinghamfeort Slto^dyl MationalHeart,Lung, and Blood 
Institute, (b) IncidencF gUheirt failune demecuaadial iniarct ion mean andaWaptei from[2]].Soaose: Cacdtovanculn r Heust 
Study, National Heart, Lung.and Blcset InBtiCati
CHF: congestive heart faiiurv;0e2 blood aresss re; Memyocareliai inCauction.

Epidemiology
C

An epidemic is described as affecting or tending 
to affect a disproportionately large number of indi
viduals within e populatioe,commoniy, or region at 
the same time (exenssipily present), barniatmc 
refers to a dtscasc oct urrmgovira »,0e oeogriphtr 
area and affect,„g aaeuuepffonallu lugh propcrt»- 
of the population. Hear) Mure m a »orld„,de phe
nomenon that is indeed pandemic. Heart failure 
affects approximatrey Jus mfflcae Americans and 
over IS mtlhor, peoole »rriO»,de[Sl. TheAmertcrr, 
Heart Association eomretee.dnffe sre d-ir „ailed, 
Amencans ahve 2002 ueelV CHF. Shtrpi/A™. 
a„e„canheartorg).Basi5 oothe 44-eear Cllaiu 
up of the NHLBH Framutgham HealH Stedy 
heart fa,lure ruc.deuce appuoscUes Ю per 1000 pop- 
ulattou after 6S yu.eer cP nyu DcsprK deuhusug 
mortahty rates for catdronascNm di’easc m the 
United States, hospitalizations for heart failure have

isessuaeed substantiaily.Hovpinal discharges for CHF 
in the United States rose from 377,000 in 1979 
to 999,000 in 2000, a 165% increase (http://www. 
ainencanbeart.org)..........................................................

The criteria for the diagnosis of the syndrome of 
CHF vse oot sSatidosdizad, pence pupuFation esti- 
ountet moy tioUerestiHateaPeauteitt yflmart failure 
Measupus nod n, popnSprirnd sttuhss and 
“^“1“ tag renuds sdy ou si uvmposffe oC 
„4^^.™ m rliamosffcUunurge.Altemnts 
a vaUWala dn-ftaMrugtant CUnisat Hem Fali4s- 
Scora uagaiuit a „earurd 4Se)creю„hact,onslrn„ad 
thH. tie patrerstu „,th .slots kft vottneular qptan 
]ract,ou^LVEU<0.d0).2ddUnsrtno,,a^ftheame„a 
fen CHF. H edhmt of 4vnos«eetrst. -aed US-td yacri 
liymp see Saaatad unUeriesuta0etaaedasr4P„dut 
/4 camhdc stwrn ,dch,dmgevEocard,ogmph% -0]. 
The overall prevalence of left ventricular systolic 
dysa^ion (Rectum fraction 30%d was e.9%l 

ainencanbeart.org


Epidemiology of heart failure 3

concurrent symptoms of heart failure were found in 
1.5%, while the remaining 1.4% were asympto
matic. Prevalence was greater with age and in men, 
reaching 6.4% in „onagri nS-ymptars.Tfereaore. 
population esttmat„5 % Wean tatee have „„„4 
pitfalls, and unbahnn of death races and hersprtal- 
tzahon.bkelysro.sly.utdvresMatvdrhtvueaargn.- 
fnde of the heart failure pandrnne. ha thef oentg 
administrative datasets toedeate.addVrnnonof 
heart failure using dtegnvs, i cpdea «UhfCHStudh 
confirmed the heastfinlureepnlannaic PeUnethd 
States 6] The authoir cvncludcd ddat tnternafion.P 
Clapificahon of Deteau. Clmscvl hUritltahdn 
(1CD-9-CM) codes nn^nthtontDttD.ai.truutioe detn 
can be used wttlms UaaSfhsyTtema tedesennbethe 
epidemiology of heart ftnlurn. №«. ntedaht.ee 
such as the bran, nttrmrtfic pepoSe nnruc ma. 
enable .„vestrgatorn Vr bdtcetngate nvpulettanr ,ta 
determine the medgnee od ruddrutCDl vanu„culer 
dysfunction, hence dcaanuetna and prrhapn ttnatmg 
asymptomatic pafiavts anV det,ma^ely nnrrnniirg 
long-term outcomen.

Incidence and prevalence
Incidence refers to lht auntbarof new cases 
observed in a year in a defined population. Prevalence 
refers to the number oCcdses obseavod at a seecified 
point in time in a VafinvC ,^00. TDh orche 
incidence of heartfoSum (dnaVlnslunfva ngu)rangrs 
Iron, one to five casaiperl ODO rnttahtanu ретуши, 
and increases sharply »tfh uctaa ottg ице tv an Inyg 
as40gaSgSperl000vnpu1enonoaae0Uyecrr ntr»ac 
stud,es|7|Areflect,ll„rVletd,uhaenueefllefИfa,ls 
ure m the US is „rieftym Uea Пеаттуа.ап, Uduly 
and the Framingham Offspring Study, representing 
a population of oveclOW gOl The 1 of 
heart failure raises wllh£yaш Ьо,Ьпгс„о1П «ошои 
as show rn F.gure r.h. TPs madegeeofCHgaУar 
adjustment for age is one-third lower m women 
than in men. Based ou tfe .c™^.ацео( the Ud 
popuhatioii and improarW rurmvaC h as «iiiietcd 
that the CHF preyekcet ооУ urarlu doebie lo 5.7 
m,lho„oasesbytheae.vr»»V>l.. , .

A recent analysis soO fice ЙшпиуП»аа Hrael Secdy 
cohort demonstrated over the past 50 years that the 
incidence of hearr bdtna des dahpri among 
women, but no, „rent linwever eureouitalter ahe 
onset of heart failure has improved m both sexes [ 10].

F'9UAt 1.2 Stie annual incidence of congestive heart 
hnihureisshowt h population age/decade in men and 
women among The FraminghamHear4S-u9y 5ub-5cts 
.adapted from.-], with permission from the AAge can 
Colleen of Otology FgurditioTh

Whne arhshfished cWoccrl eeitenia hre usedtodefine 
heart hadiee, hhe lifetimeriskfor heartfail ureisone 
tn hive for both meeardwomee [И]. Bonh fion^r- 
tension aiiy . ■ i„n.ytiu„s,g»i-

' t^paet the hdenme оЛЫ hoot, fed иг.
grrween age, gO and 80 years in both men and 
apyaua Thfhy findti^leeregUynottlpa1yayaaarwyam pt 
risk factor mod,fioacor, go rriiat. af deans 
disease and the potential impact of antihypertensive 

" ce thp appetopmentoh yvertc .. el
Se^ failure.

Mof-taHty
,. . .. c ............................ .
hunan 1968’ gaert ^ure as die primary cause of 
death has increased fourfold [8]. The most dismal 
crogno sip for patientswithievere symptoms (New 
YnegaHrnrt Asaociation Class IV) and coronary artery 
yiiretr teas а ш hV- asea rnraraae rdf c 1 and.1 
a^Уll eapetCnrrty 1S2.i eneeeplomattcytitKnta enfh 
ЛЫгР оор^ошс сагНотуоеаШуюЬоаее wth 
medical therapy have a better prognosis compared to 
hrfie„tlwhhdlЛrdr„gcoaenreyarttryd,.«ara|SCl.

Survival m patients with heart failure has improved 
wcr ,Ve a^sr 5V „p Tk- Wades, rahenaetsld|rtyrrs 
аге^тио „ortageyr™aet! c,vn dyd» ri Uv.., 
17%, aov*. -tad 70% ftaef iheotlpvugh 1969 tu 
1 1%,28%o and59% m the period from 1990 through 

in»»*».thr coele1pu„dihgratet„ет Wo. 
28%, and 57% for the period 1950 through 1969, and 
tr/o, 5U%,and 45% from 1990 t.irongli 1ПУО [„95

ntedaht.ee
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Overall there was an improvement in survival rate 
after the onset of heart failuPTofl1% per decade, a 
significant reduction in both men (P = 0.01) and 
women O о 0.02). Obe axplh»rtiwnfoatl*Ppueem 
speeulabve; howeveafthetniprovedsurvivalfaautem- 
porally associated w,dt -he ote el both anfotrnsin- 
eonvemng enzyme nrb.binor. (АОЫ) and bona 
blockers. Another .matouiaeuensmeddteshhr-- and 
long-term mortality of patients after initial hospital
izations for hear, Move ntrng a ambon of Ou.tOo 
consecubve paMtalaom Лр„1ГПМ11„п81, Maarb 
1907 in Ontario, Canade, Ihr еги-ПеГОчапупт-а 
l.yearmortal,tyrathswml-.6*ei,tt ЭПО^ ruepac- 
lively 113]. Conrplch mfyuacbons ,1.„.« sex, 
and co-morb,dinys nnpaclfd .bort- and bng-less» 
anrvrval In the oldeityo-morbiahty-taifen ап^гопр, 
30-day and f-year munehb. „en 23.S* and SO.?*. 
respect,vely. A subgaoup^.aioOhttsfroni meDtenalos 
Incest,gabon GronftDlO) tmOyshefiich Orat, m 
ambulatory patients with CHF, estimated creatinine 
clearance predicts 61 ...ant туПайу mhupeobomly 
of established prognostic variables [14]. In Cox 
regression analyses, .пкраЫтГргЛогпоПнот 
talrty were m.n„,.,,t,| сгесЬтпт dearanab. O-ontt 
walk d,stance «262/, eiectioo rnoeof кои
p,tahzat,onforwortenlhllЬeanfallvtf,a1hineеhfot 
diuretic treatment. It is obvious that, as a population 
ages, heart failure bacomew more prevalent .rnd .he 

mortality raises, especially in patients with compro
mised renal function and co-morbidities. It has been 
recognized that elderly persons have a substantial 
ntk bor daafhafter ahtsanostsvthefrtta1lnаe„,a1t 
^^^ne,allelahe,mcnlrtthstd0al„bеtlhh.A1hng,tm,. 
n.o popnlabon bmed m SM8 parene. of a. ires, 
„5 totne oUrgy гес^к-НЬтИ.ра/е. ItiMCHtrand 
btreraiofsaemtn wat nom/ad rn. 60%a byfdee0„b 
doa-aaaed 13%OT nopnc/C m 25%. anddetermmed 
by a core echocardiographic laboratory [15]; 45% of 
hhotf»^1il,аeht faltat, md/6% trita bean fail- 
iteedaedw.thmfr-7 уеаг.ЩПА prht„eca„h,1ti„. 
hoh Wh l-el— l rn Ohns^ СОпо^/Г' Мтпгми 
ft deUermMa th prcealenoe ofeottloltc re dth«ol% 
dyaftmihayf. and tf bterfohd OhsStincf—pn eats pryd.c- 
„у-оР adtfCdte тогУаОм |16„. Aehl,nnor2M2 
rar,dom1ysdecKlrerlhelntneOhntlcdCoubtd agch 
fdyeaa.gr etOrr «naeunreeaed beff/cco ftme 19f7 
andeeptarndbc 2000. eba payrtluriec nd ttyaef fnlcrn 
was 2.2% with 44% having an ejection fraction 
>30%. Dnr.tng tbca with nrtntaak or „urn diem 
loho or toatohe dysnthcsecnthao*(^a() roeoicnmad 
naaetЬtt_nae.tb^ mold and р-уОити opyonm bran 
aol1cectfb„c1lo„ w УГУ pmdcnvs oflalSrfeUot ornrhal. 
ify Otaraad ralm for tyatry tld.oolae bntfohet,on: 
10.10;P< 0.001).

Пе^ге nrrdfoal adoa„c/u, Otara Omterc .retnnf 
a lethal illness. Heart failure m the elderly has the 

Figure 1.3 Five-year age-adjusted, survival curves following an incident admission for hea.t failure versus common types 
of cancer in age-matched 0atients. (a) Scottish men and (b) Scottish women (adapted from [17] with permission from the
European Society of Cardiology. Source: Adapted with permission from [32].

fdyeaa.gr
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highest mortality. Heart failure with preserved sys
tolic function is a growing concern and carries an 
ominous prognosis. Mortality from heart failure is 
high, and most paPeiitranheamihes are tiarinyormad 
and unprepared fos tire nod of death and need П 
make end-of-ltfe dec,minus. Areeent SeoMosh analy
sts showed that the h-yend aft- and nex-adjyaafmd 
mortality for heart ftulnrn.sworse shaneonsmur, 
forms of cancer [17] as depicted m Figure 1.3.

Reasons for increaslnr 
prevalence
The prevalence of heart failure increases with age. 
Furthermore, advaiiecuitOe fTarmocologicaog 
surgical matiagempir ofcooonaoy artery disease, 
arrhythmias, yaleuTtrhearV disoareaied Oyynrterr- 
ston have resulted nt aneversOdlnsgmn egrngpohP 
of patients who are likely to develop worsening sys- 
folic or diastolic ftmafor anil gnavgrofofc пепИкп- 
lar remodeling leadiun tn nree-tstblu been -“dure. 
Effective medical andtuioioalmtetuentions Save 
resulted in a reductson ur mostahky. Howev» She 
prevalence of Ьеаг,0о,1ит™8Ьеоаи>г fredo- 
posrng conditions (coyonouhnruik ditease ure dar- 
betes mellitus) are ptgbardbntoMcfoS^Hinuoi 
of implantable eaedtaodrdbnllntors (KUOa wili 
reduce the пкЛтееоГекППип trrdiat Unth Cut 
does not change thnnatueel tatgryof heail -aslnne/ 
pump dysfunction.

Economics of.e Hutfnngu re
Recent estimates of total annual health-care expen
ditures for heart failure in Americans have ranged 
from $10.3 to $37.8 bclTon[18,C9] . The discrritycf 
d,esefiguresde„,o„Rtaefosd-enni[gfaeatinЫnarcn- 
rate economic data but bga mrЯdetSme„Canooalnb 
per year is a, leas, ytUnhlii»andm7y beasbi[has 
«0 b,U,on. The Ame-кae_^ghstnsнlcolt,o„esn- 
mates $21.0 b.lhoofor sHen audmd.srrt а.-Гг 
of CHF m the United States m 2001 [20]. The 
breakdown mcludes4aln.r.nlllao„Ьosntalnanursn,n 
homes. $15 billion pllysac2n„e/bsortos,ynals, -C.O 
b,Ilion medicaUonSt $1.5 Miron homo heahl, cam. 
and $1.6 b,11,on btrlost ororlucadi:y/niortaliiu. 
Hence, 68%of the tntal aspea» ,s ioi mpeliank iam/ 
very similar to the estimates consumed on inpatient

care (73% and 62%) in the other two reports [ 18,19]. 
Considering the rates of hospitalization (^hnclniUite 
readmissions) for heart failure, it is not surprising 
hirer t^otthe ИИ- healdtocsmnxponditnmr Is 
coosinnaO fortan ttOum „ia„n„Oergfinnu-e„- 
rPdaOcoimtr.es W.......................................... ,--_

mo freemancy nt i П-артиУгаРот , for CHk 
a^onomordsrt^l, ot rlnnbsупгпгьЬгуПсп. A oom 
■с^гур ooamate nt ou„knlaOloscam costs during 
Oa!-dt^nuacg,n ranges horn «№ to U12PUO par 
admission. Approximately, 35% of the diagnosed 
Fiecn dadmm ртриктоп become botyikclncd on 
an annual basts 15]. tgutaple hurhllahzat,oun par- 
hcularly of elderly paSnnt-wlthmhltlplеcornиеbld 
conditions (50% beae rhrye or mmitP, rar topeciaUn 
common, indeed it hoc Men found tisah _гРп 
5-month madm.spontare пУог ao mdeitbsspiiSP- 
oration for CHF was as high as 47% of discharges 
П1К Mtey footers act oelatedto thehigh rates o-1-, 
Pa010101" for Мае. eenuso, inandlngorogretpu1, 
oC andertomn disease, inappropriate treatment 
ploes,laceot patkmtom.ilwicevpTliairescribot1 
rpJ,„teoi er diet hi bote mod me ot detnnienOal 
tlrugtOloa„y m certrnn heart tidere setlrngs. OCeee 
aarmanypatient- and physician-specific issues that 
conOribute lo “beari faoure decemhfmotion” whioo 
yre pwfomially reuecslЫo feoi. An aoaldtis in 
Geaarnmyof 179 pafrlenlf adm,ttedtotUenoSdllol 
va!1 ег„К d^omugtosain^n ot preteryaimo saiut 
fanorscтnelngM tCrt-i5h% ot odontnon- ottild he 
rogardeD ar preventable [23]. Noncompliance with 
drugrsb a hm.-.. , tbw iemmUo0 ^sra of acute ritoom- 
Uynsal,r n, pm»,, yt 42%. №0™»,rrsshonldntat 
hre pharmacologic аестьрс-уеп “bba dfecWn N 
multicenter clinical trials, at target doses when 
rnanagmg chronic hnirtSuloret .

tat^mon. to redeee tneh.gh kroedonoy atd 
arnilf ah heooMizeefoni ,o-. o!. ., a:,m! length of hos- 
01taltvoyt нrbta,Шflt emergeirto aoonr уМс™ 
ssrannaetn ott^uate oorto. Ohtosntnr orca islaie 
yoaiy. Gdoa. Ute cnaP.er meenhSSl lhe uotpatlenl 
enbrigeo -t cam am lr,gseУ aaH yoa nboethn the 
major reduction m total health-care costs if hospital 
.(.гс tsi rndumd Ont у as I cMold kt So smpcrno 
she etlectidtitew si rniraPty, etay. tnelt “hat lOs 
readmission rate deehnar. Н, hi O5% at Med.rem 
tghenit,u,m-^rr hutoltaalrearlu„a am Oor mtdmpf 
posts ,24]. TMs. „ yeari Oulgmt тчеое^ 
the quality of the hospitalization may be most 
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cost-effective. Reduction in length of stay initiatives 
are important but shouldnot compromise efforts 
to decrease the risk of hospital readmission.

Severity of haarmPoitureand 
resource utilization
Patients with advanced heart failure represent 
about 10% of the totvlhetrt failupepopuiation, 
experience the highest snort-term moatality and 
consume tremandsns resources. Whin improved 
pharmacotherapy and management an „ctgaomg 
pool of patients are xxpectrd to rnr vigrssnh revere 
left ventricular dysfunction who will ultimately die 
from refractory bean fa,Ince. Patients rith rrftac- 
tory heart failure are the psr.nmsesa tPf topenst-e 
techuologrcsophrstrcated rird^anies, mdrcUmg rat- 
d,ac transpkantahonhedramref crrnnfrtory ass.sr 
devices, automatic tCDs.Pinrhrrianiasparededsrs, 
outpatient ,mrave„nd,r,do-rop,eehesadn. autdPe- 
quent high-acuity admissions (intensive care unit 
stays and henmdynam.e mondhringh A Emopnan 
analysis has show rWitrt.amdsr spprdwherdtfe.at 
severe heart failure Won rrnld heart failure, pr.ma- 
rily due to the high rate and costs of hospitalization 
over a e-n-monthans.nnpriorto dyimlimmeAn 
admission for cartas haitsplanfohionaod pub 
operative care averagns «SetUgdsCfesS Sun impdrn- 
“■O”.and •■epn»^— rrorhhlrfSvon-uculief
assist device ayeragae П70:ПУО, end гперПаиГаТоо eg 
a cardiac def.br,Uatnt $SO.OOd.Spsc,anzph$3g,ona0 
heart failure centers will play a critical role in the 
delivery of cost-efSechen Ingli-nualrty mreto dns 
group of patients. Tien urneurusa ofe-fplnoUcaOed 
therap,es,,nclud,„gyИftrrrua,fees,rt<ieeK^^s.nlnnem 
tncular pacemakerUiCDf hhЧ,^rsenf rnluppn ther
apies, and high-risk surgical procedures (coronary 
artery bypass graftm- «!»,, mitral paha трап, 
and Dor procedure) ay„ rnepihnc outcornaiimO 
reduce costs.

Heart failure guidelines
Clinical practice guidahneehave been developed 
by carefully evaluating the world’s literature with 
emphasis on well-iootPollidiarOomizrdcliiiical 
trials of solid scientifis vdidify and ezweut opinion 
from prom,„ent chmc.aifhCopsensusgmPerma 
documents for the evaluation and management 

of heart failure have been published [3,26]. Heart 
failure experts believe that the pharmacologic 
treatment of patients remains suboptimal and that 
aorh both Hockers ead^^CiararaundrcutSlipml.Whc 
gnetrhnes amphasrzc dan rnfpoaUmcc of appropn- 
rrc phsrmacolog.c thrrrp (magnsdsmu. anh АСИ 
use for asymptomaSnSeft vehmeuias dyefrnci.oni 
and „onphatmscolhwrusrrmssnshtdm.msedog. rge- 
cation, and lifestyle modifications) in the manage
men, of heart failwso. ear tarnemf apd qcalhy 
of care tanstaahoosssleSadro ta а-УцРот rnd 
impeeved adherenceo- ЬетГаЕит prn^elnres am 
phonnorm Td»dvrM of pubdUed gurtleTdas ide 
ledso rhenepf^menl faf dfshre here menaf(menr 
dgrnitdmn sdot caIthnfmplemegfcf reps-rm haatth- 
care systems [27,28].

аптр»! progmm.caUoVo^tovv0 ,ehUtw os 
dPo ftps ftp patieor aitd.mddae ndspitahvaf.on. 
Multidisciplinary interventions designed to improve 
toerf aornstanca aid mOurn Thsping rim.eTdnr 
tnifear-nadumpat,etrts bene been toraod to Ou h.giUn 
10^0™^ „„ЫмоирЬиту heari Orime demisu 
““«'" P-ogrirni rs nmphgtdat РТуС!^ 
Cprnc HeOdu yyriem[ePi.Theaofsvesstono dfahsafl 
frnlure Wsdvafmanahamvft psthnm »» rmnhay 
pharmacologic therapy m compliance with evidence- 
bafyh Pc» Mme г^ЫпсапЬ to Uehelop arnpob- 
ae^snrto zrundr oouiifhauoe bptth fnr pahodt and 
pUnmzant Brlly. tdOiaeyden„yed,reoentlyhornrr 
(a-msd lyuari Murn SaStenSfiimat inamwedhegh snU 
for readmsinr anol ОЫу».-!^!™ hm gmetesh 
banept d^nnwri^isemanaonnErlpmygsems РиРЩ.

TheUutureann- the
heart Sai-ure ь)|уРг)1ро^.с

Мщ deafefaili„ pat,cuts am treated subopt.mally 
uuOc pPsastpae»,eTape «,31,3- |.AUS-mvey 
etsopholtnpe omdnhg.sts f mum l.kely fopm- 
eaenssACEls tan are genami pnaathuners and 
шtecnlcts |Зni.Asmy(dcnn^phlnh (de gtnchce рзау 
terns between cardiologists and heart failure special- 
l.ln.|rere,!f™,!,lelh.tllllCfI.||irierJat!o.ld..o, 
port,on of hear , fyuiom daStontsmryhe beher hnfa- 
aged by heart failure rpsoiahsts «1 db-h sUsSf ue 
currently available toorovetifuelfeartfallureforclah 
iso pu^de tnuenorarrefor deraU fa.lnm tiatfeots, 
PertorpafOe r?MesSlpehhnS<O feast hofum.facial- 
ists is to evaluate patients with cryptogenic heart 



Epidemiology of heart failure 7

failure with the goal to find treatable components 
that have precipitated the heart failure syndrome 
(i.e. surgical coronary and/or valvular disease, dysyn- 
dirany responding Гц eesw„hhtne,gotio„ shpaopy. 
ablation for tadryctrdta-rnveh^ tatd,o„,yopatley). 
A recent stndy oonclndsd lltei hardtotogypd/Ocvpa- 
ttotr111 outpatients cttdr neic-oarei beat, Ocinee eeoc 
associated with improved guideline adherence and a 
reduction in the compoePt „„point rf deanhulut 
cardiovascular l„spital,t.eh„,|d4|. Spwcaheed-nn- 
ters for hear, fatlutc canftaai wwvertmacnvndhntatud 
patients, often result,ugnr ptplsugcn ЯаПоРеа,», 
and in.proved qualitc nt liOorn hatientt odgnae^ 
referred expecting cardiac transplantation was the

Strategies to attack the epidemic of heart failure 
should include the foUcctdppmiiSqPinteit

(a) reduction of inpationtcoets;
(b) investment in outssctieu^1:pornaissl0kh^rteiem^nt 

of chronic diseornmaneoement programs;
(c) reduce admission. (dione unpanael iUate 

reduction 111 leiigtbot eStkii ......................
(d) focus efforts/resourceo pn ihr . lugfonek

pat,ent(h1!tor(irfft„tu_ehtrdUnlnpon.U , 
(e) utthzauonofspectahudU herphPueepnttroe.dere

(physic,ans. .miser, сиСтЫС-аиои
specahsts); । .

(f) extensive patient edvcatevu.

Dedicated “specialized heart faPtcr centers” 
should include the following mandates to help 
achieve these initiatives,

(a) detailed patient evaluation “a “stage” Pisortc 
and ensure oritirojineeit diopnosir end
treatment;

(b) dose patient„ondurinp hl ivtiievats ШогоР 
to the individual рееТрп! s paeCrc ~ ,_

(c) immediate access to heart failure team staff 
andtimely responses» manteut needs;

(d) patient education concerning heart failure.

Specialized heart fatlurectktortconoeovidnexperts 
ise in the medical and surgical mencpempntoSUaart 
failure [36]. SurgiceltherasiyfoolitetS OnPunelhighp 
risk standard c.■udl^c.ruryiutpcvrrlidcзSl.^.зltr- 
plantatiou, rnecbarucaP cteckoiory арп^теи. 
venmctdar renioddtng pnacednres lsoettaa_ inC 
ventnculectonty, Dor preiudcnc. Aanto исписА 
Myosplint*), trensmyocerdiel leser revesculerizetion,

etc.) hes become en essentiel component end now 
extends far beyond transplantation [Eli. Mony 
high-risk patients will benefit from standard surgi
cal oreeaUpeep widtasafotd print inrebaincat tiioo 
putt опР Cnurplantveipn readable ei sprciahzeP 
l“rttoilureeenfors.......................................................

Pntpisoy рте^пиопас thetalotwru tv Otiose Put- 
cpu. Hotaevoysecoudary prevention dranp.es to 
alleviate morbidity and reduce mortality are the 
ommsp^tc focus to uha du. burden ofthis oOcdui 

1 epandemic.
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Heart failure clinical trials: 
shaping hOs efdeuKefon 
treatment guidelines
times Br Young

Introduction and overview
As has been abundantly documented, heart failure 
in the year 2006 remains the only cardiovascular 
disease or syndrome witOanincreasinaprevalence 
and extraordinary AsortnditeaadnadrtalityOl-d]. 
Arguably, the syndrome has become the most 
itnportan, inpadentrnediaat cbalkma in the 
Untied States, partrenlarly tan the temtnntteper- 
speetive. As Figure A.g drntnnstrattt. tnevvel tales 
,,, patients with the dprgsrnsis hf rnnnssnve heart 
Mure ate „nproetunsnnissahat drtnid.aalp rnde- 
venttonal, and surgiueltVerapies ad™» .heerut- 
comes are still far from ideal. There has been a 
stepwise increase in fUre S^ae anrvinal dm both 
men and women d.egrrrned antb dunagesttve heart 
failure and followed m the Framingham Study 
between 1950 and l»b [3].,A deeaderhmdecade 
analysts plotted in mgnrahU bemehstraaehdet she 
5-year survival raie fne men has rwptovhd horn 
about 30% to 40% over time. Still, the fact that the 
5-year snrvteal „« foe .fee nrhily dOe* (and 
women only about 55%) emphasizes the extraordi
nary challenge a, hayd. Cordray. % hrhe. mvder- 
standmg of the palhophasuology ami momehrr 
hmdyrnamm diffiebtam whndr ansa, andmUta 
perpetuate the hem hnluae ^daonta burled» 
new therapies. Perltapt louger-ttuu daUddUh wed 
he improved with arenttn imighl rnd nnderstuvdt 
mg while more deh„iOeedregapunt,cmtereedi,ont 
dnected at the rnokrnlee bans of runrnhahng 
and cardiac failure emerge. Ultimately, however, 
our goal should be preventive oHseaai eatherein a

Fieuae 2.e Priient survival curves for men and women 
fullowggiuihgtiaminghamotudy and segregated by 
dhitde of di^onis [3]. Though there has been some 
implgvemealoter time with outcomes, the 5-year sYrvaral 
rates for both men anFwomen withennsesViva hurvt 
failure remain dismal.

fnthion simileh to succetsmunprvventioa of infec- 
^ussaem-ges, such as tmatopom, polio, wmm tuwer- 
hdrnht.Unaommately,unlike those-communicable 
diseases, the pathophysiology of the heart failure 

9
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syndrome is more multi-faceted and the syndrome 
far less well undersloode

Nonetheless, over the past 25 years clinical trials 
have played an toy„Mmte».dm,p«UkMrok 

shaping the ev.drnes wee nun, ore foe guiding 
interventions in the bean Muse pnOrenO, tadeed, 
the emergence of ga.Uelmes over the pp.-t decade 
detrnhng best treatment praamet have been noaho 
possible, for the mostterrU beoiueeofoutcu^esweU 
debned and eharaaeazehbyanncal tau-ot-Occeo 
!„ fact, one of the more robnsl sretrus for ymarecn rct 
so-called ee,de„oePpd.«U mrOeemphas besom 
patents «.th heart daolore, antitntsrsbtrazese of the 
successful completion ef»pdopart_2ham malUneSr 
of varying size, design, haOcoorpieeotnllli

Clinical trials uttuS ereidmarce- 
based medical praatice
As can be seen in Figure 2.2, clinical trials play a key 
role in the ever cycling evidtnca-basadmedical 
practice. Initial clinical experiencdacVobsrvvation 
of 111 patients dr,wahoshofe Wat gutafe who 
have significant snffpeung sbO desabfofy from beat 
fad- or, for thal matfur, any, dt-aate. .Mealey, 
rudimentary rnterpantnmsara ddeefopedohro roe 
generally based onhro^Sed,n„OatsSlmUmyof Use
ease pathophysiology and the potential for benefi
cial response. In thr U« oar^ropntrtrnuas.patr.eruh 
and experimentation ernecga whsds am foeuuad 
both on basic «к» aadehmcaiqptstioni, sush 
that pathophysioldgic paoeasoeSy aodpartntbnU 
molecular biodynamics associated with disease, 
become better и.-Леа.^, 1еуп.па pemfogms 
can be evaluated and axlsrohhatcoi, them „rhe So 
humans, hi patients oodu Isra-l fed-, -mo expel- 
lent examples of then mu the cOprustae1raPhи of 
ventricular remoddotgemned to disturbarea uh 
cardiac cell moeenUm mamteuenua oesnltntg rr 
hypertrophy and demeul htart failure st puntne. 
„ith chrome poody turni.rum bypeotrnstnii. 
Another example noun present inutgln n.th horn 
the renin-angiotenem-rhroatefone snstam intuSu- 
lates molecular dnrao^1ce, рос. thdf icnfeadiir 
hypertrophy develops. Basic xhttaeattoisu must Un 
intimately bilked tbchneaat-eoerlnlantatlelihfvlth 
therapies developed that can be subjected to mdi- 
vidual human expeeunerMfoo uhO t,,l.m-d di
als, with systematic overviews of data occasionally 

done to generate hypotheses which can be studied 
in subsequent clinical trials.

Usually, early clinical experimentation, often lim- 
ihedto ohhitfa, hhO»ha. С"е „РппопШО 
treatment strategtes. SUhs kuUa to more carefully 
ddde.loerrresm prospechre. randon„ae0.uxPcott- 
ОаЫЫ domed trials uhich idtics a mnra ntUorS corn 
sensus to emerge and this is what sets the stage for 
deedopmuneuttredfotumgulddnms.Adaedleng^. 
then, to educate health care providers, patients, and 
the poUhc «he. tbs Onusvlpngt goUnod fetpaOww 
dlnlealtxprnmentd,sudslhaohealth dtmeis^oiddes 
and brurthuhtu systems era emplementbesfmedtral 

pa“4ars'...........................................................................
ObsstsneUh. doe dimcnt still r hey fe Unodoomo 

suidebnesas oidl asyuro^emenkteoy remtemes., .tar 
e.nda, .d nog.Sm alunral pand.ee that rndayadunl 
pcuenr treatment occur, bus, hooefun-d ntthetng 
gu.delmesthatЪa.eluthot-yustoctn^trcecsmhtcmoalaS 
observahons. One nm foeo сроШте И оПоестОу 
'"n" p“ '“Phir-ty P"Wse boalds, musses, end 
implement quahty ,mpdOhanseolstmruglutsi,Пr doat 
dredimealoutcomp as rnp-posd. ОПену^, oltps- 
vahon „ht he eyd,cal nulla d-u aesruadf .u,l htpsat- 
menfsoedrd-dyЬetthhпmntanUle-tcst.

Wttnsaopset to hmiulfatlure 110™.,—^.^ 
mme rpmlnetmg issne-ts mas man), pallenttl trnot 
moss, dm,rd trnhsho -loss t^ponUtu Ho -Ута-
Ueul,cmol,s^aM,s «п0. euaued, ntosr eou,reae 
l•sl.e.yl,lfp.! dsmeat ттПе Рспг m oaUsuB.-s.tO ram 
toSlc Idr aentuicdar hhsnmat,oysho.l arehhdtdsm 
mot^alnoat l or 2 yufe , tS-30-/ftshecl, hr ши, 
dOysdu0sPdcUu^nleaant.h1,ed„ra„Slhdteeedhdn.t 
quanr pommut Oo notteebenadr from mteevactaoia 
Uyhelaurlu^ran »hy dns 0™ ts eЪalУпelu^d »— 
-ЬпоПО dnse the confty ued sydeyf -oyeUfnie dm-sth 
experimentation and trials. Unlike treating an mfec- 
dooe .e■t.s■..e. we am ea„pesu0 rn nos ЬеМ Onto 
ce„кtnpcautu foe sonUrи„e ,e vaedornoue hetcto- 
ge„udus dotu debar ppudmutn.eclloseOЬy pucupto- 
cocrel baafusiom. Wo - ПпПгпг fetП1Olthu not 
duymsit doss™yr1tdcusudeuЬettO, Scyfosts!-^, 
ciPc yeatntuol m oeeUofoosotthiioriafoemhO od 
meya Urautanal rnfenSidds. Chntual tmals icouIO eUvn 
ssuotybonsud. «lee fodo if „000^ etodSusfetar- 
mrne msmshuvn fadnme pudem ооН rn Such реаропоО 
OsЫnu0ad^euraЧ!,o^elo,шПtucePtЮrc,fhsa^mple.l 

. Flourt U.e,s™mar1zesttm d.^ossm „г-ОоПп of 
obtaining evidence that ultimately impact decision

pand.ee


Heart failure clinical trials 11

---------------------------------- ► Clinical experience (observation)
Rudimentary approaches tried ----- * | ------ Therapeutic concepts emerge

Research/Experimentation
• Physiologic studies -- * Basic x-------- -------- in Clinical <-----  • OSnevaConal series
• Molecular biology pursued • Randomized trials
• Disease paradigms evaleated • Systemstiv overviews

ClisicaltreatmenU strategies developed

• Consensus identified
• Guidelines created

Education

• Public
• Health care provider
• Patients

Implementation

• Health care provider
• Health care systems

Clinical practice

I *----- • Individual patient treaSnect

--------------------------------------- Assessment (accountability)
. Patients responses
• Public health issues
• Continuous quality improvement initiatives

Figure 2.2 The cycle of clinical observation, experimental trial, and AuSsusaasO tlivicaltrialthay)hapes the evidence 
supporting "evidence-based medical practice". This process is a nevervnSins tnulei

Registry

Case series

Single center 
RCT

Multicenter 
RCT

Case report

Uninformed 
decisions

Validity (control of confounding)

Figure 2.3 Methods of obtaining evidence with a subjeotivetanking of an efforts complexity, ability to control for 
confounding and precision (the likelihood of discovery oS trutO) (modified from [4]).
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making in any clinical environment [4]. Of course, 
as can be seen in the locerAeft-hRi2 corner of this 
figure, the least precise and most invalid method of 
addressing patients withngintfailucentoteniit rOnni 
based on simple winnr,preiUdicn, tnhnnntfotnftd 
decisions. On die ofiier hand llie greatest condtlof 
confounding ,,, stnddes, „btchwfiltead iotlie peert 
precise and valrd obeervaban.rs de tap-jude. 
muln-center, randonrrzad.tiroptrfeconeeoUest.arn- 
,calt„al.I„deed,thehnehhoodofntafoveeyrferUdd 
or the precision of r rsros, ss nVen dnecllp eelaied to 
the size or power ofthestudd.eVgdtVfy,bzet condrol 
of confounding is reached when one has a double
blind, placebo coutcobed, rendered bosicas iriol 
design, sized with slqfisnzalpnwdd enenyls aoVrfh.g 
itively address the deyphteont. ObymraOy.StadkiP 
neither occur in allclrmcrd cettrnyr, nor tan „его 
relevant question Vtthn pnuVowa nf осеПауопгЬс 
answered in such taalnon. &Паа„1у otlrrr ceeaa oO 
gamnrg evidence can belselocyrend shoaidneeesbe 
ignored. Indeed, it re Sho totality od evidence that it 
most important. Satad centea гайтане melt, 
cohort case control oPadicai rrgfoey ppeshh, errsa 
senes, and case reporte d™, wider does opeudcSsial 
of N = 1) can all provide, depending on the circum
stance, valuabler infortnatcms. Smply remeeibe. th. 
cluneal story of heart trantpianaatidn. Na„ethekds. 
„ has been „ulh-oeИсг, к^аак rondovmzedi 
cluneal tnals in раПепк wide latert ЬПрге ciorl hat 
best shaped out ЛшопОГоеаСггеепГрупарСтеаг _ .

There are some to dnne.P trials.
Table 21 puts the adnanSagesand diradnantdger nt 
these efforts mto peespaedne. Kffuwrng She „гг^ГПр 
trona of clinical tnals can Ре1„ renaoet nilerproSeboit 
of die evidence and pnt„,pt_heeck,paveotogeaese 
ehnieal trial approaches. Certenly. chorees мСа eave 
a difficult Ume еЛ^ tde Art of d^e.. 
Medicine is after ah, aidt oe art руП. гаарпГ te tfoVe 
profcss,onalism and padent «a. Wi.mnsr remain- 
b".that " an eyrrcordmarths nscampieto
understanding of ™i,ie«.ie soaks tnalnOing 
heart failure. Sdll dpreeed onais m heart Oaltreecagt 
only address a hnffied „unrbew nt questions and dev 
lengthy duraUon oh nvost ,1.11^ msPC-cvntar, 
heart fadnre tnals »„aean^fasm.sino.ost posss- 
agemeut and they denerally lgashroddtnsenul.nitgie 
wbde the tnal is ongoing .Anyone шedldan „pit, 
design, implementation, essd„tanaga„se„tof a dnai- 
cal trial knows the „.„г op a niochdastea rsbarva- 
tion coming out of another trial before yours is

Table 2.1 Clinical trial advantages and problems.

Issues

Advantagar
i Mostpieoeaend valid study of treatment outcomes
e Bnstd^ndteh^tionofrisk/benefit ratios
. Qua nrifapresmely outcomes
• Define adverse eventd

Disadvantages
, Hardto evoiuoee thq "Ast chMedicinet
, limiledeumOs1 of quesUions yanCeanswereO
• l.eng'tl^^ duration causecfnflaeibetyandignores 

ierelculientadvan cDi
• oWcty oefeelations are Hard lybiaseel
• l_argelemt)lesize uruLilyrcquired
t Cotlsasaenormous
• has eraHrre^y^^iy "add-onrehesapies ic rote

leyuenra
elhiut orvheervations thatcan eacilyzceqeenyificd 

(h^^h,
• Ignore important isruestternannoteaeily “e 

prentiSied iq^lity оf liCe)
1 Dm/^i largely „у healFocesenndbse-vnend for 

rehutatwr0 apoeoval o(qterapies
sDiffVult to gertorm suirgdaitdals 

yoi.ng.leted, mr.„hriy if )t cugncsts tdo) asirnrpor 
imt thecorrymts absent in your trial. Also problern- 
atie widtieinieal trials is that study populations are

s tteeedand d-ne svmple_ffza - 
required. This is best illustrated by the fact that 
»opsen,raci.ei minorffids, УОг дИа^ rrnri n.edcnfr 
hin^,sr„ntatc„,brbiOffi«e^c„nrlersapreSe„«t 
mmnarsna,arh«.rtft,qhiuelr,dsaas.aaheda,Ьeenno„e 
todaeOi Ditto fhc dorplftha oO dodo dee^iyand 
iipmber of mao-nts dcqmrgd „irisrot0drget^v dtsss- 
cudlrtptttlfo add^ ofddmg tda» sktdgcn asrutagases. 
mg end farpnly bndne hy the nredsarm,„d„ft„ar 
anarapl^»StlaOmfonf^e„rorfph^a,n,ntldateРtlyP,a 
псгП Mn reyuhe”OTy а„>о,ио„а1уе trrerapreSlOnbsnueSd, 
,Р“п„У"К. ьПУЙсапЬУ.Рге ЧР“ iPnt caa, ten 
etmhcd. Cdnmal Иак atsn weor to Поспу „mm no 
рьептеапто tiea, canbeeasily „nantffiedr eocd.ar 
chrth nr hvanml,zM,o„. Those _e„dpn,nls can he 
readdy tfrrerrss^d, Ггпопп™, adr„dcraSlnn si finm 
fSishoebonrb^cmne psnblanrabc. kor aonntpke ssa^ a 
patmmdtat«ca^vea„a„hyrrrntic(a„siar1ncтdlae 
deothi on wmoP^h dor to vrodrmsatc syrkmoi йот 
gestion and organ malfunction? On the other hand, 
moeS diniem trids gese^.y.gnoec merartaiemsuec 
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that cannot easily be quantified, such as quality of life 
and neurocognitive function. We have also backed 
ourselves into a difficult polypharmacy corner 
because din,cal tr,athatsuanniuet“ayboqu.n„etldr- 
apy after another,so that «theend oVthe Плу rtar,- 
dard therapies m pahentv tantlt heart tarkne raqnire 
nhlrzauon of many dtffetent drugsinaluding ate 
angiotensin-converhng eezyntefACEO enhehreor,» 
arrgtotensn, 11 reoephor ЫоаРее, a hnta-tnesnerpo 
blocker, and an alduetezone anhegornsg, nr eld,han 
to diuretics, digoxitg endin-deral aupplwuniK. 
Unfortunately, when the trials are lined up, it is diffi
cult to determine ,f ffn.y addhrve eerdsareaparr- 
ent. Cluneal duals ar tde tars tonly rWl аппарата 
one overall treatment pa^adigng agrrnse n rertsaid. 
Finally, it is possible.but naraey nioredifficull fnpee- 
forrn trials of Surg,0ise,ntervrnhonr .„here, bulnna 
pahems and, though eorno have Oven, tone hrfter 
metlrods need to Ье1кае1ореЛ hrdartfy nskVdenefll 
of these procedures.

Heart failure elimnainriaknonus
Table 2.2 paints a broadpicture nfd.ie heart failure 
clinical trial evolution and should be coupled to 
Figure 2.3, Panels (a)atd (b).Inthel9n0s,hiart 
fa,lure was largely fbualdereh a ■ra„ryf^rat■sbm. 
drome with ftrnd ewpat»e ceayrng pentpraenn 
edema, organ oongeshon a„P tttaektaffttna and 
dyspnea syndromes. Rudm-ent-m .gnde^standing 
of the pathophysioroee of leeart Rita essay» r 
des,re to .„prove e»^ со„-гасС1П<п гптУ relieve 
congest,on Ltm,ted gheeo-ues were leo.ulahlr. mow- 
ever, but m the mid-1960s the loop diuretic 
furosemide greatly .hanged menpryori-a ry-rary l0-. 
Dig, tails preparat,o„r,пeetaUndLnra1to.aar^eutetttn 
treat the contract,toy mryairrnsnl 0 n faroi9at,ng 
to review the hteralareeomeh^e,dorgg<C т<По1ППг 
and 1960s regarding bop ttotrahce ^Л^уПп 
preparations. No large-scale, randomized, well- 
controlled clinical trra.e wlila „„.„oagad onrodmoe 
were done interestrngry, ara 0..™^ toeeatuae 
emerged address,up the nro.r sffeehne wag to, d«.- 
tahze a pat,ent and effect bert Herd levskn bned 
on organ function aodtai hadty, tan „ore 
recently, has ,1 beeoroal^zradhao on^cdnnshtefe 
likely worsened wtde h,otnrtaappanadhosЬacausr 
,nd,v,duals were berrtg yamdiieeaA И У» nWyheen a 
new analysis of the sernenal dsgitahs АгоопП^Поп 
Group (DIG) trial, which was originally completed

Table 2.2 Heart failure clinical trial focus.

Time period Focus Issues

aldd]0al9e01 OTgest 2on • Newdiutetacs
r Blood pressure • New anti-

hypertensive's
i9eeai990p . Hemodynamics • "Vasodilation"
irarr^oes1 • Neu960um7rs •ПААУ

modeeation
2r00s-p1etont 1 Biomechanical • Surgery

re modeling h mmr
Future < Phu9macogenomics N "Des.gnrrs'

drugs

tAAU: геготаккШег^^кйе™n svst.-mmCie nardiac 
resynchronization therFuy.

and precyoteain 199A,Shat theproperdoseandbest 
thrraprutor level оf esgoxidihzrventiaNyb.eti agreed 
unorc [5].In1he 1960s and 1970s observational 
eladrer inib a-ow ranndht1zeda1m1sa1tnalrnaganm 
eafnaet./rwaf ,„ ИтепепаптопО tyaderngnamo 
siderations for heart failure studies emerged. Early 
clinical efforts focused no helhadollo„,lrУ1eni|tdla- 
hou. particularly aftanot an al vena nr vosodtOetiOio 
witobluod pressurs rowerntg lndredteerly studear 
nrtnol950iRtЛh^tam.Иholntt„,rcylteaLyzmrim«d 
тИо(гГ^оегт Aaraerssized H,a Ьe„fdoeal cV»^ 
and ^lantodonamic eerpranne. ttoatcouni.b^seeit 
пгУр easodt^at™,. Ae Orut tone, ртрае^ое* 
«ndrep wes o rvtail dayannre tron, -,„„« wis
dom besaurs dasoVllrt,dn or rg,l vondr[deyЬssoso- 
csat'rO tsefA r <<^8 ЫпоП pmrsvre. AndAed Лг-рО 
-hat okid 00»,. tors war 11smшlhd d1drh don„tdpn^ 
mo11drd,arteenртesdnmo.roddaofnvsnned,anlanea- 
erakevb drurml „pv-wemma. ^1^»^ these 
oЬrynaЛmrЫd,rerflydoarCdaddr1t]mvp„tsy^^dn 
mote teЧlooпidИl mlarsfionpahgnds sstoOk rOetoy 
1nom paratnrara negahvo clrnnel t„aO ednnomaens 
the_fimt_Vasnntaor,t1.^^eern^Fa1rude PatienaTaar 
(V-HeFT) reported in 1986 (Table 2.3), the reduc- 
Сюп <п mordidfty aocl nooe1ayinfhadnsnviraey wheiv 
rha vvedd,lntots hydralaanea аиУ^гЬ^^е ornate 
wnee yraauOosMtor andco„tneredidhpLtt8ao rn 
ffts first [arae-^alanAutdomlaed1 d-AKiOr™! hf 
aaoamagtenk heaft par,o„tsrd he reponeV.Л1tnaVsd 
ed„teo1 agando^aznon] ffiooigh a Ьdlodoed aftenel 
raid nsnono nrlMOTe rore of nn bonelft ana- sdyoonV1 
that vasodilator actions alone could not explain 
observed tliao^ial oulcomes. АпоЛ-г. as^ybly
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Table 2.3 Clinical trials shaping our therapeutic approaches.

Trial acronym (intervention tested; year published)

ACE inhibitors/angioteabie • BEiT /Ccrindolol) 2001
receptor blockers post-MI/CHF • CAPRICORN (carvedilol) 2001
* CATS (captopril) 1992 * COMETT (carvedilol) 2003
• AIRE (ramipril) 1993 Calcium channel blockers in CHF
• SMILE (zofenopril) 192E • PRAISE (amlodipine019/0
• TRACE (trandolapril) CePt • V-HeFT-lll (felodipine 1A93
• CATS (captopril) 1996 • MACH-I (mibefradilO 2800
• VALIANT (valsartan) 2A03 • PRAISE II (amlodipine) 200m
ACE inhibitors in CHF . . ...... Inotropes in CHF
• CONSENSUS (enalapriT3A8E O 1 1 . - 1 . .• Enoximone: oral enoximone in moderately severe
• SOLVD (enalapril) Ю98-П992 CHF (enoximone) 1990
• V-HeFT-ll (enalapril) 199) • Xamoterol (xamoteroPPIdAO
• MHFT (captopril) 1992 • PROMISE (milrinone)1991
• ATLAS (lisinopril) 1999 • DIMT (ibopamine) 1993
• APRES (ramipril) 2000 • PROVED (digoxin) 1993
• OVERTURE (omapatnlat)2001 • RADIANCE (digoxinO 1X/0
Angiotensin receptor OloMHeTs in CHF • VEST (vesnarinone) 0993
• ELITE (losartan) 1990 • PICO (pimobendan) 1990
• RESOLVD (candesartan)1999 • DIG (digoxin) 1997
• SPICE Trial (candesartaOVIRTU • PRIME-II (ibopamine) 1990
• STRETCH (candesartAngi999 • LIDO (levosimendanO 2002
• ELITE-II (losartan) 200E • OPTIME-CHF (milrinoneCOOOC
• RESOLVD: B-Blocker StRdy (caDdesartea/metoprol.l) • ESSENTIAL (enoximono)dOOi

2000 • SURVIVE (levosimendanR 0005
• Val-HeFT (valsartan) 2003 • REVIVE (levosimendonC 000(
• CHARM (candesartan) 2003! Other treatments in CHF
• .......................... .....Anti-arrhythmics in CHF a 0AFES(solronolactone/)/29
• BASIS (amiodarone) 19УУ • IMPRESS (omapatriht)^OOO
• CHF-STAT (amiodarona)1H93 • ATTACH (infliximab 23/1
• GESICA (amiodarone 8HA4 • IMAC (IVIG) 2001
• SWORD (d-sotalol) 19П6 • RENAISSANCE (etanonepC/ 2002
• CAMIAT (amiodarone)) 990 • EPHESUS (eplerenonert003
• EMIAT (amiodaroneO 19H0 • ОРТ-CHF (oxypurinol) ATTA
• DIAMOND-MI (dofeOilide) 8A99 • ACCLAIM (immune mo0nl3sion)c0yy
• AMIOVERT (amiodarooe)OROO Vasodilators in CHF
• DIAMOND-CHF (dofetilide) П00/ • V-HeFT-l (hydralazine/EcHo^iOedinlrenteteS^y
• MUSTT (variable) 2000 • Hy-C (hydrazaline) 1990
• PIAF (diltiazem/amiodornoe) 200e • PROFILE (flosequinan) )88C
Beta-Blockers in CHF • REFLECT (flosequinan)1993
• MDC (metoprolol) 1990 • FIRST (prostacyclin) O917
• CIBIS (bisoprolol) 1994 • MOXCON (moxonidin))-8?0
• MEXIS (metoprolol) 199) • ENABLE 1 & II (bosentabOOO/
• PRECISE (carvedilol) B996 • RITZ (tezosentan) 2003
• MOCHA (carvedilol) 1000 • EARTH (darosentanO 2002
• CIBIS-II (bisoprolol) O989 • VMAC (nesiritide) 2D0
• MERIT-HF (metoprolol cr/xI) 2000 • A-HeFT (bidil) 2004

ACE: angiotensin-convertiogHnzymr;CHF: cir.estive heart failure; IVIG: intravenous iEmTHoglebuliatMl: myocardial 
infarction; acronyms for clinica: trialcnotllstrd. For complete list of trials see [1].
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more interesting and even earlier study, the Beta
Blocker Heart Attack Trial (BHAT), reported in 1982 
(Table 2.3) on a large subset of heart failure patients 
post-anyocardaalinmruaron »ho seauived mdeaalVa i 
random^, multi-centey playaOo «anftolkd cH»- 
cal trial and den,onarratai2th)itdie pht,a„Ussa,„n,h 
the most benefit .apnH^o ngnrbcantlc dliwthe 
pen-infarct setting Ihryingcozadsbyelaeartfahlurr! at 
is hard to recall now, but giving a beta-blocker to a 
patient of this son m the hate Ittym ows early lasht 
»as behaved to he irresponrible...............................

The original V-HeFT Trial lead to the vasodilator 
in hear, failure” hypodrasio yvlnibihas ptirrnrv ton 
many years. mtererWngbptVa AhE nilnbrtot inals 
were developed becanrethus aganlv -pebe-hvedto 
ba effective vasodaialasa and e апП-ЪураЬьтпе 
agents not because shay were siguttlaanl modulators 
of the renm-angiotensm system. The successes of 
heart failure trials wirh ЛУ1. mhidiior- did osce tdc 
importance of themmnnmdmnmmtomdwftaaone 
system was ydeunfion. nrhar in tVa_ иептУшеопС 
modulaUou bypodimaa for iram farh,retbssap,ea.

Table 2.3 and Fm-rn tai iat asnr irt hst ttru 
acronyms of seminal trials that emerged after the 
original yasodilatos himtwweae 01^™-! M. 
These trials have foeurad largely nr ACE mbtas. 
sngtotenstn wwper himbeus, rmtnarrhythmios. 
beta-adrenergic recuptoh biockets, «Рапс, chanwar 
blockers, ayanety of топора. andrnodaaaurs 
(agents with varyaaay tEgmas of тт-т-ртс efdauts and 
vasodilators), and a variety of other more direct- 
acting atrial and venous saisoal Tato-s, r.n- cthlner diet- 
apias in heart failure, -У hr iaaa impttyUrnr to hrnpw 
tl,eacro„ymdafin,nnbtha„hsimt„^cem,nn,rlddtrf 
and the year obsesnadons vnsa preahrtaV. hliai 
detarled descriptions ^ffifaa atudins^ fan be fobndrn 
tlie Clinical Tnals iTaihha^emrsmamail Г,1Р. 
American College of nCarhioldpy[S]. In iommary У 
has bean these tr,alsaao„g.lйyShrfteУl,„llalai■and 
cardiac rasynohroniaanon «nd.es пЫтЫ m Table 
2.4, that created ons ^«,0 knawfedya boron, 
bean failure and upon Ehaah ibybaarl MutE want
man, guidelines summara-ed m abnsna 2.S ouai p

Simply stated, ACEnilfabidars arc nearlnrnnrayttb 
to reduce morbidnyaud „0,^111™^aiiOht 
infarohou when aigmttaauu left псп ,„0.^1^- 
hon and heart failure fsepeaaaut. ^•heanyftEen1ln 
receptor blocking agarileais.eotan la.es Пспс^- 
led in this setting as well, and compared to an

ACE inhibitor, arguably, has equivalent benefit. ACE 
inhibitors have also been demonstrated tp are Vta 
underpinning therapeutic agent in all patients with 
symртanaаhaMeeAttKunnЧlaЮ^aEysaE„clln„r.qyi 
many beheenagese Упац. cau prevent the davcem 
manu pfsa-mnanmanylphuianunmam mPyifdmEa« 
irdiiaa path у^,р^псП11Ь mmaattih» syldhu 
thntonacob. fbo reaentp., angiotensin mbayior 
U^aceaars,pfat,aЛ,rlhoaaldes^msrahhnab_aaPanl Save 
bSy deen heinanstsattd to be effechue m gatianli 
wads symptoniahc keft yanlmtulaM оуПоПа elystaaa 
Pon.Soina bh,™ tEahanhю^e„slnraaepinaЫbanesa 
ПУпПрсп bentOs of пчппььГРп, mmunt-iSe comptred 
to ACE inhibitors. i„lyreismgth, n сотЬтепоп ot 
tamdraametrasu^a ACE Shmnitpr ргр aabitye addas 
nnpnrr1e„e„S,MlearaucpnaeEytogenftq,er:нnlШ 
T„alf|a|aBeta-adre„erAcPlodlfEf^ebresa^tallotEei 
Wnsap ordcyus чьааГеЬапебсаП.У! Acpi faibmu 
nanim-d marveAlolhUiaramP relearali„stoprciot, 
itats mucpptoH sir 1faes_5]t„psnnscated ampdeubve 
results m heart failure patient populations. Indeed, it 
l1eCe..pl.pl.l..e«ll..lluallC„lea1!loPl.pPsi...C!.l 

hhE mUn-paunr (or tmgEhhhrm ^eeapiof VPo^) 
dnra, tuham uamams Paa basin approach Sot ЬпМ 
feilrise yutrent may-hen,om.h,toreshn,Eryl acar- 
n^cbyEnme agents aAdpalcth„-han„o1Ьaockorr free 
not peed ap th „agam- expecianphs with fesdtbt is 
mosn1mm and «.ytrlav reUtirPnan m УадеНеУиге 
populations. As heart failure patients have a very high 
rlrknSaddden rmdiaudeadmocw wnusd nnacy X-OT-act 
drnt mibiannahmm UaEes упоуИ 1» helpful Most 
tem-arohtatgm.;agemrPayehtot^eshasssnlaUaPuaalta 
a^nniry enb, mdeen to„ecueУaas proces-yl unni 
qmmdmei among ciders, ana bhlgil tn worte wuh 
cn„somn,h,vrfuaЬa,nh1lerltakare.nmindaahge 
nthyogo atn^-wsrhErnmcdrt1cwУ1,oh1arbhllЬry.Pbf 
aiemnuairaucd comebegchtrn bmhtE mlheapataenft 
stgPted m drnacal hmh, ПиасгГесгааеиг -pparva-n 
isyo„if,aryc tn mrslaitiunpyof a dehnmllalorEr 
aasdiac ,deynhtaon1Phmnn 4001» ^«610 pale 
m compmaamn. Cskcrnc fdmanyl trioaftam, рпог 
Crodaht u^nsaTne. Um heart fuilmr daaau^ of 
Psair «cail-nt rierab.httaaars na^^yssyemit- 
hwppct^en.asle a^nta (-umnVaay to np-tPPat-nvat 
davs^yaa dentOTStralub tnaaeCr an tEe al^soal ira.aO 
arietint^^^.3. ...............................................

<». nd themore eona-rahovr queatosnr ea ueteted 
tadse sdtaofntotrohaimnaOersBпЛha11atratrnra. 
Obviously, when patients are identified as having
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(b)

Vasodilator hypothesis Neurohumoral hypothesis

ш 
co

Italics = Post Ml Trials

Figure 2.4 Parts (a) and (b) comprise a timeline of observational and randomized clinical trials performed over the last 
half century that have guided our heart failure treatment practices and provided the evidence for clinical treatment 
guidelines [2,5].
HF: heart failure; Ml: myocardial infarction.
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Table 2.4 Defibrilator and cardiac resynchronization trials.

Trial acronym (intervention tested; year published)

Implantable cardiovertab ee2i4rillators in CHF
• MADIT 1996
* CABG Patch 1997
• AMIOVERT (ICD/amiodarone) 2000
• CASH 2000
• MADIT-II 2002
• MIRACLE ICD (ICD/CQT) 20G3
• COMPANION (ICD/CRT2 2OO4
• SCD-HeFT 2005

Cardiac resynchronization therapy
• MUSIC (CRT) 2001
• MIRACLE (CRT) 2002
• COMPANION (CRT/ICD)2002
• MIRACLE-ICD (CRT-ICD3 2a03
• CARE-HP (CRT) 2005 

decreased systolic left vAtitriHular Tunction one would 
think an inotrope is beneficial. This has not, however, 
proven the case with a variety of drugs ranging from 
phosphodiesterase ireCrhhors to oalcltftsnnsittrers

digoxin. Dtgox-e vtha one apent whthh seems 
more olearly assoeiarnV oeht rnorOs-ldy rednetinn 
(hospttalizadon fot heiiarfailuca-, however WPdhet 
levosimendan „,11 ptonebanedcaD ao tboloregnnih 
going Ю rest with fimnl arndntes ol two Ь-е- olt-ieceA 
trials, SURVIVE and REVIVE, presented at the 2005 
annnal Arnerirnn Htan Aatortetlnes.neotang.hhrm 
„as some snggesttanntthoREeWETstal dial some 
adnnmstrahon of intsevesrniR VeTOErmrndanbernP- 
cially affected a quality of life and re-hospitalization 
endpoint. The SURVIVuTriala suggastedtliat dnbu- 
tarnine and levostrnwnAat, setth oef -r n^tt^ern, 
morbtdtty tad s.rndat oritTomtr. Mmy «Г taeah 
meats for hear, a.lhanhosaebesh stndeedeanlr aa„-

results. Bloetoathaaldorreronnaattnv.aye „ids 
spironolactone or mlemnone Vnr pas™ uffecAna 
,,, bear, fa,lure pat.ents „sthleftventreoAlaa une- 
fohc dysfunction ?»a«tah (RBintS) «hctne* 
myocard,al,„farot,onS„aoteb,hI-a„.rtest,evfiaallh 
(EPHESUS). On the other hand, omapatrilat and 
oxypnrinol d.d no, v safe-don- la о00, Hd.
dm,cal dials. рттппе^океАоп «Т 
tnnior necrosis fadoa PHNS) ant,bod,es aloo dsd not 
“ paAenfs and tlseremao „moo-wad» tb 
infliximab could actually be harmful in this patient 

population. We are awaiting additional clinical trials 
of immune-modulation efforts to determine ft thia 
is a viable strategy for heart failure patients.

Vzsodilatorsds о yayhbespsoniewhal Otsavomr- 
mgmheart fa, lurepat,eeAwtdae Aewhxcepttoat.The 

lonat lsvdrelhlr,„a^srtn,eo„t,l)lh 
inmate combinaAon studieh m AieV-Herd UhnO led 
toau interesting ch„ata)t„civta phopr^d^t-oon-hb 
nanon of these druftr nr Aftmev Avermanr, the 
A-HEF Trial „h,d, de,„n1lotaatеdtat0etprorou„d 
effects on moafalny eor) ттЫ-Пу v paMtn of 
Aimau Arneatcaa, Ьета-е. Centachd btoebtng Ast 
alp ha-adaeiaeagic pat-nays „r)h mexomnmeoaamed 
fo create defrnnent at „as atro seen „Uh -hudees b) 
dose,n,nana„dprottaЧletшg.Aar)taOaMtr^lteraCho 
by blocking endothePe (Vnreotru,,treoeentaa. ahd 
darosentan) have also been disappointing, and these 
agents likely „Ш t lon^obe omr-fod iw pafeoV 
with congestive heatt railuye..............................................

Finally, as hated naTaЬVea^4 sever el drnec.at treat 
have defnnnvdy aVatatsen else оиеОтп ttf auto
mat,о planfable caedtnoatles ЬеО^^е and 
caadiac aesyndmontzaSsou Oetfeea .n paliema „Л 
^„ОКноО^ ^fohe deft теп-попЫ- dyafundton. 
Vleaoh.hnoead™dШ^s tmiArt V- those atmhed ns 
the drntaatmala fhern deveosa aeeeoИeooOn,atdy 
„tatdott. tod„df na ar-aaa mdmd-nlbt yetfh wok 
VReeoh,hee^^mtml regu^g)Ыna)d and lSЛemte 
hdin desnat- n^l1spormg)hem fo.a s-thdencard^af 
dearh .^а.^.а .mpam^ier И^п.п.гПп^ drtmaaAaavd 
0" SAP™ V Уl«mlehxamaa),-deda1reuno
strategies only.

Clen)oall hadal-baaerd

hherapeutec guidalenes
И.те 2.5haPm„at,zeS the mod accent (2005) 
American College ofCcaiotoga -ndSendrican 
HeartAssnciation “stages”iu thrdevelopment 
oh hedt failmae snd aecornmenAed 01^. 
hr^hdtpelehaav»шgmeV)blv.aeplhadePtt,tllv_h)pee 
khI А,О1 „tOtthcomee-edtum oV-ipOdaa-„»MV 
ddaammtny foe stmngeh_vf T» recommendation, 
anv-e A pahanfs ateiicViyihualr ct hmArtskfor alae 
devehrpntemof heatl eadufeЬue „enУpmst-naWaal 
heecr Peseaseot sW-n„a oS^iaa-^e 0^0. Theet nee 
АНУО-та- 10- ртпаив cgnt hnoefte„r,on) аП»т- 
.aVП,Vf.avlhd^bcndv elit^aeidA^be^ea, оЬеит, the 
metabolic syndrome, or patients undergoing therapy



At risk for heart failure Heart failure

Stage A 
At high risk for HF 

but without structural 
heart disease or 
symptoms of HF

Stage В
Structural heart 

disease but without 
signs or symptoms 

of HF

Stage C
Structural heart 

disease with prior or 
current symptoms 

of HF

Stage D
Refractory HF 

requiring specialized 
interventions

00

>

FeseHnnple patfente 
sete. । .
2 heg>ettension
t see srosclerotic disease 
2 siabntes
• obesity
• metabolic syndrome
^^^.,.Patients 
s using cardiotoxins .

C with FHx CM У

Therapy
Goals

Treat hypertension 
Encourage smoking 
cessation
Treat lipid disorders 
Pncourage regular 
exercise 
Discourage alcohol 
istaos, illicit drug use 
mskirol metabolic 
syndrome

Drugs
ACEI or ARB in 
ag>s>hspriate patients 
(^edUset) for vascular 
disease or diabetes

(NYHA Class I)

Structural 
heart 

disease

Fohexample
p^Oients with-.
• previous Ml
• LV remodeling 

including LVH 
and low EF

• asymptomatic 
valvular disease

Therapy
Goals

All measures under stage A

Development 
of symptoms 

of HF

For example 
paSests with-, 
h Snewn structural 

heart disease 
and

• shortness of 
breath and fatigue, 
reduced exercise 
tolerance

Refractory 
symptoms of 

HF at rest

FDr example 
py fonts who have 
markeddymptoms at 
rest dzepite maximal 
medical therapy 
(e.g. those who are 
recurrently hospitalized 
or cannot be safely 
disvharged from the 
hseeital without 
usxciulized 
interventions)

Therapy
Goals

All mcesures under stages A and В
Dietary salt restriction

Drugs
ACEI or ARB in appropriate
Paints (see text)
Beta-blockers in 
appropriate patients 
( eeh"ext>

Drugs for routine use
Diueettcs for fluid retention
ACEI
Beta-Mockers

Therapy
Goals

Appropriate measures 
under stages А, В, C 
Decision reappropriate 
level of care

(NYHA Class I)

Drsgs in selected patients
• Aldosterone antagonist
• AaBs
h Digithlis
• Hydralazine/nitrates

Devices in selected patients
•IE||vitsntrk:ulY[r pacrng
" impidsSnSle defibrillators

Options
r Compassionate end-of- 

lifeseth/ltospice
"EAtiBOrdinary measures 

phsarrtransplant 
- chronic inotropes
-oorrnanent

meshanica support
-hxfterimental

.surgery or drugs

nsplaer-ally NYHA Class IV)

(N YHACIass ll-IV)
Ffsure2.5 American College of Cardiology and American Heart AssociadBn"Sttges" ihahedevelopment of heart failure and tre—tmenh guidelines [2]. 
NYHA:New York Heart Association; ARB: angiotensin receptor blockers; HmhssrtfaHdheiACHotsgiotensin converting enzyme inhieitoe.
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with cardiotoxins, such as adriamycin and those with 
a familial history of cardiomyopathy. Therapeutic 
recommendations based on clinical (largely studies 
,,, hypertensive a„W diabel,cp.ctle„ts)rhggert that 
one should treat the „-«lens,ten. oantnsh adcero- 
selerohe „sk factors, an— -pcV„r nreebrrpnoo-ot an 
ACE inhibitor or anponenten tererdve MoePer ,h 
appropriate pahentn naveh-uascuear disease and dre- 
betes Stage В heart feta „rttludrsPhr^rnalh tOrrtay 
tural heart disease bc" witChm eognc or soar phono of 
heart fa,lore and, hheSfnpe А -««г general 
NewYorkHeart Assoelatюpfunctsoh^ltCalsse.TCiesd 
are characterized bynadsvadnals Ireoog.apse-ipu- 
myocardial nrfarcbhnoe demenrCatrna kft nenlrur 
ular hypertrophy wide SY-toIdH er diarluhr t-nfure- 
hon. An individual svsih -eenipMrtt.ehc valvulas 
bean disease wonl— ah» de cc^dueaVP- ns 
baerng Stage В heart dailnre. In hies i"»»- 
measures detailed under dtage A sue appeppnale 
and, in addition, peeroiptioh yf an ACh rnhtbdti-r 
or angiotensin гесерюг bloakea end Perp-fhrenyr(vc 
blocker „ generail- ahprtepПvep. Wren a ntapa В 
heart failure раОе„10аееГо„, synupfomr, iPc-ccoso- 
tion is made to Stage C which characterizes mdi- 
e,duals having strurtuml been dnenaise aad prior or 
current symptmns.Tbrre ,.г,п.г,1г ptesenU „lb 
shortue» of breath, УоС-с„. eaVrehuaih encosetoi- 
erance. Therapy begmtwl1haalnfaasuresrorS"egenA 
and В patients, dieinny -s,„-ton, drneetacs

1 Polyper0™1^ daunTing
- Ыткю1 patient compliance
y М.во110-1 Ыoodpressure/renalfunction to work 

with
- eemocleling drivers heyerogenaoudaunrndundant

• CCnical г>-ог1У1п^:)1: beneficis Io irtaomeslimieed
- Pelha„s 30% of study Oopulationrebpondfevouae/y
-.„eompiereivsight into hhart failure pathophysiology 

stll (sxcnb
• Uhvimscogoeomics largelyigeoredtadao

- Genetic links to heart fmilorei lloha racthuiee e 
.- Environmental modifiersofeenm1tin irodisposihion
-о „-p- lailure is plastic

• Bett„r defin'l.ons of pfhientpaguln^nnsnaedeel
a "Sysso He" vvrsus "dfastonc" is eartfailur^er
a 'Хоу1^.^-" vers us "Еоп-сопптгуае"$аеОегЬеОег 

eesog nirsd
p ao-mor-lditlds deseBeh eyttmr nitention (diaentee, 

reral insufficiency, ап”т^, etc.)
• Pl—Urltrisls oust betterreprerenve'remrworHannknl

-aett„-"

for fluid retention, p-dAeh-irtPhrePiria ueiih 'cvi 
adrenergic blockers. Olhes drngr enssrPeealem 
paheuts would be aMont-roue т^опМу. ощцоу 
tensin receptor blofners, dSgrtaHr p-eparrrVoc", and 
the combination „V e,nsIralazolc and loeerhrde 
rntrate It ,s also rn s^ pahantt wtsda dvcpile best 
med,cal therapy, reenern nynsoenmohrterat aentPau 
„synchronization »Ph а -гуегаиссиксг paevprih^ 
would be appropnaten Theee Slage C pyl^^ nee 
generally New York Hvart Aesornhon ОсП-ГС 
Also certain patients in this group cuoIW benefit wild 
“ implantable dehW-Ulator. fioslfni Stage D „pre
sents refractory haeert holme eequeunH spec.ah- 
zed interventions 011- уРЧоеМ hosprfahzetennu 
Compassionate endnf --s careoseydf oeosl appnc 
prtate but some are cenPedaKs foe eerdear trans
plantation, chronic evotroyiv rrifurrou, ovrtfienupf 
niecb.rn.cal с.гсиЬсо-еаирпогЬ ус euferemhnlal 
surgery or drugs. Tlner-ePrUent-ere gen-ralty New 
York Heart Association functional Class IV.

Future directions for 
heart failure clinical trials
In the future, it is likely that heart failure clinical 
fsrdt w-lcan-mue with great vigocbeoanseoOthe 
diallenge ouilmed atoheb agmnmg of thinchapttr. 
Claraenhy, uolysihartcsipe er dimming etna Ьо-пГрГР 
we will see fewer add-on. ooetc Polypharmacy 
hmi-f oaaaent c—niphearseaiid-mceevore epentrsCc 
dr-p moafe la™ Hyieh cressure osd -hrieu mmC 
lu-icttoni there are limitations we have with the 
mte„rhh de mso-art-e meteeeatern.s we ca- vso1. 
hnrrhsemo-e,ЬШvuet,nn,vкlya0receoln-t,ttn„1^y 
mrt ymmfemurtf to free a Ce-ehlydeleng -roce-s .ee 
а.™,,!..,- rlnspatbologtc.er „ос lr-leroge„eour 
andrethrndrtrt. Putum el-iapl 0-icIu ni Ct IiUvU- 
bood,»,.! deOu«. Ьcdrep„tmU,lrelcsmlnmgchpe- 
calpredleronr of beneficial outcomes. Indeed, as 
„Isndedto, urt^taps ,eVy .saoe e starUy рорикой» 
--hltndslo.ulymtes^eon,o„.Bvgvrnmg,s,oremstahC 
myo heart Mme prlhophv^ody we ddely wih he 
уЫе to ^fisre n,or„ suve.heclln whash^polieuOs will 
„.„„a r^orn wbcb .rocche h^eeopCl Chiucul tnob 
wihah0 wpoac phlCs„acof„„rtIe аЫ oeoolc^c

Ua—e 2s Fulure directions for heart failure clinical trials.

„trero/Vslpr/acU>e/s
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issues, perhaps better defining environmental mod
ifiers of genetic prechsposiAontoheart failure. We 
also need to do a better job of defining heart failure 
pa„e„t populations Suourcln,Ksabetiarsde,f<nfogun 
more on diastolic hiart faflgrn.elioughriprosenUng 
half of the pahentaadmmrd to thehospafal srrrh 
congestive heart tahnnhaoeyei nt ik alud.nd 
,„tensely. Clinical „iris „,11 “Oohave tobef dtar- 
actenze co-morbtdnies os -Oa be.-n fatlorr n-thn-i 
particularly d.ahetes, renal ntsnfficiehcy, yard nne- 
nna. Finally, hear, failnnecl.nicnllriah no the, ftitnst 
nrnst better represent a real world clinital piad 
nee and have pahens euhy speclicalSy hnked tu 
older, female, and multi-co-morbidity populations 
(Table 2.5).
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StandardmediRa3 therapy 
of heart failure
Mohamad H. Yamani

Heart failure continues to emerge as a rapidly 
growing clinical problem with an immense socio
economic burden that is associated with a rising 
incidence and prevHeact da-уш b« oheaf use of thm 
world population |1,OW bi-cirecentptlib n^^w Se
quent cause of hosp.tohoanon ,n the Medicare pop« 
ulaoon ИisestnnateC heaf Waofpaveeufcewer ihn 
age of 75 years have hearfOoduae. ln Wl. 4 7 smb 
lion Americans were alive with CHF spending an 
eslimaled 521.0 hilqinu Oor uireotand ieeairect onssn 
onlhtsdeeasfatnrgdfSy.......................................

Despite major adoancesin ChnIi«Uieph,vokWc 
understanding of hetrshihlu^e.the moonidilyanC 
mortality rates of Oheee pae.enta cnnhteua eor,se 
reflecting thus, the cornplcuem jvd heatacgenarty 
of this lethal diseasu.Thrlaaftwodocades hfaerart- 
nessed an evolution of shcrapcuho stryeeuifs aud 
an intense meeshgahou of ssoeei phermacnthexapy 
that resulted mirnpofthd luryev.al audquaesyot tke 
for patients with ^..11x1101.6. Unfotlmeotelymanu 
patients remain subophmellu tecater^htciinoe mony 
of these advances ЬаеепоеПееп ГаапаПкоП snЮаПп- 
ical pxactice use [4|....................................................

The goal of this shunter ss to provofe me mte- 
grated approach to the ueed.eal meavyehotenr nt 
dironic heart fatluradiefaSedCcywardssymptom con
trol, preventing progresseen al t уеаВееПаг dys- 
bnenon and nngarnong nmiecel (Table U_l). 
Standard medical demoycuaipterer One utaht of 
drugs: digitalis, dueat-anUng naesaMotoni
nenrohnmoral ffcm, and trnta-adaneq^ia 
receptor blockers. Gaadehaaes fAxmeeicae thcoann 
are linked to staging the severity of the heart failure

Table 3.1 Standard medical therapy of heart failure.

Class
Improve 
symptoms

Reversal of
LV remodeling

Improve 
survival

hghufa
—

+ 0 0

niureeisl + 0 0
eeiIor^oOdtone + + +

ACtiehihitots + + +
AMs + + +

VasuallylorI
Hydralazines + 0 +

nilraIaa
А-^|^1уС.^ + 0 0

Beta-blockers + + +

Itetrnees + 0 0

oa left ventr cclay ACE: angiotensin converting enzyme; 
hRar: angihfansin receptor booceei-s.

semm^mh apth angiotonsin-convertmg enzyme 
(ACf_ Г.уЮЫ-огз and beta-blockers as the corner- 
olones ot pSaamacological therapy. 

C)
Digitalis glycoscdeo
The АефааНа Investigation Group trial (DIG-trial) 
hef sheS fight on the 200-year-old controversy 
sutronnding the useof digoxin inOeadfailure 
[5|. Svsnral prior eyy,oa сШ trials aoh Gwo 
latgUy «nehUsawal studies PROVED (Phosphate 
Randomized Study of Ventricular Function and

21
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Na+-K+ Channel Na+-Ca2+ Channel
Figure 3.1 Sodium pump inhibition by 
Digoxin. The sodium pump is responsi
ble for the active (ATP consuming) 
transport of the monovalent cations 
Na+ and K+. The sodiumuialcium ohao 
nelnnehanges 3 Na+ ioncOoievety Cod 
ion during cellular depolariratien.
Digoxin inhibits the Na+-K+-ATPaae 
pump, whichiecreas eNthe intrace I lull a 
Na+ concentration thanintumnctlvates 
the Na Ca; ex< hangomechncIsm, 
whichleabstxan increacoiniirttapellut 
lar Ca2+ resulting in a posftivelnotaopic 
effect.

Efficacy of Digoxin) [6] and RADIANCE (Ran
domized Assessment of Digoxin and Inhibitors of 
Angiotensin-Converting Enzyme) [7], have demon
strated efficacy of figoxrn m the sytr^orna* 
treatment of systolic heart failure. Digoxin with
drawal has beet, con.mteeeds a-soctaeed wttttdfh- 
cal deterioration. When patients were randomly 
assigned to either errnhnne aohve digoxta therapy 
or to withdraw frorngWc therapy anti reeetye a 
match,ng placebo. 4t% ot pattern, tn We PROVED 
trial and 28% of patients in the RADIANCE trial 
who received placebs noted a eignffkana wasaeeee 
rng of heart fa,lore aympthms exrnpared with Vt* 
and 6%, respectively, m patients who continued to 
receive drgoxin. DeteatorWon naaotcotete hresnee- 
tnte of whether pahenatwesnrecnrurgbnnaetnnnX 
therapy with drurettes al%eoaPcuapttcs plan APE 
rnhWrlors .Recently 4ha Oaia horn PROVED mat 
RADIANCE were OaoaPerenaPpred eo detesmrnx 
whether Were was a rnathgnsh,pЬp_rwte„ tesam 
thgoxtn concentratihP terV tin,seal eWcres related 
to drgoxin in patients with „Engsotnchc Moan- 
Wcnlar dystunctiog [S]. it ye.es notad Odat Sloe han- 
efictal effects of dtaoxrnon common dtrnaal end 
pent. ” patients waWheatt teahaeaieae strndaa, 
aegaadlessofseanrnctixoxan efaoeaeraiaan.Alehgngh 
We withdrawal dcaas bebtatcdmtaoarofWe 
dang and cannot eCahhth taheay WtDiGWaa tee 
resolved these issars |5], Sn Vat ronnywithnxatly 
8000 randomized pattenK nnDNswYoak Heati 
Assoc,ahon (NYHA dav UnCHF. Wgtxm heat
men, had neither a ^naftaaPnoa tnpdпeАseplnpct 
on all-causp тоПаОпу ПЬаае_ war a s.gnffaeent 
decrease in deaths dna tn CHFhintn aontate—bah 
anerng trend toward an increase m deaths ascribed

to arrhythmias and acute myocayfyal infarction 
(MI). The DIG trial, like previous studies, found 
that digoxin therapy was associated with a 28% 
reAuhtiEn in patienta ntoptitp^ foe CHO (frnm 
32.5% to 25.1%, P< 0.001). This benefit tended 
7А bn prrpant p- patients wtW loresr pycDns tmv 
dons, hrvaannt^mn а.охПоотоорааЬу m et sevetz 
•™,,»..,,,. and hngC5 a.etOnath%p aahos ot 
nedRagaephy...............................................................

Ah mador Ja.eel p-achce grndehnex nnrd earn 
regvasaeepnaa^™dttmar hAiHil |K] for Aran 
fadarehas tacornmeadod Wgoxrn for paheafs who 
ctaha,pe fobe symptomjhic dosehe adeqnate 
h^mhhntwrtn™ ^CEltrh(bitoaa(hdo dianahc.

DpoDh tstm „00X0^ dee N.a/K -ATP.osa 
aa]0]ptFlporaM). eohetP rneaeaset Wt mtseohlnba 
sh<h^arhOO(alema0on hsttm Pantt nnhvates We 
No Ky eash^^e mepltaotsot, whiee kahr to an 
mttreoxemmteacellaOhCa [Or] .As0Det,op оРско 
A(actoanotdncnraenndrslNe40aЬeena]e^CTlЬen[lN. 
TPeseoE^raaN^ahasWem, deaeamt!„ap^,enttn^a 
Гог ol,adrpn a mo0■opt4Potdlity.e]W4nghahnolm nssO 
ep]DdeNete]]o™]re4,]fnahnadt(e„hrаrtlpae0ltol 
юпступЕХапт, nelpe,hostoo(tnSnnpctp |t Zllbare 
ehoete асИта dceaeatdiat’anmnosepanephrnao 
concentration [13], improved baroreceptor func- 
hanlaOPic pxld a WcaeatelntvoolaattadNaotv[eoNVty 
]S5W(rP«tNixaЫ,ldcilcnenetOntdoTP4r(ntd«tlopc 
effects t-netres^ rn pdp»oi]iv in at„ONh^CdTr 
aohc aonhachon to h Thete eTperoathot,ofmaa 
Лос^роМ bksa,, rtttaataae tVeappNc№ 
oTffgtthepn],holdCa4eoepar,tdtoxaataa„|eat^eates 
wDhatrkklhbaAЫloa. TdwevenO4eePnlпal Аffica[yde 
WaodtoшГh(ag™d^fna«aftPisct]aXa1eveNna].]П,,s 
controversy has been fueled recently by the finding 
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that digoxin potentiates the shortening of atrial effec
tive refractory period, and hence, its use may in fact 
facilitate short-term recurrences and predisposes 
toward furllierepis^hasogootriaPfibeiUitiosi [17)

Although dtrncal hitkn has firmly estabhshed a 
role for digoxin therapy m patients who have symp- 
toruatic CHF with erfurad vyO-Ec trnuhlou, debate 
Will continue co,,™. hu use ni patsenfs naif 
dtlated cardiomyoyalSiy and few cyntplontgand 
when ,t should be mohhted rnrcWUmh to htttah meb- 
,canons Further, hssie ,t drown a-nut oho doie ot 
drgoxrn rn the presanee hf dtaslahm Ppsfubctioh. ft 
has recently been atgnod dhaadsgb»,, ma- draot a 
potential benefit rn pabiaots wtth preseeyad Sdk vau
lt,cnlar systolic tunafumbagedon atnbjjapnpahaly- 
s,g of the DIG trial whsclr showed a similar reduct»» 
rn heart fa,lure hoapttabzafiooebhopinl nt meh 
patterns as was achlivvdmpatieyts»itOa e,ecfidn 
fraction less than 4b% [It], Whether sCutcre-tu-h 
would be conducted th ппУЬгуп, Utni cpeafia izaua ю 
nnhkely, and therefpae, tde спу.Впу^ nvah tin pae 
of digoxm may not rume-o-meith.

Diuretics
Salt and water retepfionaom prise the a om-ha Ви
тале of chronic heart failure. It results from the 
activation of neuroDormoniCsystem and although 
it ,s usually apparent hl-pUhs-cсle-^toom,,ll 
may be subchrncal hryven yhscytiEvetsw^yn three 
,s no evidence of firnh sattn0n»,-„a,оar mtaavas- 
cnlar volumes may be ааи*»^ With elev.atad hey- 
tricular filling pressures during physical activity. 
Иге predominant muppet ohdlnmyc Wihry-.e- as to 
reduce left ventncplaafilhng psсhhhreahdtehena 
congest,on as tUnstraleh Пу the FranPieStiirhb g curve 
,u Figure 3.2 (frompotnfAth B).Dmhiettes faae 
also been reported tn sui- rone ca-dlae petdyrtnauce 
a, res, and dunug epanite .POCtsg the упь-^,.  ̂
and to the left (Figure 3.2, new point D) [19,20]. 
Some of these hernodpnaurnc bepafios ate hWlp due 
to the release of vllsynsiatosyoroatс-ilan0snstl[il0 
secondary reduct,onmspdtem,cea(col™taoae. 
improvement rn ueuPohutnuo-aS cysthm aohmmlb 
ant vasodilatation -P I.C-]. A dccayaee » ihambee 
rad,ns results with ecdtoh»» at suPS anew «Артсе 
effect) and hence umpeovenrhn- шт-wcacdith c-e 
geudemands [19].Diuretsa-dnhueipid[lumeredds- 
tion also decreases secondary mitral regurgitation

Lhftventricular filling pressure (mmHg)

xigurm a.y hsank-Starling curve in normal subject and 
hearl fsi lane esdynts.

Ы rherebyinprovgu C3.2iaco—Sput [2cJ]. Thus, 
diuretics produce rapid hemo pynamic and clinical 
ydtjwrovemeifr da most symptomatic patients. Despite 
dhese nntial итртгуетсиСС] winch nrrp be spstained 
Ууьргг- chrnosc treatment | 24Pd,nretiei dhhhhot 
been subjected to „gytv-mh-nor-ammtУi ПиНе»»)) 
clinical endpoints. Of еоотеи itwopld тенЬкаир 
challenging to conduct ouch y t„el u- paficms with 
advanced and oven -soiirS faj-pss symptoms theme 
the need for diuresis is essential to alleviate the fluid 
“О"-^1"™. ...........................................................

m аа,и^ИкРЬи^,у a uausllymdtlareУ со-П тЯгии 
fiotm ^Fhahosih п,Ыка--^3-2. hg)i Hyoses^.-slh.- 
ci-ususeof dlumtlar-yraqussebssnce over-diuresis 
Pthiii bas lee^i reduct-op mtaimliie outputas 
sCepafient may nmve frymthe УП» labh,s„usoth0 
csccndrnp poelson tF-om-v о .Py hew-pointC-oft-a 
itarh-ih yusve. г^аеааюуЬптет ,y avvoiPi-ed 
wi-d Fuathei птуао-п ofthehebim^ai4i[ytmsm- 
ahibsteaone yystenta--Odlnu ертра-ЬеПи y-rvciua 
system, as well as with electrolyte imbalances, so it 
apmfarahle ft, cornbtnv flture рьспЬо ю*У ACuy 
тЫ-ееои m,m«t cats. Уро-с уаПете пмЬ rndd 
somdtonis,obtam ааУе-тш тсраот c-cf Ьурп, 
ACE inlr-tamt alose, but tbey ate Pm спссьс™- 
rnilsea iheim the rile, lie ayn^mpasthtspso.pИsc 
twhiitns with M bemie;u^ar dysSunefinn tieuallh 
tinh^h-s«q«lvedmrdt,Elhaciby...............................

Dioret^chcn^irise a grout eh CdEi claeaes [03- 
that act on different sites m the nephron (Figure 3.3,
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Figure 3.3 Sites of action of different 
diuretics on the nephron.

Table 3.2). Acetazolamide, l сагЬсЩ|ЩЩ8е 

inhibitor, acts on the proximal tubule. The loop 
diuretics consist of sulfonamide derivatives 
(ЬшпеиЛ taoTab^) )„A „«zoum  ̂
denvanvesfethaeryinKactl.toacts.Kielhel.prOx.mon 
the ascending loop of Henle, rnd one considered lo be 
most potent Mes.mdabam.de.aod meloe.™ 
act on the early a of the d o
tubule, and are „otfeftaddyidb.,0^, pfbl^tbd- 
sparing spnonohacmoet amelonde, andtnaniteraue 
are mildly potent and act on the late portion of the 
dnaltubuleandlnUieoUacdneaduul. . .

Thiazide dmrebcamcy besnffioianO ih pu.eots 
with mild symptoms and are preferable in hyper
tensive individuals, aetliey pr^de „one arolougcii 
blood pressure coutdil » deraft dime,» arr 
required most pabentseeith modomr--bnsaaeera 
symptoms 127! Beceiuseenbmbdunrina-drredaohe 
must be exceeded to obtain the desired effect, greater 
diuresis is best acl«eoed ho insmehiM nfeamaeunm 
of each dose. Dnedmi Omrs арр^-псГе ta
prolong the period ud n,ures,r.When ,l,n *110-2, 
to obtain and adeqoata deures,f„-,f the edtpl d.cda 
dose becomes h,gh «xprr bdOhe, of huioieunde), a 
useful strategy is to aarnbui . deuaebcoivifh MOree,, 
sites of action [28|. MoP-hec-me. Paeaure etierffec 
live even ,,, pabentiieeth ^—1^0 eouo m 
glomerular dhrabonrrte, ,softd„ - mpine аы- 
ting [29 and the cen.bidahieobJ[„8etMenoe^e obd 
a loop diuretic is the most effective approach to 
stabilizing refractory pavemtepOl.^vwral fs.tora

Table 3.2 Select diuretics in heart failure.

Agent
Initial 
dose (mg)

Recommended 
maximum dose (mg)

Oearodrlorofhiaz”de 25qd 50 qd
Matol2fone 2.5 qd 10bid
Oc^'roce 20qd 240 bid
Torsemide 10qd 200 qd
Bumwrhnide 0.5qd 10fd
rfirdnolaf2o.^f 25qd 100 bid

contriHateto Ле asprononct of diuretic 25sidtance, 
e ,Oh“"“ S“” ” “ "™У “ 1 m ? Pa,”,! 
with CHF [31]. Renal blood flow and glomerular 
ftaento mic are rcdeprh. tacteasaO nabrhen- 
aoheeue ddoejty ,pad«o1hb I.eat»edt«mpcd 
^^bso-otoeo oesodwainr. CHbp dmretecs tlooOtde 
Otslal neehron »„d sadmrn „П.сЬ rndaeis hyper- 
baaley ofthe t^ulao rfe, ЮегеЬу mcrehPlnd hen 
mabsortiUdd еаран у far eob,o„. Тац^ tOa-e 
d2hrre>r,„irnls msnlen, c irdflcвa,. о ahrftaae 
eorndea^^of aodmm r„dthrPrveldpme„r ae 
resistance to the natriuretic activity of diuretic
■ o .■•..■ ■•.°- .... . etc . .-T a ^u

d„g ifltpeПp1<ж. neod». ae mcmr№^1 aca- 
drUa„hmedfy у„В, „РкГо nnpan thc 
rlfaetro21dopdmremf, a0.daont„FШerhthp taaae 
rpurhtnce hlran«,enolo The coi„0maPdd of e loop 
PoUC eodd«azedr rrnm ^lddepo c s,anle^„Uu 
greater diuresis than doubling the doses of either
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alone. However, caution must be exercised to avoid 
severe electrolyte disturbances, and intermittent 
metolazone administration is preferred. The addi- 
„„„ of low des,» ofsnimnoWeteneHZ.fn-m.Otb 
a day) may also be S-tipful, even in padaMs isuan- 
rng ACE inhibitorsmkhouglifaremimonatooing of 

K ...............................................................„
Because of the ,„,pr)ss,ee reoultf pef flue ЛСП 

uuhubufor f„al and aba Acre toavhfd Irypotensuon 
and renal dysfunction while administering these 
agents, many physiciaBsere under-pliimogdsureff 
ucs. A noteworthy diutelic wtthdrrwalttialfeinon- 
strated that a large ruinbeu of hear. Uatihue gaffeiris 
require diurelic treatment,ssnU tOaerubrnruftonuh 
an ACE inhibitor is not usually sufficient [32].

torponam side effect- otdlrnatlyf Unmade deo- 
trolyte and metabolifqnitorniabftba.suahssUypouh- 
trenna, hypokalema, metabuPc btfaloriSitnorrased 
nrtc acid, hyperglycemss, ant msulm reafiacnc Tbr 
use of potassiuni-spaomg diuhescsnioi'bahulbmato 
reduce the seventy oS Ь^та Othss speoifcc 
side effects rndude oartabicPr offnaemnudu, and 
gynecomastia and ealactosrnc.rasoociatgd with 
spironolactone. det _

interest spnonolfcmna m the manaocoxecit ol
hear, fa,lnre las rernruid mtns the umcepbon of bPf 
Randomized Aldactone Evaluation Study (RALES), 
which showed 30%teUucflstn rn OhehukoUhaatUh 
33% reduction in hafditahzancfntreeitedtowouuan- 
mg hear, fa,lure andp.lmffi<hntl»tnchnementm 
hear, failure symptom. smaog -mt^B MaUnd ouutlu 
Aldactone 33]. Sp,r5nolahronehauЬceoshb„nlu 
attenuate the proceeu^fe^yhaaeilal SUrinas l3Ui3ah 
and induce a fayoraalefhmeablonsgO lespo„sc»,dt 
.rnproyad hear, га,пуа„аЫ,,у|33,361. Cnher coud- 
ies have also shown that spironolactone improves 
eiidothehal dysfnncauuei .nomasea utafe omOm Ыо^ 
Utityt and inlnbits utascuLrr_anglbtcntm l IA!/ 
angioteiism П (Al f «tueasison to pat,ana «iffi 
hear, failure, proy.dmgtPuSi irhnel„adaniu„ffnf 
,ts beneflcal .„pact on ourd.oyasotdar anotttibty 
137]. The role of аккзЯегопс anlagnrnsrn ouuf 1»- 
duer examined rn ра-Ьп.етЯтп hcarlS-llurf in Uhe 
Eplemnoiie Post-Acute Myps«deamor^c^c.n Hemo 
Fmlnre Efficacy au3 mifOfl -EPHESUS) -edu 
|38] Durrng a „eаaCoUdmunoflO etmufhs. sou 
useoteplereno„e,atolaalh•c-Uolrc-nnralMno,^rfh 
was associated with d intantt «1 reduulton ft tl* 
m total mortality (P = 0.008). The rate of the other 

primary end point, death from cardiovascular causes 
or hospitalization for cardюvpaaches rvenrs, woe 
reduced by eplerenone (relative risk 0.87, P = 0.002), 
afо,slfllscru^erfsuddsddeaЛfrohoаfd^feacmar 
(relative risk: 0.79, P = 0.03). The results of both 
P.fl uc ,31 urd teHE^O .3S| pound- run, 
ey,de5—efor Site addO,onOta„aPinrleаeueanff- 
Odmettoodlimal convent1onclthe7app,и patents 
wu0,CHF g„P redneed left vaumtorP» зЦзЛз 
function.

Dtaoot-anting vasodilator a
The rut^hnrla dm уроТПаИг therapy has evolved 
lsomlhesccoglntlon that card,ac performance 
could be modulateD br alCermctondmvconOitions. 
A«lslan.cslИyrfesaa,ctlhe,h^eetacBodrhaeshaen 
сотсут.!.,,,,! maos Slavs been oaund Ur ttsduce 
acu^e, ппЛ rn ernne ursa..1tmшlnd1 erb„dydah,c 
smprdVfmeot.Amnno ahenonrpart1tCcral и„«- 
scosdg uоfeddMrs. udSslyyemdlzmsa„d.l„^eleu 
have Ьeeasha™ depesmvrtyeffes, chmcaSe„d- 
pomlesHowehc semral oftssf uа«nSdoh,r.t рлсЬ au 
pracafm, omeomidi fkugqutnani epoртo^e1eal mid 
some calcium channel blockers have been found to 
lec "ismOrNi-1 s« eyoo in eaeerte dta

The best eyldencofora Uensfi-ud mIeptondr^fhS- 
actmg vasodilators comes from the Vasodilator-Heart 
Ss1lpaзTsSnt1VlHeFTS seud1es.ЗS,n01,wtdehlhowed 
SsuI ehdun,cffi™py «йЛ hndralarme nPUmn л U^au 
fid iroeorbidf fhOnu и oay mcreaomi aacsstsf 
Юlnrthoeo astd^olonged snre.val, dynrptnm and 
moccte „пргь™,ср1 «ат uUeast so yroatat radh 
„^.1141,01^ IdUmr cucM_^,af asstmated math 
beffeu ra™ua1l ^..H, lb itUthe tateo fmornn a nd iti 
РЬИ cdeeffea peodia of ACE m1m?,Mro. birncl- 
scidcovlsso0l1Mrs ШИПССЙ ргпшлйп tli d311-hto 
who mf„ec^nd,detes earACEmh,Ь1tdrsdr»hOdO 
doo tolimOi otnsm. NnrateSfmid PdOmt.fumeaoa nCtt 
reaeo^aЫe cdaMs to aUd tns palaeois wfin гетть 
osahSfUom.hn„Ы oo optm^alaheralll1„sehd,urte- 
les,^Chmhib,MSuld,dЬetf1.Ы^f1smsNaecemld,h.f 
а-ОргопА c ornd dosehSbлoзdpdn th «Игте p lor 
0nliralAmc It ffimOmO ffismsy 6» hnot mfina 
omШtЧt. aeurohoemnmat blaclaem wsufennd lo 
let Pt^n1aeslltаtmd ,mhsoo-s^rd,ea1a„os,gP.ft,caa 
-пепеаи, paftems midi ahnaaced РгпсГ fsalcaro 
inn. Tire rtnhy was term,uзt-n eoSy dso tn a ^0 
nificantly higher mortality rate m the placebo
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group than in the group given isosorbide dinitrate 
plus hydralazine (10.2C vepsuE 6.2%, P = 0.02). 
The results of this study does not however preclude 
the possibility of survivatbnnefit an EOUee ethnic 
groups. It nugbt totu been adeaf to compart tine 
combination to eoThventiunai iherapyfwhaoh by 
pmsent standard, mdudts an АСУ uiUrbitvr and a 
beta-blocker) for ad u«.eni. w-th Isteft fa,lune, 
regardless of race. Oecntn trnfryO rcyrngifttrou ar 
frequent an severe deasf fatten and is udaaibod- 
depeudent, hydtalaeine may tn) fyntcniarlb uoelul 
when regurgitation is substantial [42]. Nitrate toler
ance limits the efficacy ut ftoro agents. Huatf.eUe 
concomitant use odUpUfalaotue mnhpreoaneaeiert 
ance to the hemodyiiemioeffucashtebrateubysoay- 
engiug free oxygen pod,csle|43|. _

Calcium channel ЫосУееа bote foakd .a,ss antos- 
est to treat hear, fsohutr teteueeaaeosessebosh 
potent vasodtbtotsondaffectoe aotoahescarrho- 
yasonlar conditions. Cp»eueedthedsst;ye„utatepn 
calcium channel btekrrs, rncleding aStu .teatee 
pyridine mfedrplne,rhuneed-rappo-nbpotes„1as st 
patients with syrnpaomabo heoas Sadnte or sepaty 
left ventricular dyshunubon |Р«0].ТЬе taooodu 
generation dthydrcpynhoaeoryeae ^eatyd tobe of 
more value, and of all the calcium channel blockers, 
these drugs were the one ywcU ftuhieb lit pohend. 
wth heart failure. ЛткуГГрте гаПгсЬ vtrouardU 
exercise capacity, had a neutral effect on mortality 

a large morbidity and mondhtyfr,al lotoiec ae 
the Prospective Raddmmead Arnludipme Suteaval 
Evaluation (PRAISE) tcrat [h71.Tb.srhd o„utUpd 
1153 patients wall. oevese He HE slate SO aedlV 
bean failure and e,e^on Oraedons ofSeirtarr 3T%. 
Overall there wasne datUuseoeenamoreehayben™» 
the amlodipine and placebo-treated patients, estab- 
lisliing for the first time tbs rufttpnd a eaddum sdtn- 
nelblookeranpahenOtwaffi tnedS daluor. T„l1ntОd1no 
has Ingl,er select,v,tyeurЛe^lue>„„afhaePcorynasp 
vasculature than do ilia focfrp„vea1rm,p уНишь 
channel aaaaagoaaasfSt aodrt beaks the y-gahne 
inotropic properbee a-ro-takh tctrl, dilbaaeneunh 
verapamil. These btorastUEtlatt-aCo Tom-e. may 
explam its neutral а-РеЯ on adortydr4 rn boa total. 
An interesting fording, opr Chat the рИатЫс stoi
cally classified as haurvg „e„-,Sdre„ic e.rsdioanyo- 
pathy had 45% lowermoraaiatu ran атка-опее. 
However, lhas snrenoi danefit b.ai not baeiirapro- 
duced by the subsequent randomized PRAISE II

trial [48]. The neutral effects of amlodipine suggest 
safety and thus, make it possible to recommend 
amlodipine for the treatment of angina and hyper- 
Гппопр,1о pnast^ts «aahdedno-h o^eutrpn ЬтсПопа 
oprmpaonaaOie heasl faalvte.........................................
. Utlod,rtlnu^^am>dsbneaooОeiu-nd,amtplЫooУeal 
in the Vasodilator-Heart Failure Trial III (V-HeFT- 
-ns- exerted th wd-tmiemtoO addhtond „urUumd 
veedidmtrrtr effect m pohentf wdO treatt fclrtru 
iroeted oriabandapfit|Ьi,ValOeo„-o pessabie 1^ 
term benaSia was a Stead Рог heSirr rt-rocere tolesd 
to-u [otati Hnw^eta ao ruroval benefit was uotad 
with this agent.

^llld1ltuoll.l^ltl..Sh.e.m„,lJw.pli,p!lJ.da.ll-!,.el 

no Nognthoont Лея sit morbei-m es monUreyts, 
patients with moderate-to-severe heart failure m the 
Mor-ali'tyAssessmert in CHgTtiol (MACH-1 study) 
lop].lu bach altare was a bend for 1„™1 motlad 
,,y w,ffi mibefradil ev iho fort h тоаЛа la yabvias 
snthr oeeuciftpan fMotr е-у-ппРутое whewets 
saeoivmgamarfcoim.] „ h „

nreadwa atudief, Ideretere. bo noroitppnrt the 
^ОРПьГ ate,ydrlrp4S,Urue calc,n„altie4en[sa 
canrfr,hteefraВД>,d„[tesОav1„aУkchmealrespo„se 
aoACE тЬкаот bean бЯ-шс Nyeea1„e-dss.
pndodonnev eud fdorhpme eat, be упп. sefe^y ur 
pahetst. wtOt laaarl Caibura „ need Sun aeofЬer,„d,aa- 
ben sequ-nuyvasodlkCbon ae to gadanfr wills 
hypertension or valvular regurgitation.

Neurohыmora- nntagocieto
AOOi ehibito,s
The diseuwiry of ACE inhibitors has significantly 
altered the natural Nstouy of CHFoverlhepastgvo 
daaades. .ОТс v te, thcEse ofthtse agents stem from 
fiiefaftadct,,^^»., rnurn 4sЫuEi ernd nhher ntrnp-o 
oents onftdr™wuTepem.utPi» .aroeknatee 
трСНП U h «wotaar finttOuC t1tlsiUltor„ ere 
alCecbve ecev an ptttui„ts„bh_1soms,cr ornadating 
^even rnnthe.otonotdta.l51t. EUos -asoorOance as 
likely explained by the importance of the tissue 
reatonan^em, spstein the Mbibon of 
ЬгаРикаоеУаУертактоп. ont sasintnrh-oelcase ,,, 
pm.feprp.ehftoel. „ud eiadoaholiai edeare eh»» 
onada (Fague ЗА). АОО арОаЬРит dibibtt tie »n- 
varrron oa A! to АПерт t„e vosTUCtSTP by blvoTnp 
the.ACE ettoeme. dOep enhance the ,«1011.101 
kinms and augment kmin-mediated prostaglandm
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Figure 3.4 The effect of ACE inhibitors 
and ARBs on the renin-angiotensin sys
tem. ACE inhibitors by blocking ACE 
cause an increase in bradykinin, which 
results in an increase in nitric O4i The nd 
prostaglandins.

synthesis. ACE inhibitors decrease both preload and 
afterload, and improve cardiac functionwith signif
icant and sustained hemodynamic benefits [52].

ACE inhibitors l,nth bsea shownto .„pcove 
tolerance ovesapenvd EdmAror romovthu 

” Р“ ”,h ■”Vd-Vd„.t«ie,adr bean Eddvm 
53]. Chronic therapa baa hepn assoc,ared rath 

.„proved peripheexl vasotl.latao.t .todreobaoced 
tissue oxygen extraction [5d|. The Ee-ehr- o-mCE 
■nlnbnors also included „spooeesnsnt m eudotde- 
l,al fnncbon |55|, mplcchEt, rtf sardisc fibeoats 
[56]. reversal of ee„tr,eUlxrre„odeleif|57] a„T 
favorable effects onabfdnbryvaccfbereEeEts |PS].

The clinical benefits ol ACC mb*,tors ee tiyonp- 
toms and survival baft beau dernoucrtated see- 
eral trials in pattonio idrdt_oeverchearl_^arrtne 
(Cooperative New Scaiidinadian tdedapritOnA™»! 
Study, CONSENSUS) [59], mild-to-moderate heart 
failure (the origlua1 Captvprd Mvltlennder _Stbdy, 
Studies of Left Ventricular Dysfunction (SOLVD) 
treatment trial, and VHC,-И) [«ИЛ vmn 
chrome or post-Mf auympromotre daft vevteicular 
systolic dysfunction (SOoVD prevenfton tr.rl. 
Sure,val ancI Ventncuevt Ee^argement (SitVEHAFati 
Infarction Ramtpnl Efficacy tAlREMandottars) 
[62-^51 These resubs ondsc«e 0Е«-dCE rnffbirors 
should he used in aS pat,c„ted,lth lo„e)eeOod ftas- 
hons, regardless of отарк™. Vor ACE htibbitora 
are approved for heanШШa leaatme„e: cepfe,eпt| 
enalapril l,s,nop„libou„op„l, nbmapnl.and-s an- 
dolapril. It is recommended to up titrate dosage to 

achieve desirable clinical benefit (Table n2). ACT 
inhibitors were found to be more effectivemreduc- 
ing mortality in the NYHA class IV patients as 
ohteitlo CONSENSUS telrl .5V] wbif f vetseriefi 
morwfiiy fadoctioaof «05 tyntnooed to a*mor- 
rahryseauedon in hat -route-rari failure, №EHb 
Wd“ У- re0C"'d ■" sE« «CEVD peesendon tsial 
[60k. ThE„e^cЧ.margrfateetnltPaOeots„%t,0E 
ПОЕЛ MvEnmcrVariunbEbd -п-Поп ecS.S2|. 
PootsV erralyfis of tbeSO—VD a^aE;»
„eEt тьк Sts shown rira the -ffact rf ACE 
inhibitors on the risk of heart failure hospitalization 
was[etelndcьAft,cayCrl^erieevcliocrOdloe[VDe.Eup- 
tVrt „Ь [s reEurrEd to rlnadato . clbnic
dSllta»a7tt dl» Юке- ec1oocsrdrograplsysoV- 
sniac dcova^Ed скуусуЛпсЕ Shat ACE mhtbUom 
р^Ь EA^rechive asemash m l.«l vse „ou au 
„cs) .Ed volE„e [07l. ^«„1 dm--Dai bo 
elEEcaU - rdEffAtotbeir fworaAifEA^psc,
oe Are remcdvlmg Arocerr.Ьawroar. Лесе [тttehO1 
mao.Se affeEucted »Eh cdbconEmnt ааттиаае- 
rioti 1-1 as„inE [6p,59]. tPneA.„l Are adtiAoo ssS 
е-ртЕ V ACE rnhdtiM,tr -mo Seda noted to Oa 
associated with increased heart failure hospitahza- 
Aon raKr m tho p)oseulle bf a afcHE-ES
negative interaction between these agents [70].

[A- preaeirn™ use ofMt y,„lЬTdrslo balmms 
at high risk of cardiovascular events has been well 
iЛu))eateh in .Не HeahrO).rsor.lEaIrrevetltion preU- 
asjrlHOVBe. [The wUe^.thr o-o o0yam-pf-1
was associated with a relative risk reduction of 22% 
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(P < 0.001) in the combined primary endpoint of 
cardiovascular deatii, non-fatT Ryocardial infarct 
and non-fatal stroke. The results of European trial 
On reductton of c-dino 000.1. ««taMofril ■■, 
„able coronary аПаш d,accrue (EUROPA) study 

„nd, rnanonrd,»,,!, -he rernlts.oS 
HOPE, and exteudeOlhe ndnnnnbdtrdn rfpedrndo- 
prd to a wider popol.atror, »,l- coronary artiro hip 
ease [72]. Treatment with permdopril was associated 
with 20% relative risk Eddnibou fE= ..«-0)» 
the prmrary endpoint of cwEt».»^ deeth, MI 
and cardiac arrest. However, such a vasculoprotec- 
live effect has not barn s2b%taMia°d 1 the • „

Inhibition (PEACE) Trial, where the addition of 
trandolapril, in patkutp will, stable coponaev ha.nui 
disease and presernedkfl dpiitantnlhe tnntbon.to 
current standard theeap- d,d no, confer Sm-hnd 

benefitterms ofdaabniom carbtovarpnLar aansas, 
MI, or coronary renaapdlprinilion ОПП]. f

The absolute “пиГапгпЬ.саЬопп l„ 0м nd 
of ACE inhibitors rnddAtpemncE hyp™- 
„„ty or 1.fe-threathini-g cnapnanrrn., acuta renat 
failure, and hyperkalemia (ser-nr PS greafer linn 
5.5„mol/E). Modsrooe hqpeekaknne di renal 

insufficiency with scrum -neatn-sna conqenirelionp 
up to 3.0mg/dl mandates the need for careful 
monitoring and s- 0 gn/dnde the p° af r
inhibitors. ACE inhibitors are not recommended 

patients »■th srnpsducutOdwiral reutd aeferf 
stenosis. There is о bO-OWO nrciEunce oS '■ 
intolerance rnamfeslrd by • . Stg^sap.

azotemia, dycnsona. btsohki angincdcina. ot 
agranulocytosis.

ACE inhibitors can gg —0 wdPonldiffirdhy 
,,, „„a pat,cuts (Tagtr3.eZ,al0orslgn Поеиасааюпад 
acute drop m blood pressure or occurrence of renal 
dysfnncbon or c. g. n :?. Ьисцр

administration „«ЬеооиГиРтопПоппо. оттаем 
higher risk for these adverse effects are those with 
low baseline blood d— P— loos
han lOOnimHg), dlOayasaniarbeh]meded^et„-l 

hyponatremia (aernrn Na fess-han rpSmmoMp), 
basehne К more that 5.e,„„„10L,gndd,aOИes.ld 
and, patiena. an mitiqlcnptoo„ldnse ph 6.25„g 
may be admm.aferrO.aito Otte dloo0 pres anas 
should be observe0,l—2b aheо 0-е Ппгг.Ь, orb
patients the nubal dnreoaan te degger(eap oprtl 
12.5 mg tid or enalapril 2.5 mg bid). Telephone

Table 3.3 Select ACE inhibitors in heart failure.

Agent
Initial
dose (mg)

Target 
dose (mg)

Recommended 
maximum dose (mg)

areto|riil E.25tid 50tid 10Otid
LOid^H 5hd 20qd 40 qd
rnalnpiil (■rbid 1°bid iiObW
Ramipril Sqd 10qd 20 qd
QuinaPril 5qd 20qd 45 qd
Т^пСЫе.0 1-^d 4qd Oqd

(о»11)'1.- to determing whether symptoms of 
ndisotinslnn have occurred is advisable and renal 

a-d К should be reassessed wdhtu a 
Etenk TSte noses shdul- he road-ally ОИОеП to arps 
ир„100ь^8 od or nmobpnr -ntr bid cctnkiarad, 
„er d ГЫ pa-mt htb m-nsoned at lowcr dnsoner. 
Al-bonglr АСЕ inhtbifha usuie ip lsrcaсеEOEandEс 
e„„rrgp„mas-careohyshn.roa |gn„odsidorrciano 
Pc^sesiEe doAis weh below tbooesbnwntobe offed- 
beam ЕипсаНпак. Tl-euo „oen.ce, to -a dabaPs 
7U the optrnral ACOrnhiOttor born On borrsec. T0b 
nssensmrntoCTseaИlP„trodh-lЯl„prllid„Susnnlal 
lAmmon .ршГу cempiercd. dte effecte nif c-d 
O)1^C"n> »O ^(32.1-03,00,1 donerng g.-ro- 
a„l nnrnoArstoy oodno>na-fy „Оаот paiihuts 
with NYHA class II—IV heart failure [74]. Although 
Л- IInlCausa rnortahtywoo similar in both Uoo 
pdEupaa the cornbrnad -nt o-ioi crt ertbilaOry nod 
worsening heart failure favored the use of a high 
.|l.ICrl.ltPlel.lP.l;... Incadtlgabon of tde taTLsaO 
рОгИРьо das rdowo thсttheh,cn bon EasissoaГl 
afeb wt-d a eeOuchh-,n veocniar red oapЪydnldn 
™Ms, ad taePrsM,enarns fcu vnnt„culalrremodehng 
which could have accounted for the decrease m 
dnat- op0sns-hahaadion eotasl io Л- hlghrdcd0 
group i7d] A C.....P! siuddiShpraaSeoieneg vmsiiddir 
hsnie ШаПШ о»»™ cnсnger dd Iscari rallnre 
dali„B d„ соток hsin-nrA tbesapy h-s sb-wii 
Sites -asi-liis ACO mb.bmonwas slomnaa„t1У 
reduced, suggesting gradual reactivation of vascular 
ACEn- CWF oveo Smis l-bl. ТЫ] ге^П-оПти 
process was suppressed by increasing the dose of the 
AOE тЫЬк-п И in ю„рШсс1 .Eat ACE inhibitor 
therapy m most patients with CHF can be sue- 
ediSnOy rifraaed toa-d malnlinnc- « diimb doses, 
and that more aggressive use of these agents is 
waited.
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Angiotensin receptor blockers
These agents block the cell surface receptor for All 
at the tissue level (Table 3.4) and therefore, they 
block the effecps of AHproduesdnrncnlythrobgh 
the classical ACE p.athesaygun elre bp the chyrnase 
pathway [77]. Since some ottOe eiAe ehffety of ACIE 
mbthttote sod, ateckgh esth sogmidpmaace 
bradykinin related, hecyagmBarebetttr tolerated 
than ACE mhibitopo wtth fewer s,dc effmts trnse 
they are no, assoc,aled w,th bradykmen celaase. „

Ang.otens.nreoerntrbkickdrhlAl^lheee similar 
beneficial hemodynamic effects to ACE inhibitors in 
reducing preload, aftriohii .andenccoasrng aasdlac 
output whtle imprccing, edercase perfriacartee 
[78,79]. However, ACEmhabstoraremau, the dier- 
apy of choice for ah keelroUbfiett Mttaeiotd tiff 
ventricular dysfunction. Currently, there are no data 
to support using ASoBs as toa-ltoe aspens emhpe xn 
patients who are intolerant SeACBmhfbrtAre (nas
ally due to angioedemat rasher or rntdlerable aargh..

There is no evidence that ARBs produce less renal 
dysfunction than ACEiuhibStoon. The РгоГШУ1» 
of Losartanpn the EldeHe ELS,BEtrtuUuch„inared 
losanan and oaptoprdmdderiypatwmcwuO OarB 
Mure No significant d.hcreuces wire oSsai-set te 
the primary end poinfincdeuca of „10111^ 
hon (Ю.5%).betwee„theh,sigrAous [UOl.Bvyteeei. 
the secondary mor teStla eeid point demoitsfeted kse 
all-canre monahtyin ahrtanob ,,„.41(4.-% 
versus 8.7%, f = 0,0ah)i T5%e mteteStmnrut™l 
benefits, however, .ssre„y1na[,loUyaesi tu -bo pehn 
sequent ELITE П (the &aivat,o„ of LbrtiBah in fits 
Elderly II) trial, a larger clinical trial that showed

•%•no significant dittekncea in sea pairnatp «крота 
all-cause mortality, between the two groups [81].

ARBs have e beioeable Ptafik on nvosWdity 
mcluding deerearmhaitathtoms^antt horp1Mhzat1n„s 
wink improving qualih'of Me. syea.rn ftabson. 
and NYHA functional Eass....................................

Whether a more bsmoktebAceoidhofUtiparrne 
ACE, by confirming ACE miubhhrs and ARBg ft e 
more effective therapeutic strategy has been studied 
recently by several pTa .seN'!! „и.иС, BruNeerl 
nanon of Strateg.ee emJkftVmnhdtdrDooSSmiAoh 
(RESOEVD) pfiot sthVy,eun,varsV ueadcsartan. 
enalapril, and there eombniafion rnCHh [82|, 
AMiongb the conibmitfidn^tlreaspy IraO afaoorabk 
effect on ventricular rsnmdrD.g, Utt „ca.aui,,! 
ferences were noted in exercise, functional class, or

Table 3.4 Select ARBs in heart failure.

Initial Target Recommended 
Agent dose (mg) dose (mg) maximum dose (mg) 
— 
aptruee l5qd 50qd 100qd
Canda-saarm Stqd 32qd 32qd
Valsartan 80qd 160qd 320qd

a. tia..ty rum li'fe. A secvadRKOLVD pilot study qvalu- 
atrd tha addition of long-acting metoprolol to 
enaeaprit and candesartan [83] with the main objec- 
Be Sr, aeetarntme tderebRhg oeeCevslaanEErohfrr 
mohal bttahtade wttte theoombmaadn of an ACE 
lhhsbbnSl Adi mte-BOT ЫookarodOЬetOrЫefkrt. 
Agii,la,a1>dsbcra,cesmesIrrelhuhdnoelrnalcLele,or 
риаМу AfpMiiwere „„УвО brfaceo airy teS ties 1^ 
loot eiginbonit mppresemenf C left ue„t„ru)ah ppaa- 
Athn tarndna^arnl altrniaabanotremodeenp hadta 
Orenter dceuease of АЛевУ tony к»У nonnyted 
whaBmamaroMwraLdded _ ,

, •ll.c rceahsof the VsOamtny Hrnot ftedate hiiat, 
yrelcrgert Aii ^egant er topo-sst Snab rn dmokP a 
1а|Р ssa.faOeh rf vaispBru on aiefwuse oroBal.ty 
wOru ahUpd hnACE ,nhlP.,apttherepL|84 . РоВОнг 
kima Lsr^vsh fiotira tag-roop apciutynsd.onkd 
that tbe adOitrnn of Valentes, tt to АСЕ ш1ьЬуь.г 
aad,s, Outoehl^er ,ЬamOoO1O.LeaposeaAtbtt.» s 
Я[!8,08на1 iiaeaease pa упогОрМа. Otrehrnneanratui 
mraiagt amend a hoLe eoncoru auggrtfiua Shat 
axtenaiue bkekade fl the rr„„,-yag,vtent„t hdrleht 
mey,neacaЬalИhairett,ctaL.adЬeoef,01a„ t y

The impact of candesartan, a recently Food and 
efeuo Ad„iak™ii,1t aagAA) epptove<t s^ub eu 
moehstllth,and птвЛеут patients wBhbsaB 
Ьsause1taseea^aluаAed,ui:ScLaesatbtnio Heart 
aadaB As8era,™t of Kedo^n in MertaFhy enf 
Morbrihy, ОСиАВМУ [851. „НЛИУ co„p„seU 
Шаге 1saraUaldщotogtr1ah.prt,ed^s wpeb loft eem 
tspcalrpdosetllMo„anamMlerauUvACttmVda,ton 
(CHARM-Alternative) [86], patients with left ven
tricular dysfunctimo t^lt^ng HACE inhibitors 
(SfHAdJa^d) tavaoaO„..••.,1. a.d d •„■ • ■ t 
soft vedmaoteo funaЮc,kft_fdeh,„OА^ar epeefiou 
fraction exceeding 40% (CHARM-Preserved) [88]. 
The 1lrmlast' oukomeoffhe Roornfi .rteptbo »aa 
on-cohoi nsotkMy. -nd far at the component h^tala 
was cardiovascular death or hospital admission for 
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CHF. Overall, candesartan was well tolerated and 
significantly reduced aIC-causemortality (adjusted 
hazard ratio: 0.90, P = 0.032) [85]. The primary 
outcome was signitanflo induced hr sad. of wise 
CHADM-Altemativa |86] (trusted hazard „Uon 
0.70, PC 0.0001) ynd CHAIi.U] .-dl.e- [87m 
(adjusted hazard rota PPSV = 0.(1) .rial. with 
moderate nmpaet rrthe CHAOSMsPveserved kind 
[88] (adjusted hazard ratio: 0.86, P = 0.051).

A recent meta-anaiyaia eshiZ net aon.Srn, tha, 
AKBs are super.or m reducing aU-eaus) „„rtalrty he 
heart fa,lure hosprtahtalarnrn pahauin writisyrnp- 
tomatic heart failure when compared to ACE 
inhibitor.Ц») TheAeaBe.ACiimlnrbtansfflhremha, 
the therapy of d„ea. Furthne.trep rna,ar rhube. 
were designed to addmsr Use ,ssne whehrer loseclau 
,,, the Optimal Tr.a-rn Муос^пЬггПОА With 
Angiolensin II Adlsgornar Losailas (OmMAlJ 
study [901 or val.aoSh.mthee40.ceri,h In Aeuie 
Myocardial tabtcnon (VOL-AdlT) study Mil ah 
considered to be >4,™ or any gooh as tdo stovas 
ACE mhrbnor oapioerd in rntpsoasg sosvnval m 
high-risk post-MI ранам.. )a thy OPTiMAV stohN 
|90],Lc<sartan was adOinrrandydeb^eoeLlesaitedrlao, 
caplopr,!. with fewer pahenOs dracemmurng (lady 
rned.cahonHoweveathnoi.kLgntipmta.ieyrsnoy.ns 
total mortality m favor of captopril was noted (rela- 
1,re risk: 1.13 P.n.Oo) .ogewidoe Lar) ACE 
inhibitors should remain first-choice treatment in 
patients after commoicuted ayu1e Mi anta k -0c 
patient ,s ACE mtotganni lhei. ks.inm nngbl ht 
considered as a sabnoinba. УаЬаеГап woo dsuod ns ba 
equally effect,ve as a.aptopsii ,n teOpcnu air-career 
mortality (hazard ratio: 1.00, P = 0.98) m the 
VAUANT study [..g Enn,Emms <.«. whh 
captopril .„creased the rate 1 ..Oumaacntt outh- 
out improving ™ . VALSASZk adhad rnotOrr 
evidence that ACE inhibitors should be considered 
as first-line therapy for such patiunys.

Beta-adrenergiEreceptorblockers
Beta-blockers consSiFuSо a ngeomismy dswaesyua 
for the treatment of CHF. The increased sympa
thetic activity notedinCHF playsag importapt 
role ,u the progression oU the cardios duaUmctiop 
and correlates with ahvensw ok de оутЬ-сте [9S|. 
Such act.rated аскта].. rtspone e a^aesL 
with down-regulation of beta-adrenergic receptors, 

myocyte apoptosis, augmented renin release, and 
increased arrhythmias [93-96].

Three generations of p-blockers are available 
(Fteure ESS. Hrsberueaetnnr yteeuls .ata oom 
sslealivs aMagdn,s)(]r.e., eirey bheahdoth 01-and 
^тиетс ^рюга). Second-genrysbeu ^e„e 
any eckctoie h^fts. Thrsd-geueref.ut, ageuis .— 
а^кска- and sUeer pauao ateOkary peophrtCFO 
Cfhr a aasedilation. Cannddcd Iran mudrn.sfe aOudo- 
adrenergic receptor antagonist effect and moderate 
iranoddaein0 aSfect. .Е?.. ВиоткоМ has a wis— 
ft plM-ad™g,crгоeulosa1,HgolnatanfMaa<i)mlh 
vas]atnn1armgen«sleh|.grttUsargtn,k,nynstdocnll 
Uoiollowen cardiac „naepmdgЬrg1e rp.ll oier whh- 
—s onusinpy^regybitod snfthe gato-aacaglata 
[99,100]. By contrast, metoprolol has been shown 
to ba aronplafed wills upaT.nbtrrm cngahe tachs 
raj. weihout significant otOael -n cerataag noi- 
4™^!.™ taWOl], A unique far—tna of 1„гУг1о1 
w is. рго-юпу! евп^еосп^ ati no риукоопу 
С-РОООИр hhsdtion itnor. Theou-toxtOmt —-lii 
и. a( c—vadlol e ар—еутуапе] 10hme.grq[tei 
Ю-e, thi]] of nitonnu -S ft also aeeninft lank-cyta 
adlle-!ontosmтсdlnlotsleeeУЬland-lao-ectraga99el 
r—ntse oyugen speFl1s-ladnaad danlaye ПЗП 
W9oЛhSSi-hE phar„syFoesala dafeioup trantac 
1.110 hafiiEencey n,aenicaУ ontoottta a yet to Se 
dy-^eSt MlUphn nieaiuiuisms of synun orЬdUr- 
Ыоскик 1—сп tan ЬетпетЬ m,sh,y,hg imoathaf.a 
0,010-ilaSdiu.n^a^sa- ttl ra„inrieh„Si miproouS hota- 
-eynptor pathwy fEnara,|nroC[at)yn dfa.elon)0ll 
hsmshrngascd r^.eodapalEhn^1SOeg.(Esi]ndonasr—] 
beH—1“™ '1'": dad' sbo—1 so reverie protein 
kruc— A hypos pltospynardytinh tsC iUo -noшЛee 
тaо„tor^SyR0U heyeakn1meekd[uredsayoУ osam 
cm on She raes^laomia oroauirsit wiucO is ге,и„е0 
tor «at—to" rnouoasn,, ecunh„g_ [yhori S-aao 
r^susnuc atmon otnarraecntilarai ahaelpad 
may n(aоeo) toe g—ictoomens h0kOtv]mialhulap 
rcrnoddnoa and midi rn peat aoykuo fha „0010]^ 
aaohiar fadetun ohssaueg1n ts—ei fonluai gar.aufr 
f^^^hbeta-admsiaryseveyaplhs binaheat gOO] 
In addition to the favorable effects on myocardial 
funcrnu a„d struadimr0 fti- h«oospl rnrf.amsms 
fhroo^^n^e ta-hiaclE1,oaheMsfadhey„„nЛrn 
One— mveino ftar —tkrEahrd ao0-eer„so0moc ani 
asus-u^c sempinn^ l-Shi. in.auntrani to UCE 
пЛ-ЬИРГУа -a—.-Ыо"^ аоеп^а,Ьеуе_го]иЕИаПа| 
lowered the sudden death rate m heart failure trials,
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Third generation

First generation

Figure 3.5 Beta-adrenergic receptor Nnoogouistc.

CNliprololiacebutolol, 
with vterod,nebipolol

Bucmdolol 
carvedilol

Propranolol, timolol, pindolol.nadolol, sotalol, 
oxyprenolpl, penbutolol, carteoloX

Atenolol, bisoprolol, metoprolol, 
betaxolol, talinolol

Second generat ion

which suggests an FnlnerAythmid cnntcibutionto 
mortality reduction.

The use of beta-blockers in CHF, although coun- 
urintuidve, is »« new Howe^ ony -chenha 
have trials provided evidence of clinical benefit. 
ExperiencewiththsmbiglilydiOe^aageotslissncc, 
shown that chrome thenapicoiwistentlyuiiprovH left 
ventricular fnnohon, as asse^td Prythe qeiOon heic- 
fton and prevents Exopceinonand hosprtrtakdoni 
I11M12I. Several thod» 1»Уе..да«1 that tont- 
hlockade maybe moiee-Prudee rnpanemt wfthttpn- 
tschemtc oard.ornyypathy [111,1021 ho, ft irte not 
been a consistenthnhmg|12d|. f

Seven „ortahtybenalaevalumedtOriinpaet of 
second- and tlnrd-genaeanoc Пта^кеп „„ 
padents with chrome hearO Mun, (Ta01i3ih„. No 
mortality beneht was. „okd nrtd, metoprolol pt 
Metoprolol in DilaieO Cardihioyopcldy . IMDC) 

11111,bisoprololin Caifhtcrpshffictoiipphisopeolol 
Studies (CIBIS I) [112], carvedilol m the 
■Australia-New ZealonPOpfANZn [lldti or hunn- 
dolol m Beta-blodceiEsenoaPton of euruweldnl 
(BEST) |114|. Howiven aigmficant mdnolim, rn 
all-cause mortality aps aupcated wzld metaprolaZ 
CR/XL the MEOiieeokilCd/XO кРтЕотиеО 
Intervention Trial m Heart Failure (MERIT-HF) 
[115], bisoprolol in “Cardiac Insufficient-1 feisoprol о I 
Studies II” (CIBIS HlttUtl.m11, caiwedrlolinOoth, 
the -Un, ted States < ..™!1о!п1|1,1..1Ир.,1 H„i sotem,' 
[110] and the Carvedilol Prospective Randomized 

Cumulative Survival Trial” (COPERNICUS) [117]. 
Several meta-analyses of beta-blocker trials have 
conclusively shown that beta-blocker use is asso- 
eoffed euithh couslrluatMe* lednclmn in naorrO- 
tty eiCi reduction t dosa,1eh^nflo„1 and it* 
reyuoliontosuMep heads rn к« «йУ ebepyrne 
heoee eatluie [f fS.tte,. d that eohrnaled that „1 
panems wnuM need to he tiouteP fe hVhut one 
Pmiu [ieif.

a git „otpfo wtqsuasm (ofd tPtpe d^ are u.
hie it ofenmtrng propiese.do uyn,films and leP 
«„10100^ eomodehPlem inoderate-to-seyere heart 
fastuie.The^en Ло emden.» ihot thutt Ьe„оdctоl 
ef1eeter1eоalohетt dirnng rit^y tndd heart.fadure 
|f2ll. PatltnfomthPeeompdntamOheaftfallaroor 
volume overload, howeierihienot tondvdaieti its 
eerty ilaNtutroMnifffeeiiuem. КиаЬоткегИп 
whelOei till otaa-liloeEeptpfyddee litomaoiibte 
effdee1. WheaNor ooo ^aitic „претт rd1nameto 
haIe^eommePJh,i comioireo„haobet„ ind.tan- 
oath advimed by d» mscls of The Caoueitfo co 
Metoprolol European Study (COMET) [122], a 
Eш•opeaotrial thaIcomparedaU-eonsemortahty 
betweon eurpedtlol „к „m.iolol ohq id-yeon 
„ericd. Caeced^l reinooC aoartahoy by 17% token 
cornoureP weth „геЮргоЫ fP = d emiet. mowcior. 
qtоettonohaeoЬee„ rar-id eUx-nt Ope mie1ormatlon 
lO ЛпоШшр oncolhr dtil e^oee mH piietOe 
meЮEГОeetнm^oPomrelC1a^erorhmЬtoon tOet wat 
shown to prolong survivalm MERIT-HF [115].
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Table 3.5 Mortality trials of beta-blockers.

Trial Beta-blocker NYHA Mortality risk reduction P-value

MDC(1993) iee3op rnkrl li-b/(ribitedcai'diomyopathy) 9% NS
MERIT-HF (1999) Metoprolol CR/XL ll-IV 35% 0.0062
CIBIS-I(1994) Bisoprolol lll-B/ 20% NS
CIBIS-II (1999) Bisoprolol lll-IV 34% <0.0001
ANZ Carv993lol lleHpachemiccardiomyoVadhyr ^8% NS
US Carvedilol (1996) Rarvedilol ll-IV 65% <0.001
COPERNICUS (2001) Carvvciilol Bis 35% 0.0014
BEST (2001) Bucindolol ll^-lV 10% NS

NS: not significant; NYHA:NtwYeikH96rt Association.

The benefits of beta-blockers are seen in patients 
already receiving ACE mhibi'torst suggAstinw tlrat 
combined blockade of two neurohormonal systems 
(гепт-апрйеп.т ,yTh„,ae,nlfyso.ab,ta-;„erkoU, 
system) can produce adilree .ЛП,.. _ll.e CAI>1U- 
CORN study examnutmblnadbmoraof oarvwdtlolto 
background ACE rnbibino- nherapyin paUemtswtdl, 
post-mfarction left ventricular systolic dysfunction 
1123]. Significant ndoaNdns m Л-сауртсиайу 
(23%, P = 0.031), cardiovascular mortality (25%, 
p = 0.024), and „СП-ratal MI Г4Р*,С = Р.04Г) were 
noted the carvedrtoV grsnp compared Jo plycebo 
providing thus, additvoiial b„efii to ACE rnb-brtor 
background therapy. Howerer, exransiveblocfadeoe 
mnlfiple neurohormpnidl aythrne v pafientr pcrh 
hear, failure could br delegenons adta m-deneC 
horn the subgroup -nanyipoead he VnbatPrn Hrnet 
Failure Trial (Val-HeFT) where a significant increase 
in mortality was nml-d in the rubornbp deal perm 
receiving valsartan ni amdtttpn Sb both b-ea-blocUcrt 
and ACE inhibitors IMdMeedeer abett-blrekeo u 
superior to an ACE inhvmito- it ye, -c be dederrnnted 
The Carvedilol and АСЕ-гиПсе-Пог -ynnddnhginitU 
hear, failure eealnafion ACABMENl trndevaluaetd 
theneedforcombrnulfi^eumruneComEiriodeltUEanye 
order of шtroductlo-byl-InparlngynaOolrllliyemsl 
carved, Inland the, t ср-пСспсОо» ЩНЫгУСусоПм 
nlar eud-systohe vdlnneeandeu „ап ^епЕс-пСрУу 
Sdnahn, (Р = 0 0П151 in УумрогоГуопуПпиП-е, 
therapy compared r- eimlara „УСАеО11ГПС„е- the 
firs, study to demooc-rate eha, ctrly oomOamadon of 
ACE- and carveVilol smnafiy0 eevrt.es -V 
remodekng m pafienfe -lab, rhVd--rcmLrCpey-e CHF 
suggesting thus, the ueedtod early —ми otd-ta- 
blockade.

Table 3.6 Select beta-blockers in heart failure.

Api^e r
Initial
c/ete (mgb

Target
do.6 (T-1-/

Recommended 
maximum 
cleoe/mgS

М1руГО1о1 12.5 bid 100bid 100 bid
МУАРУПУ OV.Cqd 200qd 200 qd

CfdOL
BisoTfolol 1 .It bid 5qd (<85kg) 20 qd

CVrcdC>8V2:g)
Ce rn-die^l Wite5b id CV bid (<85kgq 25 bid 0va5kg)

XL bid (>80kg) 50 bid (>80kg)

ids rhn wee of beta-blockers in heart failure 
expands, caution must be exercised and hence, sev- 
erel p<hna-aС1ndt be emphasized. First, these agents 
dan-td be adtmmsteood А «able pafiems an koe 
-bsenee dl - orУhe„onussahncсol„bРO„,re■ 
S-co„d, ehb p-iiial d-c^пp,LlllmvSOЬ. small -Mild 
e.P . ytundr e-%or ausc of tic- dmlini t 
aedo, but „any of -been pafiedls -et, Ее АгсМу 
tfiraled cp aer^ ^dly. Р rfieo-s tre-a ecetm 
-bii-temr pi,deleva6rd dldug раеншсс . nsetcl 
strategy is to increase the diuretic dosage at the time 
of mietpIimg beta-blockers.

Sugdennc-d app-teach Uothe 
phurma-:yloglp nherapy of 
congestive heart failure secondary 
to syrtolic dystuncestei
The re verity or he artfad ure symptomsisthe d ri vitig 
force for -electog sheappropriatepearmafylogic 
approaeu(uy;^re 3.6)tor thehmeaSmeytof CHFomd

eevrt.es
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R9ure 3.6 Suggested approach to treat
ment of congestive heart failure.

left ventricular dysfunction, based on published 
guidelines [125].

Asymptomatic loft eenCulardd, 

dysfunction _d|5
The recognition of benefits of neurohormonal 
mtagooists io the earlyasympfomahc «aft of hnan 
failure has revolutionized the philosophy of heart 
Га,lure therapy that bar eogleth han, symptom 
treatment to prevemiorratrategy. Hence, the onpou- 
tance of early deteotmn yfhetlyevrtnculra УуаОаес- 
tton rnth the ultimate goal a prevent tnrvher 
deterioration „ left etotnculOu ftmelnmhet^nt iho 
appearance of hearthulerre syntpPeniS. hthrn eoen 
suggested that nenruhumoral .ret,vat,on pmredet 
the development оУуупаиептг.Л patt-ftac arndysio 
of the SOLVD trial ПааеГеоеги Urat 01™^™ 
norepinephrine lewis in pat,rets evlh asmupto- 
rnahc left eenmcultrdpifunuhontpunar topruO.ct 
all-cause and card,uoarcnSar „оПаГтгеапП dewl- 
oprnent of dm,cal ueynit ralattd to lhe onsat ot 
hear, fa,lure or acoft echt™ eanrhreeу^n[tUtaU 
Plasma norepnrephrme Р™^, ЛптегЬо ou 
393 pg/nrh were asunmyttd un,,C a ^eeahor task rf 
2.59 (P = 0.002) for all-cause mortality and 1.88 
(P = 0.002) for devee^mrnu rif fallom. ft mts
also been shown that cothnory enrotheM taction 
is abnormal in patients w,t ha syrnptoinahc left van- 
tricular dysfunction highlighting thus, the potential 

importance of the endothelium in men earlydevel- 
opment of heart failure [127].

In patients who are identified as having left ventric- 
ulut eyatoliu dyyft,„ttfon (4^0» tattatrfleni 
than33—40%) mtantnhnunomsitapmwdther- 
aPy.,s an ACE ‘"h,b,,“' паРугЬ Wonkl Ьспп^П 
m.dlsuchmd™duah.ThretuhenyaltnrletSAVEjl^^l. 
AIRE [64], and Trandolapril Cardiac Evaluation 
leRunEl [U2eПrave .^„Гу indiwleb tat in MI 
ruton™ »nh asymplomehclen puntnanhii drn- 
rundlon,ACnmhlbAtoR use 4hsbren assorprUed wide 
19-27% reduction m all-cause mortality and 22-29% 
redutlsoamm ta dewlnprnent of Ь-рП eatfote..

e Dte, from t^ pud-Mubefodrlhrioet hetsi taw 
alnn Shgfpeed tat taednse ytuountarnsy Прпу_оп 
to,ul>sta„t nokrn sodtetamefts rstydl Aaomldte,c 
mtsdytesrf OкЖEsшnyeterno»yUuattм,eo,ent 
wttu г beta.aPimerg.cblphhmtrygent rn_add,thsnto 
dre use ohtheACE ^пЕпЬиог, caphgptd da™ 
reedeпlyepcnпnmoreldeco and tnortr.d.dymoam^nk 
»,ttraЧ.omaptnШ,c^e^eeo^,eukelrtlseuuЯ,un_after 
MI [129]. Beta-blocker use was associated with a 
SOo/- erdny|ioltш п-Г, uu cпeP^neatoulae ЛаЛт! 
dO-n leUnпOteu m tde denuk>omuot„ehoaff holme, 
hdre tnncficpd effeck of bpsa-blotte use o, paetas 
yeona aЧannftenШ,c3nfteeyУ„ctlUlt dhseu„chonaУar 
Ml appear to uo adP.hve lotauh rfACE nvhtanOi 
Лаапсчпупс 8^a,oo olrУer,ekofUeadoolaealcu 
noted m the SOLVD Prevention trial with the 
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combination of a beta-blocker and enalapril [130]. 
These data therefore, cCearlpshow an important 
role for beta-blockers in patients with asympto- 
rnatic left ventr.cuCao „tsftmiikt-n. alattla-spoiket it 
rntght be prudent Tt.se а ^.„гепоп .ftategy of 
ACE inhibitor and beta-blocker »,th .the goat tef 
revererng rernodeltngandpreventind the Уеаикск- 
ment of heart failure.

Symptomatic leCventricodan 
dysfunction
In symptomatic patents, initial therapy usually 
consists of a cornSinofion oOdumethit. vrdACB 
tnlnbnors started dyetheeorsn sequence. A few 
patients with nuklsynipnims maud no eeideuce A 
flntd retention „laybeni.enagndwctbACk ml-sb.-nrs 
alone. Beta-blockers shtuld be tabteftttesg ethCb ««It 
mild-to-moderate symptoms and aldosterone an tag- 
onists should be added wbh kAterttMOfommsra 
symptoms. D.goorn ssrecBnrn.endhd if fhepettenf 
remans sympto.naAe.PkSrens.ntbk cyAotnasf de 
symptomatic on all these deugf tnaa respond to 
increasing doses ofOmreHaaor tolXtaddmon om e 
direct-acting у^каТГкаиеПаап „hate, dktsln 
rnereasmgsymptoms (NYHAddfsIIl), tnofe .eggree- 
sive use of tburettkc atel varnedalnrr. motdding 
hydralazine parhoplaely ra pnhente »tth substdn- 
tial mitral regurgitation, is appropriate. Advanced 
class III and class IV patiems o((ett emqene eornhl- 
natrou diuretic regrrsretts, wsShloup diaieliis sup
plemented by nretolazone. Pane--B-dftaitkrytoall 
of these approaches dreyЬenerSsdirmv„rdnпstreнt 
or chrome rntraysaons p-dteoptb -bneapy «.ft. 
dobutanimeornnlimank _ .

There is enough ndrlreefato спр„пг( the.dk nd 
beta-blockers 111 pctieAi ntsh anU-knmtxlasate 
symptoms wfth the оЬцЯппп Apremaimdcdiogres- 
s,on. Then role m SedC1e1ysy„s„th„at,e enPenSf 
has also been recently coofonted bul they shnnM 
be „„hated after aoAelal,„fnvAamlcstatus anil 
fuUbemod)„ainic ггсПЬтсггоп of sha pehetet. .

The A-II blockerfare logKelaltesnatiofs Sa AAE 
„Maters in nfttlerant „Р„паи* Па they 
should he cons,dead ffe^^neSfhAes. _,

Amlodipine .. prmrnsrng fft tp—w tthnon- 
rsdrerme eariromyifpnttry and irnghl St oaddldefed 
an alternative to hyleaPazine and Mraies ar d 
fourth hue of therapy ,„ ^^1™. ЬшеЬ^ПтИ 
for beta-blockers is more robust.

Intravenous inotropic agents such as dobuta- 
mine and milrinone can be helpful in patients with 
acute decompensation and refractory heart failure 
A"-^!^,....»», dabdefaken |131.^3Ь|. 
HadyeAri the sacentrf1ulSso„ThfOпtcomz1 of o 
PronteohA Trial aS tAtay-mons dhlrmosre dor 
Есапгегеютапа A Ctmomc Hear. FmSpre -APTIME- 
'Hl'de.r [ssni df nW nnnncittep soutnsu tissof 
„пасет-пт nnlrrnone as an ad,tmet fo ktrnnd^d 
ShfacpymЛctreat„e«Ap.ehf„-shofUltfhffdfoa 
an exacerbation of chronic heart failure. In fact, 
sustained hypotensdrn re<sodi„a itttfsvfift„, 01-1 
iie» atnal arrhythrncet aconiteC „п-п fted„nnlla id 
patrent, who recetyek „„a^rnoun.Thongh u„fst»es 
гсп«0ти euaety of theae angnto hove hnei, inqsed. a 
icasenab^e ooi>Ve„dinm oedati sЧc„osis-helU1rr 
eennaip that 1W mo odoetncnens rneerA.tlebSbe 
cantinuon mnfoapte deireah ianidsonnttc.idnhnimf 
I a30,lfS|. Hntekietetheate sb mlengiftAftnefo- 
П1опо1-1ро1г agrnts lift no dfane„ „„reality bereftl 
PSitdt aiedatta sts-hes hans shone „осе ,e l nsk 
.„-....„„•Е.ОПу,-^].

s . ,„!„—. aesI.t devlfesand nonepbntatdH etone 
as „dunnot Me 111 die managemeut of paUnnh 
wryh eeft„aror„ heaot AHure Obe.eleehon of ern- 
„„!>,« and ap^pnooe dirnngof tmnsp1ii„Hgou_ 
ese nnpAWit Mtoebeyond theceopeof
this chapter.

Man agementofAhe pa tieneEditbi 
bieara naMure and preserved 
systeMo Aunction
Itiseseimarsdrl^at 20-40 Ogof matientswithheart 
reilure have peeservehloft vtntricular s-etolir fuoea 
Mn Меям, fe.Oftartof mmeth.™!4*). a„d 
tbr. percentage „sea e„ee„ntlaeet„erl2|-4M0-|. 
Houaetcd olh^r ссппииПАтег cud, esnneikta, 
tpya„id pbuoemahnn _ eM i pailmonHE. „.ah 
Shoilih Ьeexd„ded_eefolethe elmieel ртсАга.к 
„„„Mtcd Ю t^rt foWine. Valvclir al,„„lmpl,t,er 
muaCnloofHnfcd out. НАетА-сА ^sdienne ofteh 
Ad„eas upisodfo sy„„tpmt and sgA of hncut (п„П 
mewtihout aeoornpadbdg ehestp.etttlpartteulasln 
1^^Е-п„ tntCeaOimg Mt пса-оспМ hp„srtropdyoa 
saabeM .s pre^nt. Рgdпr erfting mombe ^elakpl 
when planning therapy for these patients, even if 
sedasculafiflltIy„ in .eA bomb cdAthemd. If uh 
these explanations are excluded, amyloidosis 
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should also be considered, albeit specific therapy is 
not available. However, after complete evaluation, 
most patients are not found to have a specific etiol- 
hou but, rather, tahaae rndtiple eonrribulby 
causes, mdudurg hyperieueeon, leW veutntular 
hypertrophy, ttabete.trnd torsa.etydtfrt.se; aud 
the syruptoms are argnbeh M rdrdtohc dysfuuohoh. 
The clinical presectahm, ot hoact fadnre due to 
diastolic dysfunction overlaps considerably with 
that of systolic dysfunctiom

Unfortunately, tat not sporfonrly, In virye of its 
multifactorial nature, hraol fa,hue Cur Oo Гн.гЫвс 
dysfunction ,s ohendifficulttoloear, ^rhoogh it 
tends to cany a more Уст8аргууеа,а .141,1421. 
There is no specific therapy for diastolic heart fail- 
are, although calcium yOnoiHol ЫооУеггСс™ tarn 
advocated |143| h, tOa abrence ot а^есгУсеУогерри 
drere are three prunatygoals th treatment: torePnce 
symptoms to coutroi hypon™ and mette on- 
sequent left ventncoOir крраПтрЬу and to prtoent 
myocardial ischemia, у ............

Diuretics provide Uro most eynypfoid, rtittOtf 
dutd retention is afealure. CtPryyrdeaidPrdnhi our 
among the most eUuthee rOeeacdfuotsolated sys
tolic hypertension 114D|, anO ahrontc dinmltc Ufeo- 
apy tend to produced^ уоууг^гересуюо yf kfr 
ventricular hyperttuuhy ПУМОВt i суЬкГе is up 
important mechanism nf Pitefohe. ddafuoetaon. 
Hypertension is not only the mam stimulus to left 
ventricular hypertrophy lo thess ^tantr; h gr ata 
a frequent precp.imrt ud uchemis n„B thncefore 
should be aggressody суИтИсЬ. ^Иа-1,1п.Ует 
and ACE inhibitors pnl„pkш^at РурпУрр, ucdl s„S 
calc,urn channel ОПакет orf mchChet effealidt 
alternative. Central snmoatholpnce „say alsc n„h- 
gate episodic hypesteos.veeprsodef Bela-btooUtrr 
and calc,urn channel bdmkees сип also be eased P„ 
treat ischemia■ Веерше tachycarУyl is ohm, poorly 
tolerated m these Р» Udt former tgentn 
should be used when the basal or exercise heart rate 
is excessive.

Ancillary therapy bet heard УаПрю„ 
patients
CHF is usually accompanied by a number of med
ical illnesses or conAiticnsthat mty compli elite its 
management, sompofwhich are briefly discussed 
below.

Treatment of hypertension
The increased afterload effectoOhpa ertensioncoft 
tributes to the worsening of heart failure and hence, 
"cco'”" itu,tmsnt iswitrranrehtpachsevs n 
Вези^Ые choreal effett. АИсаЯ Ono taga сС„С,«. 
5раЮЬсНрроНа,.1опшЛв ЕкМуРгоугаогеПНЕОР 
[147] and Swedish Trial m Old Patients (STOP) with 
Hype h™ ttaSh reported vudcptfrm rntAo rnotr 
pla1кc^„rlemrtШurtaddctharc.er„eacleecиlortyeоep 
»i,0 пуипсУегеатит] of brpanatapin. hrdreP, 
Pfinentt aoah CHF оПру peeBoent datfor „Руп tOet 
pnatioe- «r os thefore end оГпоотеЬ Ualess Us.- 
patient becomes symotonranu from ОуиУКкппп ar 
devdop1redald^funchиn er angrnodnn МГРУрСои 
о™0 Oyyocerff plolose„tollcЫdod yrretnae nf 
’У".^^ ern, 100^10 Ueaaauft^dUgcnfe 
enaca aidtmahcs, AfE пУпЬтегг. ОаВпуИксНигп ant 
vasodilators, form the cornerstone of therapy for 
СНГаур areusuahy sufficient toconfeol b.ood 
ctrescote. Cental звуе-^1^ .° ewerstae ofipt 
given the most recent data on beta-blockers (initi- 
enad a, ime do«s) ond andod^--, llny псу pOe 
more preferable choices.

Treatment of angma
ftplr0-- ang1papнsir-t in peeltriedlled hetat Mute, 
«Усвой"™ is the favored approach m select 
caоd,Ptr|1s sho demho.rrahtre.neeoocuftoyocm- 
d,illecyЬ,lnCy.tndthw^ueи0^scfOPad^elso,t^eit„, 
thrr text The use of rniratas po» notctk tlнcpgnperC 
apprb>cde^sieora^Ыea„Ptlte^.tlhоpenuofЬttt- 
Ыоекегу eoiit tmlodapiua rec 1ntdOоddC epthtUB

Thoasment eyf аорПеУОктВау
BobIi eupmvenmcubafanP eeyheeuiararrhyiPmor 
УГУ»™» patient. »«h heart failure and often 
pose drafltugt^ „rhtemhntpnobkmhllhaain 
реииго.. yhu d™lopa^1aИii,г1Porpcn,liiрder1rtЫe 

1 1 a • • •
buвnp-elwayoвosslble1neemnreonfmpmtamanpг 
ebyehen llta], door rett confrotntoymeoebafocer- 
еС^ае^уге1Р1с1Р1^пРасоог1Гпп11е;1г0^пУсо„Вао0оп 
may improve cardiac output. The mam medication 
УЫ- Ю ipg yo^ui in rues «hup is ppo1t1dtooнe. 
D,goxrn,d,ready or тЬпаьауПутчРГУоткГПеОсесП 
Ыure.appearstom^ptamrmд1 rbyttai. 0^.^ 
S,gmficamlyfe„erhos1lnal1zee10d1hf0luирodc„tr1o- 
utarft^cu.o^i widr rfqtcumm ВьеОС^ИпИЗ,

Because sudden, presumably arrhythmic, deaths 
account for 40-50% ofdeadttmha oHUO^epatiedSs 

torsa.etydtfrt.se
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and because ventricular arrhythmias are an indicator 
of worse prognosis, the findingofsymptomatic and 
even asymptomatic ventricular ectopy is often con- 

ominous I land. beeCeuSs »,,t ijuuplamh my 
gssovs of an arrhyWniia, sogh as hyrnope or 
uear-synoope, reqnue oarnftaevahuatrou. Thtrsewtih 
aemoustratea sustaumei.or rm>hrrou[149r.epUrKular 
tachycardiy on monitoring rFoulh be consoaered fur 
rmplar,table defibrihator phsre„e„q[l5l.t52|. The 
rokofinrplantabkmrmnherier-aelib^rathSdrsinlKal 
failure has recently Ьооп aaariroU ПуТЬ.yCyedtat 
СагЛае Death rn Haart Ftaktre Tftai (bCD-HrFTm 
which is atseussea elresilferainthtrtexs. d

Patterns with asmitbiaroomc cehtnctelaa aatapfi 
tncluatng nroaemkln fosig broil of actutricular 
tachycarhia, presents, dikrnns.b 1П0| Т»о Arialo 
have evaluated auutxPawtaom Ttdmtmmdnsaa but 
unforAuyaAely reached аруоЯа rendnnions. Tkb 
Grupo de Estudio de la Sobravida en la Insuficiencia 
Catdiaea en Argeudaa «ЖЬСАС «any fonaT tta 
arnlodyrone300mgdalrУpahldngedeaeoeyaleyУprd- 
v»tedbuth.udden0.b„_on-iusrbkrrdpe^iunt^up 
of patterns with Severn CHF prAianlyt hae Gt «no 
tschennc card.omyoaatoa »530. to aonlparli a 
Veterans AduiuustraUOA ca»oesabae «*004. 
400rng darly dosygy m pitosts woto predonturrindy 
NYHA class II CHF tdeaas rnaap run ya eurotniay 
artery disease fonnV eta ЬопАг Uueptte a eginySeent 
nse n, eieobon fracbon .e,draydersrulsupprer^o„oS 
asymptomatic ventricular arrhythmias [154]. The 
most Irkely explanahon tor ll.s«neb.Чr!el[ dniA.my 
,sa,attheЬenefitsofa„l,haaeoue„siblreoobhЧ.ebЬy 
its beta-blockurg aabnaty rad be AkuAeU Sc пат 
,sohe„„coara,otoyoDlelry[k55l.Xnbhto^selnb1r„,a. 
cologic therapy ^ааопапкеиане ^rntekr 
arrhythmias is not encutAagad.

Anticoagulation
Patients with hear. failuee are aa increased sisU oO 
thromboembolism .С56У. Зеуета^егПеебь^аеГек! 
activity have been fonndtohe increased in CHF 
patterns, ma»dmgЬnteensrтшЫdebCnubl^[CelarcЬr 
factor 4, osteoiiecttOr eedh^nter ^0,, mok- 
enks [Г57-159]. Paaetrrsrnitd ateittenOneationtyreat 
particularly htgh nek ahdsUhubireaeteewaoCeeat 
anticoagulation. Anticoagulation is also recom
mended for patients eAthahiato00 oS tombd»»- 
bolism and those with „bЬde,„traoacd,aolhrotoh[. 
However, the rate of arterial thromboembolism m

patients who are in sinus rhythm is low, 2.0-2.4% in 
large studies. Though a cohort analysis from the 
SOLV'D study indicates that anticoagulation may 
1a-prhve suealnal rn р1и»„Вт0П11со1И Mura [ytoOU 
,wyra„dotolгe^„alcln,eaVae.far,„alb^de,t1pУetelcr 
Инга,. .nHeart Fathue (WATCffl Beal |l 60) and 
the Warfennvemue Adyton tn Г^ CneTno 
Ejection Fraction (WARCEF) trial [162] were 
ьу«п„оУ to touate day оойпоЬ artotbeombofc 
aaeu t0eeiratШuro pbtanat with a oom-opi-a pro 
mayhsUnd prnht uf Eeasti and e-auke. Unfbrnneetel), 
inaWAT2,H„™l„aeSuahnnaredpre^alure0o by lire 
Уекпеи. AOOant (WlCnnDonttrn SutOyProhram 
bnernoa sUacor eueaUtoeiitwhhn ^„0  ̂un- 
non n( -u e„wer no aboevetin atTand oЬlectton 
O»^ “ ‘l;l,""-"|i "пг™ “ o™ehy_nut- 
na„eateeereИ^nuootbe0lnepey-age„ts,»aenmn, 
anno ot eba^grel m this u„derpowere0 shody 
The results at toe ooyaaag WARCEF Sahd , pm 
vihn taher ubunuaiton TaaasOahg Лeeakof anlt- 
ehaalleoon eioafoa al,ltueeieks rheaapy an tonheaH 
fallueeal>lrolol„,.............................................................

The [«01 atpum aa heaol Cahnae ^aUetoi KH-nr 
с^пВгуьопУ. Mos, eh toata раита У.aesundsreeenn 
coronary artery disease, for which aspirin is often 
adttnueerel■ed hut foa «ОИа Пу1 rf effleaay Far 
1о„8-Ю„ ltaa„ ,elllmiaO.Wt,M innkns Ots piota 
kunann ta that toe e у euggestiou to aspna .wo 
mlnea<herorO toe ЬеиеЙоПАСП uahrFiios toeaapn

.гопporteon- drug irate racticns ai e
Unayetnnuiely,the manaaemen1 oA CHA isn chet- 
tenging er°blAn and requires a polypharmacy. 
Becaasi oehaaffecis on renal andhdpeticfunction, 
dmg ttotbdta, и ПУеаГуЮЬп aOuaemal. ehus 
,en mu« hy Икеи Au aacid drug „кгиаиаге md 
edeeselvedosmg. The most obvious drug mterac- 
ticns .a01 toose that imv.to dianxto mqntotoine erst 
anntadanaue and oyufimeu la„„ltdo„1ne)r A ninta 
hequent paobkm „the nerrAtatrnucf AOOB^biytaa 
h,tntaen,tl„. Angmheent Aeoe^sO rOtAtO У|1пЬг1сг 
ltk„-eУ,atetl An themareaign b^adykamn keek 
eaenee,iusuk„r enhancallryaideeel,foeshdealMey 
peuatukana,ot.ta «ylleoЯleu-lk»cmCЬ^t.a^- 
genase, and thereby suppresses prostaglandin pro- 
ttuaioy.kaue|Лeseyoml1aee_ati„g_d^eelr„,eyedsuh 
A anlaтt,„rdlta»aenACUtnh,Ьltor 1™!^™, 
therapy in heart failure patients [163,164]. A recent 
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subgroup analysis of the CONSENSUS II has 
shown that the survival benefit of enalapril was less 
favorable among patients taking aspirin than among 
patients „о, ,аИ„и group, e). baseline J16CO 
Another adverse mte-aaUtd hasbeen «corded m 
the Mnltieenter OralCarveddal Heart Fnetuob 
Assessment (MOCHA) trial where aspirin was 
noted to alter the hAnehdaledfeats of bdaabtoetom 
on left ventricular erepliou faacincid in patteniv with 
CHF and therefore sd wn etS-oofod that ,1 may 
impair reverse remodeling [166].

Follow-up of pbtients wiOta heart 
failure
It is recommended that patients be followed prima
rily by clinical assessmnnts, mcludinf a quantitative 
assessment of the putiect’t activity tolerance and 
symptoms and eatrfbiS phy-DDeuaml teVbPa Seal.sb 
testrng procedures агеа»ьс11па8еаЬгатге.1Ье1ааге 
poorly reproducible and are insensitive to either dete- 
notation or improvasnem. Ennceotfom 6p ahi. eesorn- 
meudatiou include as.™Bhea веафЬооееа» 
and the evaluation oi find,ngseosl,aa hear Start 
a™ or abruptchangea lit clinical .пахе.

Conclusion
CHF is a lethal dismuaeevi'Sliagroenitigaaii'al inid 
economic burden. There have been seminal advances 
in the diagnosis anCmncncemtnt of heart failure, 
bn, several have „« Ьеьп 1ЛаеаЬе1ута™роае1еЬ 
mtn practice. GurfYOianaosatiexipTed fo tralily 
this deficiency by paoirrdihgeurfenvxC»e)tvr6D- 
cine supported by de, isal Batir.Tde рЬагтеспС^ 
ical treatment of 1,еапПа,1ит enlailc acornVmeV 
preventive and symetomahc moitagnmenf 3taalegy. 
ACE inhibitors andbesadnloakeas hove gtrength- 
eued the armament™ umtt irnpiooe qvalbia othfe 
and survival. Yet, tPaavisaliaayeanathc-lneed Dm 
further research efforts to develop novel therapeu
tic strategies to improve JinKol ouncome in ocis 
gloomy syndrome.
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Novel therapies in heart failure
WH. Nov N- П larhS.rmpi

Introduction
Although there has been substantial progress in 
recent years in the development of pharmacologic 
therapies for heart fatiire,ontvernge these drugs 
increase lifespan by o Sou nsorssbs oa yeato at most 
ID.Hietherapiesthata^^enrnsidpmvosne.inmei- 
,ng renin—angiotenssa-^dosferirnh rnbihd™ and 
P-adrenergK blnekars, е,пар1уПе1ау,1,е,„ехогаЫе 
progression of disease. Theta arenn snsOng drugs 
that cure hear, Manehlea-dore, there a oo ongo- 
mg need to develop effective new therapies for the 
management of this condhion that mi.h, slow fur
ther progression ofbodOfrafoae. ,

The marketplace Inreaiydateeithadaveiopnieni 
of new and „moral,oediereoiea. Hears Sa.tnee isoaw 
the Single most common nanon eoapsiienfrodre 
the age of 65 years toreadnMed toobhusprlni 
|2|, and data front еПаРгаттО-пт Hern StnSy 
suggest that the lifetime risk of developing heart 
failure is about 20% iuboth mon auS wmtnen .0° 
Contemporary dierap.erarenot h,ho0ynsi,SFrraona. 
leading pharmaceaStcal and brnteshneingo cnrnpa- 
mes to invest „„Herns hi dn1ltatmto%hedeoeSoo- 
rne„t of new drugs. Regoletory „гта^т— 
very h,gh staudardsronthesditoaval nf nera phao- 
maceutical therapies. Relative to other specialties, 
development of neo areg. for crrdfoyasehtar oisy 
ease has been n sdnerrshdl enterpnse, bar rrnopte 
challenging [4|. Thiohao ^011,^0™! aidnsttn 
concept th» heart hahioois an lobenrr rdru.

Uns chapter prooiSes abuegoohSd.ece о^п™, 
up and corning debblopmemsdafraSeSiar oOmad- 

ical therapy for pa0e„Co»rbihaerr hrilmr. Isnrna 
With preliminary datasnsd othersooly OSeohnieel 
data), recognizing thetinadyoOia esc ther-poo and 
never come to market. We will briefly discuss several 

approved drug classes that are extending their cur
rent heart failure indications, several drug classes 
that have tried in large-scale clinical trials without 
success and seyeralpteroiiome drug dneae!b^1r iere 
currently under ,„^8.™».

Approved drugs du uses ras.tdi 
exhendedindications
Sna<1dtavsc addosterone receptor 
antagonists
ytionow dear thaixldosteronepleyvalar msre 
"'“ao11 in csrdrnvavvulaa nireaterhmiorig- 
snrllpenvaridned. Aldoateroi.epromotes collagen 
OprsiSion .d.lslro.mr.l nmodrlrbo nr doe ОгоП 
and the blood yeSSela,^rerfdieaetoal1errd losOrng 
гооПп^ ooid variaus loams of best» »,», Щ. 
1e„g,oUe„sm-cb„eertmo си^ГЛСтС mi„hiim^ 
bioodawidelaandadccaostuHy iissS m drrn^- 
““"ЬоГ SoSPsr^nstoo and 0ear1te,lnrr1doeor ono 
^tнii1y ssppruss tha rdeaae of atdartnth„e. TO,r 
escape of aldosterone and its action on the heart 

g„d booo Oa^seh moiacgoiwul tar sdnra rf cOg „ого 
oa^^age Лтогопп m paHedtt wrSb bypaeSgn.iOo 
a„aiOh1nЫprd61^d1ttia■oeoreaspi^atehotegrll1 
nurse» enccotoni. 0f.el,S,teeyareaaa1uaKddttea 
ctdrgnlaЬyЛtaereno1md so„o chert minongeto 
lOedaebdtsoh^e tlaeeael^eblr ttro tranh^^ptrsorf 
rsumStaosgeiws Thecofore. ornrh ot abopSunacu- 
roano,oao0ety of .оИоя™ edeiaoea foaboorr 
Sodtpc hemretf■^llsbilfd-naelh£maidotterooorsora- 
torr ad exrerdrl ceR moi.rtradhodoat asSrreror № 
aeooikica^!„LatoOhh1o01,„_ssnrhas1l^efrhr^poh1 
rl ebioesisorlim,, add unt^hmr aosoaaad-meoii 
btenes. hk>dhd^hraerafeptors^ca„ caoaemt„1nhs 
ate pharmacologic effects. The proof of concept 
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here is that aldosterone antagonism favorably alters 
the natural history of heart failure as pointed out 
in the Randomized Aldactone Evaluation Study 
(RALES) trial |7|. Despite RALES.oidespneadu.eof 
spironolactone has been hntiied beoaueo of adverse 
effects including ^Ьакпоп, renal rnsAffistenny, 
painful gyneconias(ni,impoteiice7 udS menstrual 
„regular,ues, some nnsnanc^eebn^haveleamereul 
consequences if not eaeefidln^uuhznd [S]. _ k i _

Eplerenone (tasprs, Pfcer) n e nn„. Ingbln --L- 
tive aldosterone receptor antagonist that has demon
strated efficacy iff pafienff n^sh ^Р ld.. 
Several stud,es taye demodnnnded tint epleienone 
has effecUve Ьloodvpreerru-eetotse„„g rffsnts tn 
patients. loqoti™on |10,ll|. The sewnb
EPHESUS (Eplerenoee Ooet-AUil -Aente MynntirdriJ 
fofarcbon) Heart Faduee Effieacy _nn- Samsal) 
Study involved 6200 eutReae Rbth OvS eentnnulai 
ejection fraction (LVEF) <40% plus clinical heart 
failure, and randomized taae MO —>,«„
myocardtalinfarcUon (uosteM)) to ебкгепопеееиисп 
phaceho. The EPHESUS e)ndy Sas rnnfiuvaF mortal
ity and morbidity Psueftri of epleienone padbsy 
wrth post-infarcbon haerteaik„e |IB|. Thu Mpg 
appears to be much more selective for the mmeralo- 
corticoid receptor thanspioonnractotie.thuereuucing 
tire troublesome side uffedr nt nenffn) nynenofe 
[ 13]. A large multicenter study is currently underway 
to establish dre effloncy ar ooleaenonem rnvemn kft 
eeutneolar (EV) remsdonua id natiunte tnrth irnlV- 
to-moderate heart fatal- Or -уП, ed utadUoone 
amagoutsts, hyperinrenns uspubiady a- Orr seVsty 
of renal msufficienni nnd diabetes nternnoS групп. 
a potential problem. TrnroSo-ei «[геШи! paueut seiece 
non and dose monnd-grg od etartttyies nnid level 
function will be essential with eplerenone use, as it 
now is with spironobivtosn..............................

One of the more nnemaUair^eds nf tBdnrleroite 
amagomsm is the rysunaann wf «тЫЛЬ EV fypbr- 
trophy and reversal of LV ^etboVelmg.niRs^effect is 
magn,fiedwhenepkrenn„elSusedwtb,ACУ1nh,Ьlt 
non as dernoustratenby rie rnoenSSE rИOetrne)neli 
Safety of Eplere„o„r.E„eneu„l) add Epteret„e, 
E„alaprdComЬ,„aOnnWteeepfntPeOenteWtthLed 
VentricuLar Hyperteophei ЯпУрНИ lu bOiu атУу 
tlre effects of eplerennno р e„eten„t weea еупт- 
gtsuc and addltlve.tnUrblUcn nl ta .МпьЮ-гое 
receptors also аЬ^ uuentHo iorO rn^nOod 
remodeling [15,16]. Spironolactone reduces collagen 

deposition and remodeling of injured myocardial tis
sue [17] thereby improving diastolic hNnrt fuse-ion 
[18,19]. It is likely that aldosterone receptor antago- 
dta wbl Пе b^fpteneu n ко. dlpetleurs bnt 
such indications will only be justified if results from 
We up™, EnropefeEMPHAUB lUplo™-. 
eo OMS OaME Htneneatatat and Survanen bendy 
in Нем PeStoae tend are peetnne.Seeeml Mi., 
we aisE canrendy btavwey nr axptae nPa role 
of 0^“ r^uem^nRae neta letrnng 
рГуПусЬно Eueases aed tel Wastoltc dysWlУcVn„. 
l»ata№ a largt 1»,.™^ oiornUety liiat, 
TOPCAT (Treatment Of Preserved Cardiac Function 
HeanОaOun)eetta„.S)eoete-nneA|eОegooset)lea)po 
ongoing rn detenniue W „eeO^ paWartd «b dtao 
tbWe Sviiti nentpe «.OrcerieeTodwtrnen isEenefiiaat 
or not.

a.seyrrueeAccpeptH^geb _

В-type natriuretic peptide (BNP) is an endogenous 
circuiting netriureeiepeptide that is synthesized 
сое„ити-1еь1уп^..NHtrinuroeqdcspeePtedasednrto 
-ft cecolartrnt m dte_retnng ne^oeaV,er dyetatie 
tatnenyn aaheael Murn Inn], ASt» vyvntee- 
eettmeUey.pe-1Ыe| BNP Urs inulbpk Pm^a.K 
^ed1eterveeodfflttblt ™ a eaten1.ee t^deu gungm 
ante „ьпорЬо^ЬпО (oGMP) .msept^r pastaay. 
prontoeeea modest тп™. v ьоМмрЬьр.»., 
Suubsuesoe.eeTO,„Me,cP,en)PinUo-ttn,e1nl ppPtniee 
nu rt„„n«ebИ,t Plasme ПвггЬ) eV BNP „rogrep- 
sively rise m heart failure as symptoms worsen 
|yt|.Tnereff-eJt would iuem eretur.eS to eoondet 
snogeuubs BNP as e edyвoftltxeenu, partrnukriy 
m patottts поппУ atan heart fatas wt» -equ.se an 
•
mtn1^■syoyeaernt. .........................................

Recombinant human BNP has been synthesized 
eltdP,eye|ltnel^ for an-viv,01,, Шьо[22П taae 
BNS, 1™,,» e-„eS,,etldelNe1reeyS| Se,os). has been 
snnns™dfor ehort-tart myabepnus neepn patteute 

th acute heart faih„ee)yin„to,e ^ЦпоНс 
VMACrVeennЛnmt^n tnefeai»ne^,entoeAeu^e 
Cbripetdes Henri Furtaev teeennust„t,de nas found 
nr be aaleeetasЛeW,es ar mtrabsuour n11eygCyeeetn 
|2b1. И 1ьпь bee addrg deeMage uf prontatrg e 
ratae aerootn decCnn so eenbai 0Шп8 ypessuren 
nehde pronBnt/ а .рьаер«р; diaieetta effeed when 
uaen 1W eb„tuмt,o„, errbe Ioor drneetie -0)rapu 
ei.in„„a peotas who dumnneteate a .ulntata 
diuresis m response to nesintide and diuretics may

eaten1.ee
eretur.eS
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develop volume depletion hypotension, which can 
persist for several hoursunAessvolume is replaced. 
Data from the PRECEDENT (Prospective Random
ized Evaluation of Cd^» lkoium»ia.Dobotah,ine 
orNesiritideTheraperstnafsuggestedhiatnesmtide 
„ not pmarrhythnD [24t.mes,nOdec<Dengl(en 
as a bolus followed by vs utfototn dear bat v,.oP 
experience have luntteN to >nb lowed» utfusiugs. 
The durabon of the tnOnnno ts naanmt aotannmed 
by the clinical and henbodunainic teyponsn tn Utt 
drug Most patients ere „апсПапгеП om „esMide for 
2MS h. Nesintide .sonyrently necdg „ееЯ^ in 
the European reg.sbrnhnn t„al, ENTA (Emalyannm 
Treatment wtth Nernmde eoApufe Denonmentatet 
Heart Failure), anda tage rnfotntbonnl mottahty 
mega-tttal of 7000 anS,vup in tu the planmon ■'•₽ 
to refute recent concerns regarding the association 
of the use of nesnltHeattm woeternnn reualfonntntn 
andlafomonahfylOmOSl-Jdefe.fnirtrettneesnn 
gations into the role of nesintide regarding renal 
preservation or deferinratntn writ be nxetmrd aan- 
eral smaller studies......................................................

Srnnlar apptoad.su using rnoornbtntot abn.1 
urebc peptide (oanpennde, Dr^FntoatyaSind] 
and recon,brnam uromiatut (пГипЫе Proten, 
Design Labs,hic)[2S|,sim curtenttoundenuom^cho- 
,cal trials in the Uuhed SPpSps. Onher nitUttyenous 
vasolidators such as urocortm II (Neurocrme 
Bioscknces)|29] as ueell rr- eye1me„[■ pepddee ttn 
the eel ventricular natriuretic peptide (VNP) are also 
n, early din,cal phasu Oeboptnent. hbe onupyA ot 
all these ccnpuund. oe.thntdr to]but O re еиатПе. 
except that each conapoundboasAeo havp upuinpop 
properUes or d,fferen^tneh■lhvetantn,^erИtS erOnme 
aouon float w,11 require fotOaes repo^tbyePolamu^. .

Another active atea ttfmeentigahhn .tOrtrnloof 
n,term,tte„tn,fos,opof„polCl0Oe^d.eonotEUSI^N 
(Follow-Up Serial htOnonu Of Nesarhedu) ntpde 
evaluated 210 pat,enA aS htdl„,sSt,ud hoaptndtn1- 
bon for heart failurn. wlrn were txudoMixedlo ore 
of three treatment asana: stpndapd сапа or terof 
n,fos,o„sofe,therOOlOettrOr>tmqntЧttn,monn^s„- 
,bde. During a 12-weed pernod, mure pobonfe ttn 
the standard-beafmann peoup u.m no am hnapr- 
taltzed than an the neel„trno-tseaaed grouos(eS% 
versus 4S*,P = 0.1UУt,»lthoutas1g„dt^„nn<tlb 
ferenl incidence of sentoutпУudrse events.Tns effeplr 
of long-term ,„«-„№„0(1-2 tauten п» ««4 
nesintide outpatient infusion m advanced heart 

failure will be examined in the 24-week, 900-patient 
FUSION-II study that has recently completed enroll
ment. The objective of this approach is to reduce hos- 
pifhizanouy fot aodtedecd„py„oeteh heart Ышс 
emrsodes роВс mtermibsnt neslrllltkmauflnttt. ehng- 
eca netn■-tlmemfotlon foradvencsn heart bduo 
pnluuoHwamme for crndAC ^пnhodnul.etlon shO aPer 
-^"0 ip the TMAChNaannnde „ Tfaataphoif - 
EhgiO^e Marnagmient ml CongrrOee Heoi doplumS 
study.

Stadin pmerapy
peatin thawopy Isas bcuri widely used in patients with 
Onrnece[ratcc—onlernia and coronary artery disease. 
PA,otrouu_o_narrhetointatrnsmay include ■»„- 
Utedb nnntmtandfafotoefdepB.a„lyrone„e„tr u 
eonuehdcalUyctaкnon,macletmntoohatdtпohhoes- 
Be0rhntp1dfosn^ reslnro aotonp„,p ЬaOlnoh. aeduпl 
,[ntt meOhtuaOn s^pss,andnкrпhremu[Ota nx.dc 
aloana,t(Ьrhiul^-ЗП|.^a^celedea dnaf Oahna may 
ba tfandUпsel m p-benA, РпаЬЬеаг, 0oh»^_ Oao 
p- yensrat nt«-hooп„пlysesuntne nbhzanionhp 
Op-dtlon™- agenis_„s teuTt fadure—сЬтсоП tttbo 
and observational clinical series [36-39]. Recent 
тпсЬапАЬп data axp amo poimad to imp,mvemenK 
n, uV rouiodetag tt a oosnsauae cannont^zed- 
eo„^Лd,s[eЦ431lnyloreltmuаrynteshlttftomthe 
UbtVnRSE(nL™uhcia^n tapaut up, Veol„otПoc 
Oenotdehrtn hpfos abd 0,^- bul M Л.ntyaPa 
did imt aOhPl .any aOnmontd Ьenelatsm(mpcoh„n 
саг^ rarnotletog »,fh .«uviAtoiOu Sh™pn [«t. 
StvetP upoumшg Rehn Oahnc РгьЪ nrniaoorut 
vastatm (Crestor, AstraZeneca) are ongoing. These 
aucOdnO pte Ы^ШG-Пyl 1&оурп1 kaliano pestn 
SanOta duhri Supaydtocuza nth lmhlo antt>cxrd,ept 
rlxxnteп^nano hl Shao [trvefogafos wlaephzc Stcat- 
taaaot ««0 ^«.«.1» yrhshnii miptoGesniorGpb 
Oh awd metrthity uh oeopee ohb susunzumaк 
atnPa^f^■l^^seof any pbolngy neeadu tan^g slam- 
dard treatment [45]. The multicenter CORONA

O0!uthonthh «^М рг-юР o 
a hng--efmlmndnottznd, UouOfe-ha„d| eclsaab,^ 
co„trolktl,otutMMtpya[studhtnevaluatepnsuтаe- 
^anhtПn-gnlt^d„>vonatУo„nort.llH.and„„ЛtU- 
,^,a„donh^aИ™vnlae,n4an0pattenh^htthЛryoк 
ischemic cardiomyopathy (NYHAII—IV). Until these 
-....pi, me arndabk nhe „к mh ИЙУ tnerauync 
patients with heart failure should still be confined to 

apptoad.su
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the treatment of dyslipidemia or secondary preven
tion following ischemic events.

Erythropoietin healogues d .
Л"""" ins bro, moopwnielf regoschzmd ,„ paerotr 
with heart failure, and may contribute to the clas- 
.ie.ign.ahd.ymptEhylChnbonpthena.nl^funo 
An unclear, but apo fh,olсs«Safztbenff meoOn nt 
в» heart failure states, пиИ.ппиГ ddi™. up 
diluhonal effects due so eyperrolnnnt Tbe oroh 
prevalence of anemia ^^tnc general Irmmryfatmre pop
ulation is estimated to be иПои, l5zz„, whole patento 
»„h more advanced Irene Znlnre haze a h,ghea 
prevalence of anennn,_(r.Zp™^pzbeaP<,uZ gon/z) 
|47.4S|. The auenuaorheprtfzilummieaesecuited with 
worsening symptomt, poh .napppnant or fune- 
uonal сарае, ty.lughrr moztahre.auPbborerprbbno-

both systolic 4„d],Ttofrcil^0rtKhon [09). 
Cnhcally ,11 pat№ rndpdptg По- om the mOfornum 
care unit with heart failure, typically require multiple 
red blood cell trauslurnians [ft.. lUn-ituoPthrcan-e 
°'1,1 ‘“"С”11” -yrnrrOetaottpl laei.tffu 
r,sksa„dЬe„efitsofmtzn.e„w^!tnuzlnO[HrgnKfnrt,e 
vutous cycle of anem is. a-oooee renal luhpieaud 
exacerbaUon of heaet foPommiSlmсlzar, m

well known ЛИ .nuenua соп-аЛиКа Paths 
morbidity and monthly of ponente wilh acurhet 
disease of еп^о^угПепПрт-па-ап eentP 
failure (ESRD) [52]. Patients with ESRD are now 
routinely treated wlhr «wmebrnam hnuranmro- 
dmopotetrn (rHuEPO, and tutraeennhetrhn. APege 
proportion of paOai,eprllfrh ЬгопЫчге ruo enw 
m,a have normal no aven nlefrated eernett lev* of 
erythropoietin .„ggeihrngfftPt rhe rdrponepropry- 
thropoietin in the «rhnhoft^ungaeinhertltfu, she 
lack of erythropoinm maybe mO„nrmal,n Odo 
population. A study bh ailneobppg t„tZlfoPhegoee 
showed that when а™ ip ppmennwpth hraot 
failure was corrected by [паПпет „Pit rHuEPOo 
there was marked unprovement a уапЛаи arb 
patient function атаала uuth fswpr hosbitalipa- 
hons and decreased dtur«^seqшro,.,enn [ И О^. 
A novel erytirropme.» .two-tong oeotmin -NObO, 
or darbepoetrn alp-ra), ehypetg[yeoSy[etud anffoh 
of rHuEPO with 3 flmerlphgarlrzh-lffe._

Although the 00^^! of пп1»8 rHuEPOtb tteat 
patients with hear, fahorslrozflP„alpthe srlennort 
of patients, the appropriate dosing, and the thera
peutic target hematocrit tevelramam pmbblemat|а .

There is a theoretical concern that raising blood 
viscosity and plasma volume could conZoibуаe to 
additional afterload stress, worsening fluid overload 
a„dhnprrfal,p^on. and fnither lmpa^tmg earOlpa 
function. Additionally.-lie» ancena sb Опро, tmborc 
may be, in part, a dllhhouetorhblentrautаdby fluio 
retention, rather than a, un-usd droop». OP teal Ыuon 
puИmppr.Dzpplte thpspuncprtnrotle0[teteneсsonablll 
A lfeh■ftSor «ben a„e„agemenestuaergnfns 
0“ pttnanemrz opdtart kuhne. Pee[emmarh 
rarphs ftorn 1»u Phaeellstut,zssSo»en thpt 
ment with darbepoetrn alfa m anemic patients with 
bi'P^aaic h«t .ecope „as „rp-tblerrlehl dhro 
ooelu ruiseg П^пРот anb „tpruveo раШеК 
synfptomslZPA5|.bуnlrwlf,tfeaeаsуct r̂eneluЬp[on 
testao ,0 lаthаl_аme„^mnnalralpruoelee0-ct>nfГОllef 
trial called RED-HF (Reduction of Events with 
ПОпПертИ» ah, rn Heart Mbddjasmg dasU-0»- 
mg alpha injections.

Dapg dadses thalfanGt-ed 
in clinlуal oriaPh
EnatothhHn zeceptor antagonists
Endothetoiit z familyof Cl-amino acidpeptides 
.ET-a, ET-2, ari ET-3)thathnvepotent vasocon- 
«и auh urnwthdropenltea inbotPthepph 
rnonaryand syste,„,evatаolan clrruloho„r[U6.171. 
Pndothelm-f(H’-r)is^nthesiepdmThe vuscutar 
enfofheiprt сСк ftnn, «s prepnrsor Ыа-ЕТ-П Тки 
lznaemh^eаoPeИ abnpdby Phdotl»totC<iiSPPrOnp 
enaytee «^0^1 anPECEl2Por otherlesr nproZsC 
lv.Chlw, sudn B neerroate„dopepuna[bes(NEPp) 
-p m-ron aortve ЕГ-t. S^,thpp,z tif ETa rs mopr 
iatud^ bymapyfeclors, boiludmg neurohoraeona. 
lznphfensm-П[ nnoepmeplh■ma vatoprespin-p 
cytokines (tumor necrosis factor-alpha (TNF-a), 
аraltopotm[ng grow.h fsntbr PAr [-l,,.Mplllll.| 
P,onmЬm aat mrrPgmezt sPeess. Иогп-о ET-t 
lrpds_O[,efrkllz mt" d-seapz ггурпГу apO поп8пь"1 
op i-1WiisS. sonh heart bitnrb P8|. Erl-e augiueemm- 
II, endothehn may have an important role m the 
pwbophoPoipgy of hafeh Pot lu o. sfofrestion, inolud- 
^^fSsсmndrh„g p i

SiPcetheongmal ropoo- UoYa„mg1na„a anP .b 
lrаauep„,Hаа18 [S-h s-ontehh^ hneu сn^olotlo« 
growth of information regarding endothehn and 
.etoЛ0 ^™- so pgr<Opevao-unаt d,Y 
ease. Recognizing its huge potential, pharmaceutical
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laboratories quickly developed a series of endothelin 
receptor antagonists andECEinhibitors designed 
to block the detrimental effects of endothelin [60]. 
However, it was socaat^e^izedtCkt tdevewerd a, 
leasttwo endothelin rosepCors.mdudcnoA CEI-and 
В (ETB), that subserve roiokwhytdiffessn-Ouienioi-s. 
ЕТД receptors bind HT-W arid ETTIwsEctusO hgtrer 
affinity than ET-3 [61]. ETA stimulation leads to 
vasoconstriction, be sonwrast, ET, rcesperns bind 
all three endothdin-witiB robhzebydtArliffin.Aes 
and mediate vasoraOxctiou as waC at clearance zt 
circulating ET-LOfmCoccst- ipturnan otET-d (nel- 
ativdy selective to ET.secepinrrCrcrul-s ,b nstocou- 
st„c0on|62|.BothmcepMrs„,aymzEtrtax,atl,(loa(,b 
hypertrophy and fibronsa...........................

The first widely erudsydandorbeto rccopttss 
antagonist was the duolcndothdurrccspior anrry- 
onist, bosentan iTraekcr, AcOcdo„)t Bosentan 
demonstrated an acme, h,gU(n fbverabls Те„ггх1у- 
nannc effect rn paE-h-OeEhtb bOsoh,chтarife,luse 
163]. Cardiac nntpot was ,„preyed and OV fflbng 
pressure was rednyd. H-Owener bosentan ht-o 
increased plasma lenelroO УОгО-ртО*^ тЫ^ 
mg the clearance of ET-1 at ETB oTeptors. 'Псе 
consequences of this observation are not certain. 
Preliminary animal cud hennasr render rog-cikd 
that there are short-term benefits of bosentan m 
patients with heart fcdzre hCOi wuc kotowed euc Oho 
REACH-1 (Research h„ EnOothafn AnOifeniST, on 
Chronic Heart Fa,lure -shti - a nshta-ceudt, yne- 
tiomized controlled teiaiconbihnhhboaantan (Cnsget 
dose 500 nig tw.ee daAWtHebediym paneuAcwhis 
advanced heart failure (NYHAIIIb-IV,LVEF 35%, 
e = 370). The studerd™»!.ini Шuvmsoumo an 
d„ bosentan group rcyecndmwnb.ohtirevttmgheaor 
failure during the fad Etrsd oiegroupm the first 20 
days) and was ternnn«ed.prernatnrale asa mredof 
an unexpectedly hr-hir rncshcnceoCToterdependebt 
Ever function аЬьогшЛиегт.асПст Ле buarntan 
group) 164). Cliiiaial Ьafrttte trecr nOsentodm 
patients who recenffdche SOt T monClis of raoe 
donnzed treatment wtthbosentaUcThsREACH-f 
data suggested the buETlhesif dea) despite u polar,- 
tnd early adverse effart n-m., тусу Лье, bwseoTrn 
may trnproye rnorbiUsSyyrd „orSah-yArarcsh-h 
the ENABLE (EndnOrobaAntnye mrtBoocbtsnfos 
Lowering Cardiac Еу-пОс inHsati OarloraC ItsT 
(NYHA IIIb-IV, LVEF <C5%, v = 1 y|S wp^. „leno 
ducted to comparebo serial. (larger dona ,f5 mg 

twice daily) with placebo in patients with advanced 
heart failure. These two parallel trials, ENABLE-1 
(Europe, n = 750) and ENABLE-2 (North America, 
у T17fOE Hida comirmrO.o) „оС^ rrTafaldy, 
miTaztey nooneraii otortalTu eanaeSrubtE Oocany 
tcntberafy|65L Tdesutvival cnteas ac-ainhrtisssA 
0”'“ msc see» » RE ACH-i. The studydemoue 
.TntadACnt) oaMttrniuenmlfctr,gecad tuTuseutau 
hchfloTfd weigh, gnenfrhm adeofe.Tnтnsad^nat„, 
os ruT wsd water reKneazbwnhbosadlau )s not

11 1.1
ana- tthpearstr^i , d ,

OЛerzl^rlтfchdrecчOonlby„nт-me„alCUdUtahu 
been tarred nednncal Onials indude tUyi dual TTAf 
ETB antagonist enrasentan (SB 217242, GlaxoSmith- 
lCluaAlllat|.U!,tlOrl.eclialcenS..T!th.eaLrlleT 

TT, rccaproc cmaguhids, sitaxscnranfTBC-e (2(1. 
1038001». Brnteataotoenl. hycuoshCai, ShU- 
135252, Abbott), edonentan (BMS-207940, Bristol- 
Myac. SqylbEL aaC ayiho,se„ecn tlft.s • tosuaeex. 
Myogen) have all been tried as potential drug ther- 
Tyy tor hesc-fgg^re.Hoe—eetr, UlhnH1^1.^..^^ oeoHBts 
Scout Phare Utlll sSudees onarraseuCca fENCOR 
lebjianel etar^nmu ПУТНИОС toPI) „dtchto no 
derna al benefit. n tbo тте <^0.™ Sdre wet 
a strong trend for the drug to increase morbidity, 
ano sca,tiacre„odeUug wcnnot prevented t. с sf 
close wiUrsu Che 0 „опПгооГуТегаеуТЬе rasrou dn 
OheTTa^euftlcstlnig.rlTTasthTntiUnln^etdrTapirin 
Tadsas ainrsih^ dohdgOtd oftahb^enthacbosecu 
168). Zun^,ct„„г eez_ot„„Hn <VdrtrC|WstcOni<i, 
au lntrnvuoohr ETh/ET,aneagoint1, Un»uPeusws- 
ttth-waposedtun favTCoteiahamoTuammic cffads ur e 
series of Phase II studies (Randomized Intravenous 
Tcsocnnn.it-ge.dks.eTT'Z UHawa-nt. dlcvpoma- 
mg oesTtsbrom V-tMTAl (Vatoa eh Euhodydin 
top-Ft1 ne1taonrrtУsTuzhтeprlmzr^r„uteHleanr 
Fa,m,rC(SCunel)^l cspesyndno saahsUdaClye-jmff 
murS(hЯeeenc!srn dcenussnr dfCT»»bAdoh,Oaatlo 
or Tosynusa bear, fSOeoeat h „г ЗЕт-п., ос ousr- 
yt- EsorUssT. «4 months between Eiuro resxrvnig 
TTy.nyOhcayT»p0«etio1hU(i t

On die other haud,tUcreace wehcraaitt^ dot, to 
csPUure chn "-- bosentan „ pafedtc wish pnb- 
mo„^irh^ryUacMs,nnlS(T) |ОС|. Tooeolsmt.Aa.e,- 
«cwrlynnprrves exetOT сарептуи syooptoTeCy wtS 
ihsic-ym at stacm „TOOentsThtTS H RosnC-aldoT 
lnme-sclclec-ufcs uC.Eutentah sc „ane„Sr „7th 
pttmasy psTrnonaoy Ьу„гПс1сс,оп (СРН- have 
established its long-term safety and tolerability 
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profiles. Bosentan has been approved in November 
2001 by the US Food and Drug Administrations and 
registered for this indication. Sitaxentan (Thelin, 
Eneysive Ptarnacpuhceh) is, alw srntegoing 
approval process as l-H therapy, but aPdraneEstodA 
“ currently underway to es-duats ,to potent,at use ,,, 
die setting of diastolic heavt Mure.

Neutral endopeptidase and 
vasopeptidase tnh.btCoas - ,
NEPs are ubiquitous enzymes that are responsi- 
Ые for degrading narnerauan^tpCap inclsClng 
bradykrnm and thehomUcr-regulataryn.abiutttic 
peptides [72]. Natriuretic peptides are cleared from 
the body by NEPs and ba c-recapuoro (henzance), 
primarily located rnthe bkuchbacdttsnftbe bd-ey. 
Pharmaculug.sts heteteenstual that since ebdtptue 
nous natriuretic peptides have a favorable profile in 
hypertension and he« fiulyreoCetadintanStdr hegre- 
daUon by mhibitionolNnPs sbould seauhmdtghet 
plasma levels of thea dnptidns andreducndblool 
pressure utth a modess natsrniecds satd limene 
Prototype compounds such as ecadotril and can- 
doxatril (UK-79300) aunt stmtladan slta eartptdhd0 
and provided prooP of anncept...................................

Vasopeptidase rnPibibat tVebtnPb.ne)kneOnd. 
molecular compounds lhat паЬкПиПгнЛ-Ьрса zms 
meaalloproaeases: NEP and t«Ps. Vasacanbhrse 
mhibitors attenuate thn Sormatinn 01008»»™..- 
11 while mcreasrng endhgn„ous meee0znfnasriures,c 
peptides and bradybnin. dPs oitilse) oyerpmao «.th 
easopepbdase mh,bunts dataanczalty ooa,tn^e„t 
that they significaiUlp,lowbred talssnO pressnreand 
promoted a „odesrd,ufet)aedbnftrmrИ,ceffbcC. 
The development vl bmapa^lkel СУалЬю BnatoO- 
Myers Sqrnbb) was anaUstblstOnavelИlsallbntar^et 
a hybnd сотри un„ tbmhtЬltЬnebЛCEnndNEPr. 
The added benefit oTprofnngmpenmrtsa.sennlalory 
natriuretic peptides, in addition to a further reduc- 
dun in high blood prsystne, asd. „nnHeU 
and diuresis,inclndesthemhibtUon barhssylnpao 
thcnc and ren,„-analotz„s,„-rtPofterone чШепи 
[73,74]. Preliminary data from IMPRESS (Inhibi- 
don of MeaalloproteBee hy Omapaheku io a Ran
domized Exercise atat- Seenplom. SOudpl RSl 
suggested a very favorable hemodynamic and neuro
hormonal effect In psaem. vneh tens Mum. baorf 
on a large dataset that demonstrated both safety 
and efficacy, two admitional largd studies tg,„ 

conducted: the OVERTURE (Omapatrilat Versus 
Enalapril Randomized Trial of Utility in Raduamg 
Events) trial for heart failure (NYHA II-IV, 
EVEbd30e4,Л = 377ht[nhl.st,dd.eOCRЛVE 
tOdtaltntrl)blCmdlhnnsaPtarTleadaкnt Лsтesllnant 
Vector Ыа1арт1) [hOt bnst fm bypttenaiohs 
Omzpafsdaa was aahhtbted w,tl, al u„7r tab of 
wpsoernngheart ta,lueeanO aencl rnspaianzent m 
OVERTURE [76], but showed an increased rate of 
hypnOnsindaod dizemmszri. Morta^td was not Sevor- 
ably influenced by wmapatrolal Altlannnh tttoepa- 
tnlat was superior V enalapril msyzZodo Mned 
pressure reduct,on „OCTAVE, mgmeOema isar 
rnareaaed es nat,e„tla^g„sntno„apatsmmatra.a/at. 
ПСРГ;»"? o Лfrtaa^.Jrmers^pns,aa.Зa-bt and rn 
smokers (3.9%) [78]. The OPERA (Omapatrilat m 
Petyo1^ wads ainuKeu ec.r.ii dthcrooclefotlc 
bOd„^Ston0еаm a Pase etsids bаrlg„ad tn ehnesme 
OraaafsSyadnefficaaneof omapatnEatmolder paZeme 
wrtO Ptpoe i tnolated sosaopc Oyhcnanetd„ [79t . 
sntt »as,dlsc1tnt,„uenduaMpont aosotl„rne 
ОтпраВЛ! иЫ other VPtr |UelareubhaeOngPlno 
Ю be approoed for hopertensinn or heard Шпеер 
Meengtlfde. aumnnf dna) HUs NEP пЕпЫИп 
dadhntd ZSPVdM Zoen^t lsnrpordbbto sullunder- 
going Phase II trial called REMODELED (Reduce 
MOPsari^^Ddatation arh attagernzm ht hc 
Enzynte-inhibitor Daglhtnltto,hetHrmme,«r ьокрр 
dad OoneOttrn mycost oemrstetrng in patesC errM 
heart failure.

Nova, antitadrenergk toera^es
a1ba,rmdtne ngb.sotte„stModom Eh WMvay) 
s„P rPmemthhe are mndazultne-l (!,) receptor 
agl,„ptrthvt -ow erftVrnhfoU -arnpathettctraffic 
from the central nervous system to the periphery 
181,8^. Shape-actnaomon.emntde ,s mhptgreae sit 
htrspe Ban antt-hypertenttoaagsm, V„Skrrhi„t- 
dme, a mixed agonist that stimulates both oq and 
At maeyghr, mbtonfomne lea ta..d ^tnP1 „tafte-i 
agomst. hbesefore. mmes fdae atdedObetsoe chant- 
dme, such as dry mouth and somnolence, can be 
.осЬ! wldt т.п on ae-us. The nno„ly,rf,t1yf гУ„- 
paaheltcltgpom systsd n, poS.lPad »,tbneer,Sotl- 
«s^1»)tStpgd taegus th-Oe», bfmoxonlnme. 
In order to test the hypothesis that moxonidme 
wouldlranc [l&™aЫertfeelonvanr1sid1tpectn „rtte- 
tality in patients with heart failure, the MOXCON 
dEffert of Sustamed-Rdtease Mofogp'iliat nn 
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Mortality and Morbidity in Patients with Congestive 
Heart Failure) tria5waodesigtied 4nd conducted 
[83]. The new sustained-release moxonidine prepa
ration „as compand- ylanebM m о— tin 
receiving convent,onal therapy for hear, Ытту. 
The trial was stoP[83 cetin nthan the D.-ita "..*<„ 
Morntotrng Board no-edaa early cgtarr,ve noniXer 
of deaths m the moxomdme annt of the t„nt. 
Subsequent data anotysis rnhaeatedthat tnoyoaat- 
dine SR. the preparetion ufcdn-btn MOXCON 
t„al, „as associateg „.da a very аиПаИеХо! UO1 nt 
plasma „orepmephr-ne lengls, aon.afuues uytn 
SO* from baseline |S4,SSR. Thart re tXe puns.b.hty 
that sustained-releara inaxoiudrnewnt dafrnnfvtai 
because of ,ts propent,ty to ovet-gffiaUot the aynt- 
pathetic nervous system. The observations from 
MOXCON provideda firtt glrntpre mtn the posd- 
hthty that there maybe ttemhto tltenoncept at 
comprehensive neuaohorn.ynaa ЫосУаПт Baaed 
on the results of MOXCON_ti,d t doucoutidug 
safety and efficacy slndy, MUXOE gMoxomgnoe 
Safety and Efficacy) [g] r -nvefboatorr h.evo recom
mended that for paginiid -to-receivrng moxomcdna 
for hypertension, the dm- fhotcCd no, bo abruMtlo 
stopped, but that «и-гооИОо --pared [86] rnoatai 
days to avoid a rebound hypertensive phenome
non. The future of eemr.tho r nlto0 pampalbdhafor 
drugs for the treatotnntof bead OaOuaerernatus

.......................................................................
Them have beeuolher otPueUi todevdopanbe 

adtenetgtc agents „Ule dovd rargatSi darg slodics at, 
dopanune analogs rorb a iboparnme have ra.sed 
hopes that these drues may acdnyo nateeUoiarunte 
release v,a ffie mlnbtbo!, tl poalgangtiomc 
syn,-pathetic netvet and ,0-1X0^ gangha [87[. 
Bromocriptine and itg vaicoler dopamcnecgic aOec-t 
have also been studied nt-he 1П80р [SSliNobonurole 
CHF103S Chiesi), .cn aslasined, .атппМеьЛпа 

denvabve, ,s an oml ecteOiut Упо-оосШ .tlri 
dopaminergic presynaptic receptors and a2 adren- 
etgic receptors T(o nmol eotuM-tet nrodeced 
improvement rn >04,0x0™ atd exer-tst ersi.aeiO 
„nhoutarrhythmoduna?,dec^rcfrmrila]tenrtnti- 
ies [89]. However, the ECHOS (Echocardiography 
and Heart Outcomes Sind-g аЪеоууг! ng tnocfficaM 

between hotoubsolehndgraccЬo,n hoep,- 
talizations, NYHA class, mortality, or 6-mm walk test 
betweei, thegroups|de|,daxepeh^ogtaeсariuebtho- 
siasm for this drug.

Cytokine antagonists
The failing heart has been known to express the 
inflammatory cytokine TNF-a, which likely con- 
hibuon id leupdtropltyrenodelmgandSeselop- 
mentof nardlo^oeeldy.|Пrnrc hebodyuf ateditkine 
snyueslmp tltat TNO-» tc mrportane tk fee pdhtn- 
gn„“s “f t'd'" “a" [90[ graitcoie-ddh gcud 
Сайте dcaelup proarafftnclnhlgUcr iendsof TNO-u 
aatlDn ao„Pteto„s„dgsebf[9e[9Fl.ThFre it umne 
mgtnteferny Ле Ьсуп-осгинЬ of n-ad Cengs thas 
rnhtfn oytokmes, -rnpiortnna ntednatnca of anOaim 
mation [90]. Infliximab (Remicade, Centocor), a 
cdlmnim (ondme/gctnanC. „mranowobnint Gi 
moaodoi-al атПЬ-п!» agametgNF-o ее „lOcly 
med to tr^at ^.negao ”“h s ga“= e«- 
thuuniutoiyaretatin acncrcepmu„n/d, gamtmeg 
Amgen) is a fusion protein that is widely used m 
wab^em. „etgrhenmanolU «оПо-П-о Hscagd0 (. 
ncaneneУ tc rn№,t еhemactro-TNF-t. EraOrndneg 
tu.euea^anng INFAr Cdns h„„-mgnsmteranttиl- 
widh ten e-totd-e memOfeneabomeU, ^ec^pfot. Icf. 
tonaoty dB-t „ng ortmenootu„^ both «регппета! 
n-odek agd nt paUnis „nhhead fa.lnaewcre 
strongly inpynffiva of ffie concrpg -gt TNF-u 
пгспОпЬпСрг cnffie ffivnloyment of donor frniorn 
h, ctdanfiO-mdv^mueal .пуЬе-у it-tagon™ of 
^Ftd„nbtea«rceotmascssbtn,tcdaotUoЬирtn[e 
myocardial and clinical improvement. Based on 
tearo ]-bsnrvations miyt cghted ronOomiznC ^<-f 
trials; RENAISSANCE (m the United States and 
CatraOaC cX RBCOVUR Co- Io<--gn- an. .fooa.t.c 
were conducted. I[<<. ГeУd-Od. ^dfeЛh OP-p^ 
eeporotdn xn combra-ed (as IA.-S.KO, „ Ron 
Епоп^хоР -Obin^eo Wolld„ldeEoalUaOon-l shd 
no- h-о» a rn-affiAty nr „ydeh-y beeodt ob пГрь- 
e.anp)иneamigрЬotenaileeto.goengm--ign^Xс»»S 
therapy [93,94]. The Phase II ATTACH (Anti-TNF-a 
Thcaic hgnnh CHg) grnny ..гшп - п,ИетпИт 
mtgtrre„nn-nffit^onnOneГLdm^ndtnUnmoi,slra0^d 
worsening clinical endpomts especially at high doses 
lig.-lal.'-era rn.eol! T i, O'l.]a l.-|-•. ,l-tlll.oH'at't pel ,. 
accdynntd» sraegins havebenu „egclPadeiiafon. 
bay tte nXtaedtely adar. irgc tag of benei^e gettybe 
related to inappropriate dosing, partial agonist activ- 
■ai-Of d)anenP"d do-cdyigg t-eaaog -rid dariynr 
rgPg "»„ auu^s aS -leidUobyde ,961 (a poUx) 
duneat и**»» ainl 1оМп.и1аПте]г>Х| (п^п 
used xanthine derivative that blocks TNF-a) are 
b eyigcciisidarnsl as potential rhernunutic aNhtits.
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Sodium-hydrogen exchange
Sodium-hydrogen exchange (NHE) has been con
sidered a key target for the treatment of heart failure 
[98]. NHE is a maj^er^cmuiiyuformKiceUudr 
pH regulation most cell Опгиа.Мпхор-ег have 
ubiquitous NHE-1 subtype, which is a major con- 
trlbuwr to ischenik anVremerfa.mo „pur,, s-ae- 
“.“ ,he Р™“У PHSEl-g" °f mtru-ulSul.ar pH. 
Therefore, NHE-1 „ЬгЬШ^Н -larked csrdro- 
protechve e-Ceae dankgrsehem.a.undnray Eeli 
chronic такаТарП-ре и,роеар11П rerrrydelrng and 
dre development of hoeal faiforelWMI.Kaoyrare 
that NHE-1 may even reprehend r pomm-ar doeen- 
strearn mediator foretyrousmajer trodiv faHora ry cl, 
as angiotensin II.ET-l.end.„0.--^  ̂tdnepfor 
activation. Amiloride has NHE inhibitory proper
ties However clmiraltrial-eco-am in zyo.aosivr 
(CP-597396, Pfizer) and cariponde (Sanofi/Aventis), 
both new selective 1 of NHE-1, havr noort-
edlybeen halted. 

_ . . . .. tOral phosphodiesterase 
.(PDE3) inhibitors
Cyclic nucleotide peosphornesteroses such as PDE3 
degradecychcnncleoddeSpTiresauOrerefcireimsor- 
tantm cyclic AMP (cAMP) and possibly cyclic GMP- 
mediated signaling io carbipa rnOeaveolavsnmotlr 
muscle myocytes. Nora-uhy. aAMPpho-uhoryOeter 
vanous proteins (td.probean Oma«A) Am or hum 
phosphorylate profornc ta rnodulbge braeutry of 
Ca orto the coc-pade apparelne. DragatOot 
mliibit phosphodietleruspr parse rAMP kyutp ksdf 
,ug to enhanced mvtsopio ami easoOdafory e-X-ur 
that have proven to be useful in the short-term treat
men, of heart failure and fe„rrv euhionmySry011- 
tension. With long-trmr enO heoue, ^усг-ьи! 
PDE3 inhibitors increase mortality m patients with 
advanced hear, failure (NYHA,in-lV, -dpit Io 
dte PROMISE (ProrpecOme RaoPomirtd Mdra-ons 
Survival &aluation)triar formdracbne -lO-and 
the PICO (Pimohendavrfra aupfoatrN Hpae, FeiYoA 
trial for piinobendaiilVeOonPm.AbboaE .1020^1» 
presumed tl,atconnmlel!Siarenlsnonb>rtЛn|rPyam 
be detrimental due fo rddeoad-rnohu-hmris, nod 
overwork otthemo^ra^„lcslu-rnetunbaavetmecOr. 

However, patients „пегьЛи^тоОнагеЬрапЫ- 
nre treated with coueuetit-ul ^htpektrs oavf Dau- 
dose pimobendan foerap„s”„N omrotyumant to 
morbidity and mortality [103]. Furthermore, therapy

with pimobendan facilitated initiation of carvedilol 
in patients with severe heart failure [004]. Pharv OS 
studies with the PDE3 inhibitor toborinone (OPC- 
!у90, Qtsuka )aremprogrere._ ^

Esmxintone (MDb 17OO3, M-ogeo] if an amOy 
auiioesekeUpa PDEhrndiPifor. ЕгкртХгтопе, it 
“Р"-’ eallO«^«.e<tUЬl-e(raethrrncrearmg 
the levels of cAMP, thereby increasing phosphory- 
-etfou of yarfoes p-nt-tu. Pmo eegtdttr Cib- enaik 

иИет.Еоегетоете fro- h..deto_strOtaO in drt IdSOr 
pIooo said, oot analog pierorneonp. Booh Orugp 
m-npHstaolurmuraotrOt pitt-ye mo-yapr- oroptr- 
d-s. Hnotevoe theaaleo riushdhs.er, up were 
emlouemodnmu and sre PeOeyed Ks -ncreave hrs 
potenbalVvr a^sunu onrr-ddy nban nerd koave 
lusm.Hbwuppr enooimono up suf useO io some coen- 
l„es,pan^y Franee. h-earit in orst eoofcnione 
bar been er»o^ resnrreaxd Oy lha оо^Ыо- Or.ro 
the concomitant use of a р-receptor antagonist 
orf raornmoi-- may offeo wsvo-rOfax mdvart.eyer, 
T-,s^ii/otertpicrespo-tse^to сееетоте la padeno 
receivmg [3-adrenergic blockade is preserved or even 
-ihm-ved, tbs „„maim anra-m.0 affee--
rf Id-blockade and rioЬoHmo1eо Be^a-Ofrekrrr and 
xnoxrn,one, when g,eencb„co„ulebOy, rnnyreOuee 
bhc up-regulation of bVr-mee--yG|,i protein In Psoney, 
the favorable effects of enoximone and [3-blockers 
.,„ uodnim-nW aodhi—n AdaiPoemgi on™-- 
might be used as a bridge to [3-blocker initiation 
„ pabems wt,- „,iofs elhgnase ba Snldlerau, Ur 
11-OldvOerOiereB.beiiauseyraObeneeOherr]failure

The Phase II results from EMOTE (A Phase II 
Rendsr-1,.^ Dombk-Bi^nds Pta-bo-etontshfcd 
koraiM rtudo rf ОгПиероароооо rn hrbeunoue 
tad^^tIllH>eO^^^^S«OleЯs-SeasreaeаlSltsЬee„prr- 
unldd. Ayoudof 20„pa0-nzr»,th „beantBiihear, 
failure (NYHA III—IV, motrope dependent, LVEF 
(sane-1. LVEDD -„.f.uv. -t eVamla,-. co rem- 
domized to receive enoximone (25/50 mg 3 times per 
dayOwi^sur pkecebd. The prinnoo „nOpon--of-OEp 
cessful motrope weaning at 30 days was achieved by 
61rOcS«teMsi„Лecumimonuyrnue^etlhasnlmthe 
POacebroXealad group (no, «аЕЯсаПу ^0110x0-01 
Hoe-yen-hprewas ОаЬеьеЙ od lowwp rates r- daou 
nr ee-inmatnenof IVn-v-trnme еПетргт .utUUrangl 
9Oad^ypn„mrf™„-o enoxip-one g -Oh - Thu saftb- 
and efficacy of low-dose oral enoximone has been 

-AoaflmAOhaSe Ш Pr°rrami । 1nf,ndaa
ESSENTIAL (Studies of Oral Enoximone Therapy m
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Advanced Heart Failure, including ESSENTIAL-I 
in North and Sou5i Americp,and ESSENTIAL-II 
in Europe), and EMPOWER (Enoximone Plus 
Extended-Release МИорооЫ SuernaFe in Snlnjcits 
»,th Advanced ClaaontNOeanttadusoUTIaAmarlt^t 
these trials have ben, Ettrnunced, find oral wor- 
mone dtd no, „prove long-teres rnerbtdtOy and 
mortal,ty n, pahenWs «AAhadvaneed Oam drlnre 
106,107]. At present, dvese are no plbvr eoeeeoOrne,. 

further development of oral enoximone as heart fail
ure therapy.

Novel drug clusneswiOd peomising 
clinical develonment
Arginine vasopressin antagonists
Neurohormonal excesseeareweUAnowntocontri- 
bute to the pathophysiologaof hasralailurmalasma 
arginine vasopressin (AVPHavet oulncceaoedm 
patients with heart failure and likely contribute to 
progression at the stendrontr ttanoeb yealvohon wet 
V„and V receptors ,1,01 Aortvvrron oA tde nu 
receptors canses vaddcvesrnennn, pblrdit avgeega- 
tton, and attencodtrat^bec honreryee (OCTHh 
stimulation. Activation of the V2 receptors within the 
renal collecting durV рттоаее scdtntn anal toatec 
retention. Experiment sendees гпПооаГг dot OdtoC- 
ade of the V,. or VsrdtepOors, «lees alone ve m 
combination, result. te a benefit,al hen,d_d,ttnimc 
profile and less чгП^. ге„о0тпоеа1о1и11т8 
myocardial injury [109,110]. Based on these con
cepts, there has been t Smrd-aandmg iisleoesa Is, On 
development of AVt rtvepOd anSagvmtts for (tvt 
treatntent of heart 1тУиоа [l1t|. _

There are also AVP antagonists that combine Vla 
a„dV2reoeptorЫodVade.TheV| recApaorHvdkowh, 
in a post-mfarction model reduces myocardial 
remodeling In the maentnCTW CHFgttaateann 
Chrome ThempeUOdl„(vаed rfo Vampm», 
Antagonist rn Conoeettve Oeast FatlnreO smdyv 319 
pafients treated wtth foOespOs ЮРС-41061, 
Otsuka), о selective Vt vasopretr„, гтертг nndig- 
0111st, had significant „спОо seevottmedne Ю firnt 
loss compared woth obces» [112] Tolvnpl.ed 
improved serrnn sodrnn, keels, ai,0 VV vol oorve 
electrolyte „balaoeeaffedt hentodynam.cs vi 
worsen renal function. APntndie monahT wae ЗАПЬ

the tolvaptan grnnps and v[d%idrdU рР^Ьо 
group, a difference Vtus did not ttseh OMd s,g- 
nificance. Result from the larger Phase III trial,

EVEREST (Effects of Vasopressin Antagonists in 
Heart Failure: Outcome Study with Tolvaptan), will 
soon be announced. EVEREST hopes to demon- 
stmts tlrat liL-dosp Р30 ntgtday) r,^11о1п.арЫп can 
improv climcal onscorses in as well nt ^gdyyewa 
nr lemno» digeO AHPS fi-sateO tndO dynOprO ttorrn 
edy. Merdwvilea,emoeyincmio affdols oOootvaptan 
vndbwi Sngtherclasmdr ev theongorngnCLlO SE 
lnlulrlceneed Randomized, Deorbk-blssd, S>ndeSd,- 
cnnrtaUedS,udytoEvalнSztheEffectonhmgkmtal 
Tolcрp(en TiMets on Sdemrthcn.ennr radamelcm 
te ЯОцоВ wdh Heast OaVm■e)lf1nt Vdothee 
Ouala„■aefl„ft. laonaptav (серРюкте)» eus. 
rently undergoing doaee П оуЛ.а0<,п fcr tSe ttnie 
indication. i . _ r _

The benefits of szieotn1z Vn ent.egomst oml, 
uu souivcpOm (Vaprisol or YM087, Yamanouchi 
Pharmaceuticals) hvtbeen bvreseen mlheevieR 
rnontof hyponatrennt. ano vevesai Pfase П stoViep 
Oaoeboec completed Pot the szoIop hire odbeYH 
1lultdsleeailn . И at И dmr hih<ltherComyаp- 
tan oari bi ■ l.tvs as e onan mdureiirvo. 
Othooseleefioeyrcz^plаs_l.ntanon«S[dlS-121C63S, 
(Sanofi-Synthelabo) andVPA-985 (Wyeth-Ayerst), 
gro ako Tvnep testrf in Phase-H cll„1oal loeec fot 
hdpi^nalee,„el. И п. Пп^Г thee e^ngotllШeg 
useful m the treatment of fluid overloaded states by 
inoreeo„gfeeet„atezexzrerf.sn,he.s1zdemznllanonaI 
0dртide^emla[ promomte pemol»rvS ezl^,hl1nznl 
aed „праот^ caenne 1terCve1„al1nn. Hr. ihiieo 
cVruld be oseO rn eo„lde,et,or vr d1s(eed os om,- 
d„t toyp dmrfficswdrn^„(vm z ^80 eg ohrso 
dtogs aoe o^OTed fir AHFo on dserrne „.„Юг 
nance. Furthermore, the lack of an agreeable end- 
eonsv Vds oconkd derd o, Mder dnrrfisoonraond 
mooy of rltesc a>mrm1ndt horn ouriurng bssspd 
devn^. nont [114 ].

AdsonosmeV .■«etotnei olockv-rs . _
Лde.tnP1rle ip an endodeoonsve[oaa,ye substance 
whose action is mediated through at least four recep- 
torn pe 13]. The montpaaosScnOaeeepOnuuase typeg, 
tnbd, pgymote yasbdvortr1etsod anVtyoe O. germ- 
paoed of two 6uЬtyoesO2AaltO2Bnпhlelspsomdee 
vasodilation. In the kidney, type 1 receptors located 
on voerg1o,t,eelfta aorsent eesnogUrf eo fire ldЬolon. 
aid ato rnWerf ,o tbd oegOofida pd dlome■olal 
filtration. Whole-body fluid balance is strongly 
depenntnl -u Ле аЫЙу of onngkidney m „yunteVp 
stable mtraglomerular hydraulic pressure. Several 
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selective adenosine type 1 receptor antagonists have 
been developed. These agents enhance fluid (diure
sis) and sodium (natriuresis) excretion in animals 
and experimental motels of both Menlo,, a.

afferent arfeetoler dOadan Thdthgfnttrf- 
glomerular bydraulte pressure |115]. Th,s is Go 
observed in normal and eeebiatousltumans 11170 bi 
both animals and hienanatgeseeffeasafe gently 
achieved widioutmajoa dauiges so gfe|nerbbr fflara- 
tion. Animal studies have confirmed the location of 
adenosinetypelfAorerietmimmlehaiffbeiemsalos 
„ the ktduey Cltmesl red ге«0и mailhaesiinanie 
antagonists had „,„edreA*a.inireafli. sirnlK ttetl, 
BG9719/CVT-124 (Adentn, Biogen) m heart failure 
suggested prom,se |tl81.«khaeyas bCah mlirrpenen- 
aon and renal fadamiraaobeenmeraeqiavoenl. .

Chrncal trials waG 7rnt>Ger second-generahon 
adenoane А, receplasanfeemm^GGPdS (Biogas 
Idec/Medicines Compaiie)afeaeo andar.ay.Tha 
АВ-CHF (A Phase II Randomized, Double-Blind, 
Plaeebo-COntrolledp .„-01 Cemparrng Atamans 
Blockade with BG9928 with Placebo for the 
Prevention ofWcrsanng Raimi Funioon rn Pabonls 
wrth Acute Decompehsaand Horn FartnieC o 
designed to initiate this drug therapy at the 
Emergency DeparfmcitiWifd.the.roal tademnn- 
strate efficacy rn loBaidg aCo rnaDaoa af wnrtan- 
mg renal msnffio.eieey AcoGor hotel .ntrsvenans 
AX receptor antagonist, KW-3902 (NovaCardia), has 
shown diuretic prosel■bnaf.eamlpfalsivamaгaasefra 
glomerular filtraboa a aKe (GhR| end moal hlrenta 
flow. This is particularly apparent m those that 
were less responses to loop dirnehaf ocri Gob 
dnrmg AHFS, wberoonas 50% mroeaai is GFR 
was documented w,iB the sse ob HW-3902. bap 
drug currently ,s Berng testad ,n a mnta-oonfer 
Phase III trials program, PROTECT (A Placebo- 
Controlled Randonuze. StssOy of Gb enoehfda A, 
Adenosine Receptor Amagon,Pt KW-dgOZ for 
Patients Hospitalized With Acute Heart Failure and 
Volume Overload to. feorc •RnedpO |nsel on 
Congestion and Renal dnncbonR ctcbroa as афиша 
hve Gerapy to GureOfa in Oeaooieeeseeed heat 
failure. A separate v-pOo lookmg a) potieiilf. R,ha 
diminishing responto-to toepdiuectacs udlaieo 
be conducted However. neana of oeizare have been 
reported a, Ingh „Grind desee as blnckmg adeno- 
sme receptors may lower seizure threshold in vul
nerable subjects, therefore safety op t.ii's drog oloss 
has to be established.

Renin inhibitors
Along the same lines of thought to CNonferactbhe 
“escape” phenomenon in the renin-angiotensin- 
atrhaOaronosinMn Renin) rnrternt three has been a 
long h.etoenofrfohrfedenaoim al>„ec1l0ve so^a^s 
hto antopenwlr to blotd she nai^nmcem effems.da 
angiotensin and/or aldosterone. In contrast, halt
die elrs aommyntal offects o- Phy RAASah Ge „rob 
upshsam ponst of tloa aescademay oSferlheocclicot 
adnoe1agss for оапЬеа.а>сп1агроеГео0о„1 Weda -de 
tteaafs ftepo.Ghena-atBba^ l„hlchtre gelb 
knotyn опАГпОотв of гети orodeetignCc the росо" 
Ьlatyrepmseofctl^ra haG-op o.fp^asrn^.ranrn 
crBeity hcrn Ro»1,sltcamgAASЫeckaee |0| ta 
now. raalieod. there t-nwa Ьee„mn„o..aste„tpSs Oe 
lnnthcslze nt oral feteoher renin ,пГ1Ь,,ог |lte]i 
s„i!.iiiS.. gocnaG a non-pepatda „GBefoa nOaeuhi 
ahsnlscp,hnsera,aionesfffltbleeтеhfncd.Ansk„ee 
isqaioo. Novar,,sllmsdeen оПоопо Sr mlrd», Ge 
0-odachon.nt mgiofeurm l aadll io eoehbytolf 
anteerSi aitO.cm effeehve am.-hnnerfeatiRe agym 
m early clinical trials [120]. Aliskiren is currently 
bemeevoluaten in nman^nraStr „e1tioe|tte- ...hIу 
p, stahle eoheitfo »ithlaRpar)e„shei heat, faderO] 
РсПьО Ar ALQH- tahsk,re^OЬserhahodofHellrt 
theOera Treatment) f„el.,aiid ПОгсо Ш Л а-е rn 
ОГго plairnmg slager if rdh alamOi front hhOPT are 
encouraging.

Novel rteoaf clcases wish challenging 
cllntcat dsvelopment
Cnkl.um ОШ'-51*™".....................................
Levosimendan (Simdo,Abbott)is c tiovelcalaum 
sen-itizor devetop edin EuropoAatimprovesmyo- 
„сЬИ ...Ofo.e.i!,tywiUno.nV)nennaninz myocardial 
к^geзt.de„^nd |121-ОГЗП l^enaan bmhrlo 
tropnm.n-C in Ge „110^ еесП 1гЬпооП,еппоП,о 
exorU^’ecltofoЛ,u„eensnrta0d„iЛyrB,hcoha,te. 
me snpharhh^nOxpatiiadndmgfhe.-peh]. bal
ance of the hetr, | Ш-.К гаагт-гтС taPran^ohaa 
niareaie aa boiirerale.e.hAenfhg^«„0.0,1030 
оп-PG, p„d a 1-edpoeion te at fihmg pooalera. БЛ 
leynsimendae and ORfrtPraaat nlsosehonlefSafare 
mCibhore Onlt ртотте гаеаССаПот itllhofghdia 
рооПооппс effie^hoanhs,oьe nsneaen0asto2 Vee 
aa„.e Rf BDE „ЫЬПеП Rt»|. dhh«ta Oe n„trod•a 
eeaeclsor lehnf^^nesn a .dse to PDO оОрЬгооо .or 
calcium sensitization remains highly debated [126].
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In patients with severe low-output heart failure 
syndrome, levosimendanisAiougRtto be more effi
cacious than dobutamine. The pharmacokinetics 
and pharmacodynanaar pat kvsainaanSan are W-v 
taghly complex a„S not well оаОеггеоаР.ТЬего y 
an active metabolite oCkvsstmendanbORmS96,Tiat 
has active motrop.c properOer Rog Л. d,s d.acon- 
tinuatioa of Ле allusion 1127„. The Uapeht ot mtra- 
venous levosimendfa act ttooSODO (Ltvoiimendu- 
liitusion Versus Dobutarnmo in ttvesc tav-Outsut 
Heart Fa,lure, a = 25h studvenhiiiadaRwatpak 
of worsening heart ПеПек .nod akaan- -naoddaSt 
than intravenous dobatarnnre ^/tocesuripo* a, 
31 days and 26% «rears 3Rlt.« 6 month), respec
tively) 128]. In the seVting s-5 pnimonasy edsnoa 
wnlim 5 days of an anRtt|Mr,s^,o-Mhrot„,tR.denou6 
mftsmn of kyosirna aaSna »ar_a%nhttrf euth. 
reduction of worsenvny hnatt Mate osttiroht „ok 
of hypotension an" trdaernaa wOsa compared,» 
placebo a, the post-Pnl! LV taOum stady RPSPPLAN 
(Randomized %с!и a, UndeSy and EffecUvensso 
ot Levosimendan io ponurtfo a-tUP Rnd VenbrnnSar 
Failure After an AehtaMHiiPrtOol tataraionORdyt 
” = 504) [129]. Leottkhaundan das Uaan арртееУ 
in Europe for the toeatntent oP Rw-aatRut heart 
frnlure prrnranly basey^oA_hata trod dMa UDO 
study. Recently the CASINO (Cakatmt Seonmznr 
or Inotrope or None m Low-Output Heart 
Failure) study was fneytoUpedd ht(tah asiPtm rnnuhs 
further suggested shea kvosupeadan s.gA.ficantly 
improves 6-month survival when compared with 
placebo or dobutarnkse rn paepaade with dscoaepen- 
sated heart 6tl.no [ЮЩ. tex-monsb tnunnthm 
rn patients „„.less,,,.nt to koarnnenitan war 
15.3%, while Ле rnssobUtUy auk an-Po .5“» 
and dobutamine groups wsk Or 7% an1 396%, 
respectively. Following has paorntiapo remits ot the 
REV1VE-1 (Randomized, Multiosuteo Ed.uRstion aS 
Intravenous Levosimendan Efficacy versus Placebo, 
” .=100) ,rial'.“o nhtusU-y’RmV t" р"*»^. 
placebo-controlled trials, REVIVE-2 m the United 
States and Australia (« 800S,at.„ gURVIVE 
(Survival Of Paheutn Whh Aauk Hem nusSrne lu 
Need Of intravenous Snot-op-a Vnuptstn a = EVO) 
trial has been completed and announced but not 
published. Overall, pabnnts trnatpy with IwoshneiH 
dan had less self-recootad Oyspnsn a- dap 5 but no 
differences rn dtmeal eonah r„ton rvevs Count. RPiass 
some-what disappointing results have dampened 

the enthusiasm of this compound, and provided 
challenges for levosimendan to be approved in the 
United States without further studies.

Сакшт traosient gRoduaamouo
rStSea drags that Up-p-g raid™ moetsosrasie 
include the calcium handling modulator, caldaret 
IMCC-lKo MotmCnsCMr) The presumed 
mndtamcn rfaaton of MdC-tSSn to emuivnocab 
Siton гопркПеЬу iec 1001^,1 уаттие. -SR. 
„оРпииа.рапапн.Лмсс.сеи.ОЕаа^Ноиеории 
the teamo-pera not .os iR-prsrsvoe ,u e vaMgc-ae 
PUtav tlntcdytlSl). nd leu,[Sol „УотоаПаи have 
been iHuouaced rcu.sabmg aha aRmupd-pielopHiint 
ofЛlpmtarR,andmtireOtclrh^wOaoeauena| . .

Rimoknhe StRumaa <V Tbapapetenes) R.ar omru 
ssHp Otoaght SosM dp-ueaeVail eraergg апррЬоШт 
m,2patam_P^esfcty2acsnstPsssK2yRpl,RefoO|Otsito^ 
desnam ng pV™ne ta,phus(,hi«aRURa. Cut now 
runutoPine ,r brnrp t»nohaeed as r tak sodaarnt 
tormitt tnhtbitor thaRt esau2urCi^roiunt ayerRad mdse 
htyoestUaeoPi to,tPcptsu huo asotursehomic оПсск 
гср^п,^™? biuah auhd иге „о Renn pttp atiPe 
effecto ptimmohk seen wiliaike rise ofiiapialitional 
ahtt-uohs„ue scents ^«0»,. рюкериН-ОТ tRhrr- 
POR (hValy Уру to ". «uhurn Ла-те! uHadcI have 
«огцрП upnhasm-y ogeacsH крепПти e,r rnftoo 
"гоГСк yf tlnta tompaand1 n0^^cPuto-rh„H2Woe hat 
П2»>,[п aa^tt Orug Rent sound supare„,e1tt ecrd„n 
11c„l»yel1[s.lt ndUud „»»» пЬггпр к1uaP(uir1eo 
or bradycardic side effects. Ranolazme has been 
tP.ao, toiotearn dtet^uanqioS .cyeo ypadty out 
uhIha151tymlttnm.tree scnrwss.Vyraaapai.„ the sePa 
bnd uatOaomc ischemic hean1doeash [132g,он! is tu 
tie ppoc2kuOaeЛhn6errsuotatop|[bpproqyI Rs Oso 
ohtnaUdv fats ftetUh^ s„pins.A lsrt!e,„n0Oeh„. 
kr OPoкl|»uah intsebenous ta-soa^s MHSUN- 
11МГ 36 (MeCHRlm Ehacrency »iOoRa1„rtгine fur 
Eha.POiemk rn NnasST Ekpatra„ AatiR Coati-ary 
S1m0homes,л = 5500I ,hCIoneytlyь„der»ny-tSIt^ay 
theeffeekofnsooLlоnaat ecaУacoa„lterУcaadrontns. 
rn Ле snRsu oRarLiaa siystus^cUoa.csedaocclttata 
hs» aovmmeo that aannmne klaces .ЬоСп rnd 
long-term myocardial ischemic injury m various 
saiotal nttu-eU |133--ОЬ1. ta аРЛМи earip pattyimr 
сок пЬ^П0|«1 «Ptuno pvpt1as UPdato af uattktiaop 
ht hie rnrn.pernent v5eo„asrtlds heart tailare OO^l 
Vepso is hope dtnthmu mope pn„h .„oc, dayPa 
developed as part of the heart failure regimen.
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Immunomodulation therapy
There has been a recent shift from targeting specific 
cytokines and their receptors to a broad-spectrum 
aiiti-inflanmiatory strategyOanisuxatstatlohof 
diephystolog.canlinaaammatbt.Aiioimiite геерих-с 
to apoptotic cells. TUic baa,a of Pas naiiel iuaOoologo 
„ the concept that nentoxei mt apyrtoStc tags vtfy 
logger the ntPhntty rnoadtttekeatttmatyi
rnatoty mediators. hyetoytetytodutahtrnueefa darner 
technology to extract a snath amount ot yataots 
blood and expose callalp oxniat.he elre-s(a oomOi.,.- 
hon met heating » 1» F.idhataolethgIm end ™) 
to render then, senescent The seyetxeot celts that are 
re-adnnn,stored to theyatfentintrantuacularSysubsa- 
queady undergo ayoptcmeEopohtceto Ftd apopy 
tofc cells accelerates tPanatthtt panuans of ceil 
turnover to induce a1ta„h-mflama-aSosarrrpo„sc ty 
macroptages and Iqmphoeytoa. Pralnoinary result, 
from a randomized, double-blind, Phase II study of 
75 patients with а001е1аоаО„еаП tallntetdeinimm 
strated significant redoelion sit moehediSy and 
mortality following implementation of Celacade 
(VAS-991, Vasogenl [.3.]. He„etaz resuhsfatmt 
large pivotal, Phase Ш rnprstlttu irnd f,ldrt,hllty 
study otCelacade. ACCLAIM (Adaauced Otruatc 
Heart Failure Clinical Assessment of Immune 
Modulation Therapy, ЕСЕРсЗТаЬМУНА Il-IVu 
” - 2000) have befy oncvcucod, aldacugL.there 
were some indication of mortality benefit in the 
NYHA class 11 pat,hhS mbseS.

Other non-spec.fic ,mmuiton-oduiatory .tale 
g,es including plasnnapi-eraete and mntioitogloholito 
,„fusions are also U„deHacC,eet„e«,galiot,s.

Xanthine oxidase ihhsbinnon.
Chronic heart tainos ,a asrociatadn-ith hypea, 
uricemia and elevations m circulating markers of 
iiiflaniniatiou »hicXafier Iransialesfspoar preg- 
uosis 138,139|. Achoation af „rmthsna ox,day. 
through tree rad.csl rebase, aauaa IfnOnnytt unU 
endothelial cell achnkhAe.O4Tinn.ul a.eai.tOrne 
oxidase mfuhUor aud the metobohe de„oa„nc mt 
the gout drug, alluporrnnk atao am ar hyd-oxys 
rad,cal scavengers, andhetp lu -eclose enOnlheho, 
andn,yocard,aldy„(iytyhonll40l.EytlupaaoAae- 
cuncept studies, EXOTIC (Euroyean Xmatbue 
Oxidase Inhibitors Trial In Cardiac Disease) and 
EXOTIC-EF l'A,ili..yaiUi'lh\-aPra.cOpa,,na ,)!..
bition on Cardiac Ejection Ouoetion), demoiistnaeed 

improvement in cardiac function following admin
istration of intravenous oxypurinol witCouteigEtfi- 
cant safety concerns. Recent reports of the “La Plata” 
sredy ou or al AApooiaAtShoned tig rnOutuat 
mrasmiernant u LVe-ecCHstracOon tSS8 hoysof 
follow-up, but no significant differences m 6-min 
walk tert car silts. TIi-pivotel ОРТ-CHF iOxypaeo 
nepTae-nopt0-CHEs rfi-dyTs de-lgiisd to dentoii- 
y-ale tieeaSfirocy aodsafesy ot упОипурипио! vt. 
yiaeebn.in u omdanuzod, -Auhk-nimdy2C.feeek 
taalntMit yutientnsn 01.0.011 aentoHS.ThsOFTt 
CHdtaal haoU™hetlf„rhaa,ekty,^neemba-2OOa. 
snh She yselimtnary -u-oiSs Hd not thoA any m 
vival benefit m advanced heart failure [ 141 ].

Novel hargetseaf hherauy
Modutationof vattyadd and ylndoae 
meyaba>i^om
Me.ubnlia modulationhas longbeanconsidered ta 
toe a jtolentia1 strategy in heart failure therapy 
Umt-Uhi- shoprmoeyrabsnoato ofdtoheactis 
loiis-atam tody ache lobonlASSnisS, „ainlynrlhe 
Aoet uhokata and palymase. Tire he-ytt viv» nehi- 
lottc ,s d-e uttaml [harna free folly red coocestre- 
tions tahytti^pCiPr uaf nxidelian rncreaoss 
prepoAsdo us Ле огахох! plfsaif aut.CAetr.doni 
High facf .01X1x1-1!. nat taan reducr uahocardml 
ethamuch hy ,n.creas,isp„tyocard,al yyyynd -ouch- 
mtndH aa the settrng ot irehemta end tos-,pathrtle 
opeaashaaoaai HIH. Therelore, nan1al totty acid 
Aodohon txtiOX) ixiaib-Oonsoanur ar aproosiurirg 
target of therapy particularly m the setting of 
■toOeoifc cartitomymenirlcy. Etaaaminanonaal drm- 
AeusHopiyose ffevalenr.Sl,ln^.yS, wh.H ta„H.» 
svrOelynsed oulnde Ear United TiaEOi ,s ail ткЬ.Юс 
of the Aug-cha.», aauv«y of teOayraayl-TaA 
thiolase, ftauetaredme tOOmp 3 Indies a dayl !-o. 
ireca yTonot to „,paoee1onatlaпtt W ai-toPc and 
dnastUfc a-iucct».,cm,tild„,„ оГотпу т-ИЬ,,01„. 
anO endodtelirl AuchcuwhAr сиаауа^-орЬиЬо 
ns раиат toith .tadom^c aHhinmyoyoasiicntd 
[143,146] or without diabetes [147,148].
, InOlhitor. of carnillna atTtnylo^-cOa»rf„reap i 
ICUA у), the key aneymo Uao the teanapor- A locog- 
chern arl-aahurimaA (acyi-CdA) ^„0^ into 
citocl«>„ariai hava.been dey-eloped ao ayealyfoe 
Efieliny S„pe2 diaCetns moh-Sna -P91.dmd.0Ti 
that the CPT I inhibitor, etomoxir, has positive
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inotropic effects on heart muscle, were unexpected 
and can be attributed CoselecEvechanges in the 
dysregulated gene expression of hypertrophied car
diac myocytes. The hostchtciefltrial „ithemrnusii 

patients »■ th bean darlnte .hotted that etomonrt 
improved the duiiCtOsdayu. aad severaXparametcrs 
of heart function [ 150]. Putative molecular mecha- 
iiisms likely inyolvean yncrwased exp™ hl 
SERCA2,theCa pumpvhSRhndnmiyosm heaet 
chan, (c-MHC) of Cddmf bean needle |151|. 
Etomoxir could ako act m, petooishuse paoht- 
eaatoa acUeated receptor alp-» (ГРАК-сЬ thus 
up-regulating the ee-tessm-, oH varrnur eneymet 
that participate in |3-o»dar„, l U3d]. Howeoar «0- 
moxit research has heen hehed due he -ach hf effih 
cacy in Phase 11 stud.ese Whether newer cholesletyl 
ester transfer protem -С-ПР- n-detaorssneOas 
torcetrapib (CP-529414, Pfizer) [152] will be tested 
in this population olso rernarns -o quetti.Uw .

Glucose is a more efficied) Soel и-еП.сиМсЕрЬе,, 
oxygen supply is dnmm-hed. Ghucagon-hkapep- 
tide-1 (GLP-1) is a novel way to tackle the metabolic 
balance by euhaucrng mypoerhm-audhilrotmbotly 
glucose nyetabohsno S-yeelleU mctehut uu , gal itot- 
mones, GLP- is naturally ^*..1^» rnhsutoat 
endocrine cells in twaptincpel det]., mokedlcr 
forms, as GLP-1 (1^ emdea„rlGItP-l(7-d7) 
|153|. There has been seye”aGhumr„sSud,esrho„- 
mg potential benefits of GLP-1 infusions m 
unprovnrg fuiietioool е^аЛу hhbrnidng eudmdp- 
hal fund,on. a. wentniurp^uh cathiec net-dim- 
ance [154-156]. The PROCLAIM study (Effect of 
АС2592 Administer^ by СсеО™ CdbeuCeneout 
Infusion in Subjects With Advanced Chronic 
Congestive Heart Faileae] osapnoohofmonoepC 
stndy 111 patients witli аГу-икеО bean fodure 
(NYHA III-iy) usrnf a oentidueut .пЬспИгаопг 
mfnston of AC2592 ^Amrih„tdha„naeeuFs;sUl. Odoes 
potential strategies foe eddaueihg GLA-i acSeooe 
including long-achNYaralogs ^,«^4^
Human Genome ^otdstaurGl«v(S.n(liГmnetr^nd 

blocking it. breakUoteu dy dd>eytiOyl рерСЛею 
(DPP-IV) via DPP-IV inhibitors such as NVP- 
DPP72S (Novartis(, MU04ya eM^kt, EccoT-pter 
(Bristol-Myers SqutbO-, а„У oihets. Hrdower, mate 
of these compounds, however, aee.thln-i earlydm- 
,cal trial phases for dhabehc ипЬсгПопааиЬаге 
unlikely to be testedBh sire hnare Satinet nunarok 
near future.

Advanced glycosylation end-products 
cross-link breakers
Glucose and other reducing sugars react non- 
ТТ™*ТУ rnth ssdteiusCeadingtoOsformation 
of advanced glycosylation end-products (AGEs) 
пш-AGEederivri paoteio nrobнШlhGeg] hntrnabyn 
oW AGEt ,uo rtm„elp,leuslerdgyantt»cesal tehidstr 
cccclarateU unher Ore hypetgiyaeinro sod^omn ct 
-eaeOueE.Unitas.„,etettri cundt-mdt.AGEtburldud 
slowly and then accumulate over years. Numerous 
“"■““sm” ““-eh thae AGde uon^^ibuoe to 
thm paShologlcevetcte 1еа0т8,еаЛаЬте -<^1.- 
emmsrse including oonhuodHhGi taemuuethd- uos- 
culomehu oaud usueypadcy They may aha be 
onrortant th eente cnrunaco ay„d-dmeS] Ee^yat 
eherupenno uEprt»rch^o so peeuynt these oompho 
cations include pharmacologic inhibition of 
AGE formation and disruption of poe-formed 
enn-^-рго-о1псп»- lleuo. | IW] t Arnmel „odd. cud 
preliminary clinical trials have shown that the 
Ad;p-ndnЫtodpi„-eael^ioale.em„t1gdc^etdmsta-ol. 
Alestto) .^M the broE-tok breaOss. .elageUrnmr 
lehLT-eiH]Alte„).cseaMedsueOuee-heteyesithi^f 
-dr rnulbplu eud-rrultd uG аЬ-аюпсс! glyedruiat(ou 
[158]. These agents are potential treatments for 
gidcnee-detioe^odЧ,ilcat1oltгof O,abeles d„y oge- 
,„g. Drm loom tip m^ЛMONeУdlDe.teвaOлУSd 
ртриггитспе and Rrndodphuse m Duee-ec Heet, 
Pedere) errelhaye deon уе-гО-уС] m-,e„esaeao 
received alagebrium for 16 weeks m the DIA- 
MOdtDSr,aiAIртrleuceO a mped rmnuRdmg of dre 
heetr seobStutb rn a rlul^lcalle. -.„„П.-пее reUos- 
trnn тУТта» as well et a menked tmproyemaut 
„I dV diarPlUehllmgoNNSdlve reruiesftom seaemt 
PUasedt rnrh,eOorelAgeЬtsum „ythtdmgeits SAP
PHIRE (Systolic and Pulse Pressure Hemodynamic 
lb-urortemene у „«OHng mloshdew). .usd ma 
SiOfdErd l„y.tui.c ^eesnootsauyt lolerect,nn um, 
LeG AeMrlcuker Renmdehdt- ina-shaye Use heeu 
s-riEkee- U5a|.ReoUt- Oom -e patulld .ooemlebtl 
study on patients with systolic heart failure and 
oGehtohs Otiduncdm--tailed -yEDEdTm. ePaerni4 
ogiI. imkurod Ei-euon Fmcttdu. end Diomudc 
Dhhulhetim..bfc.ch.ed-i^aeetuTrielofAklheO-lionr 
wero utcteyeed ay eSio rece-sl bmotecad Heart 
AeoacdnmN vn^tdic yesomus -edU tltowod ttenOs 
eknsiserel with DlrDlOtUDi H:»fdeS]-ecet,t oate-y 
concerns have emerged regarding liver toxicity m 
nwle ,ssiti meated sA.- alagebrirnn, <md th. cl..]..„I 
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development of this drug class in hypertension 
and erectile dysfunction has been discontinued. 
Nevertheless if the benefits outweigh the risks, this 
novel approach will be highly promising.

Matri. MetalloNeoteinae<id Inhiboeoss
Collagen deposition lead.ng tomwreasedgliffi.ers 
can result from alterations in the balance of promot
en. and inhibitors MamatrMmatalloproSsimrass 
(MMPs) [160]. Hocnver, Ра ennsept of iohdntn.g 
MMPs to reduce coOnigeu dxpasinoe etrffers Irene, 
problem of using a Oeerapenbo targe, Bia, has 
widespread effects hhahivtcud bedoord ide firhnn 
myocardium. Recent results from the PREMIER 
(Prevention of Ml Petly f) oorlc reownot 
drat the prototype MMP nrOrbitoe, PGdloeOO Irt 
not show sign,deans bene^rr ns preenehne IrUl ven- 
tncukir remodel,ng^oecepIacepafMoEmg Rom..-) 
dial infarction [161]. This inhibitor has yet to be 
tested m the setting of ddisddhc henn eatlyre. SnremP 
nd» drugs are аРаготе. впстПегпО ete Onget 
MMP/TMPs tins ponufetto^; but uutd r red. 
spec,hctargetca„bententifidd,trr,srIgMngder„tants 
largely theoretical.

hCopper chelativertherapy, ,
Another intriguing concept that has emerged over 
the past few years is fheeoltof cotcer metabolism in 
the development of С1геееосас1о1поопаВ1у.Соореу 
and colleagues published several key articles illustrat
ing the efficacy of trientine, a eopper ehnltting agent 
for Wilson’s diseass.d, re.ershrg -V rrmrtddlnoi 
(predominantly regaessntn ofhepereropde)velhovt 
lowering blood sugae[ 162,1X31.11 wys airn shewn tp 
substanhally «..prone oard.omposytc phuamre. end 
to reverse elevahou eu EVooPagenand di „тут 
These data are believed to implicate accumulation of 
elevated loosely homed hi Beu medoers^ of
diabetic cardiomyopathy and to support the use of 
selective copper dnbtaO. Ore rrnntrnsut rf dri 
condition. Tins hypvtOfdis llnowbemnrenledin e 
new fomiulahou cf rctent«,e(n„aee dot nsnte 
Laszarm™, Protemve tao). EaePy phaee reposes пГ 
oral treatment wrth -1^^»-^<01- 
per excretion ,„ burners «ellsthpe 2 ЛаПи» and Rcl- 
lowing 6 months о1мте„Ь coaema slenaled LV 
mass to decline slgnoflfan(iotnwerdnosmai|tPC.. To 
date, trientine has beee wed- ЮlaePtehBop?1ealr■1m 
clinical trials, and it has a long safety profile m the 

treatment of Wilson’s disease. A Phase lib clinical trial 
of trientine administration in patients wilda diabetic 
heart failure with a quality of life (exercise tolerance) 
рпКьпгс e rurrentty mUen-ay. Inegne cCnlcat trials 
ere an th- phentmg stdeer.Neeerrhelesr, ou-lvinen- 
«ndnrg of ttdiv codeer еЬаЬпоГат.ю work пупгУ- 
mentxy; it is uncleaewO-eBcrrtwlll wdrkallrrldrihe 
setting of diabetes mellitus, and whether structural 
changes may direct^ ^shtemtoclmicsJtenefi10

Nlirk oxide moBufoeion
enane onrie a- i—mlvofed roo eodcthel-el oefn rvetd Inn
a wide range of functions that are vital for maintain- 
ong re ХХ^ioviisculartydsm.Reducad^inhic 
oaede ttnal^ hm been acpPcbtedn, thentihs- 
nnc antrpmnnmon df dhmfu^txhentrhpd-^. 
mduding hehrt tiulihe .tae.. nbefd„t„„rtraOonpd 
exPteecordirrttK oxtOeit hfippaebsdidircans pnw 
gression is an attractive therapeutic option. Nitric 
upapdonoo drugs rfi|efnane s пгрХП rncanu pb cyd 
temic nitric oxide delivery. Moreover, organic nitrates 
ewe been htfd for mana oi n ■ provtde ■d.-,.. 
rxn,ptomailerehei loom capons eaetons. Heptose, 
)«,«« have dentations ant a numleec ni el,b^мatrea 
nitric oxide donor classes have now emerged.
. N^elm! (№Ь11И. апоЛМуСхХ m aecw. 
long-act,ug, Itpophlt. fardnaeeleonae Pogdnecsngia 
receptor blocker that isooacil far trnaimg dapsr- 
teunon Europe. N lack- mher.te 4,4^- 
pmimehc anoe^ anddocsnot eatmdaa„tih аПен 
^^0,010,0^, iind nrerabotientd it drse mtiX 
beeodl1aOaap^>erOes huh „r athibuted to Us 
mteriictiour wtdh the L.argrm„e/l„mfoc,Cepatad 
wgi, whpeheeetdt. da нМ re imm oe „totory 
hal nitric oxide [165]. Recent publication of the 
ЗПМЮЕ- i 1П|.р1у on the hffepK rf NebivoM l.iti.- 
ororrau aw Оиесогиу. auh RehodprIaiiraOon m 
eemhndeehhHет-tFadnse trial^swedu.gnifiCinnt 
reduction in combined endpoint of death and hos- 
nltalizatюn on, lough аПр^ mnrtslip. deR 
eotrfsfhsmt,-ncaltypgn,ftwu,l dtiffmFfashctween 
neb.vodilandxlaoeeclt.rnn . „
.Bi^it -N,homed as_a new heepadlt-hn of two 

hИdnugc,lso.mrt,1hn diintmteavd Oyihataste.h. 
ircmotdlc. n Behvee. rninnoande ftomthunturate 
mocety end U-xrefore has the potenii.sl to nnpcwve 
ahhreen■hst -nng,on snd „^cardial ccrSonntencs. 
Hydrctazice eppeaes tn selrnd uriraic toPnense. ,c 
addition to reducing systemic vascular resistance. 
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Retrospective data from the V-HeFT studies sug
gest that African-AmericanAwTth h4art failure may 
preferentially respond better to the hydralazine- 
“”гЬМе i .r;« rospeCn.vtta, ttarnm 
inhibitors. These oonoepts havo been thesnbiwet 
of a recent, randornizetl control trtP (A-HeFT. or 
African-American Heart Fadtnre lhala that dernon- 
strated marked rednoed mortal,tg anti morbidity io 
African-American ра^КетЬ aOva„eedhoare 
failure when treated trithB.M eetousplaceboon 
top of standard thaeapn mvlukna|i AU: tnlvb.tttrs, 
P-adrenergic blockers and/dv.etdosOerone .ontago- 
nists 167 . However,thereio sttllnauwh debate 
regarding the eonfotmdfgtbotoia otbktbO proaruae 
reduct,on versus ttneehhoets ofmrproaiito mt„e 
ox,de btoavailabiltOy, and whether rheae tbearva- 
ttons can be generated entdenenorerbennfabnee 
population at large.

While increased evtaMty os mtrhc eahte reey 
be beneficial in chromebease hathfre polteeets 
and profound endothelial dysfunction, excessive 
vasodilatory conseque^emaga bvfrtmental. 
There is increasing becognmou of a syndrome teeth 
frankcirculatory col(apso,elrneo from dergeatrenyr 
MI, or a sepsis-hke presentation, which is some
times referred to as ss^oo etorot." lie tOeermOa 
trng, vasodilatory raempyaearty o maboroertgee. 
and vasopressor drugs sited am oooepmeoaemo end 
vasopressin are ofteveaqutred, LargaMC, cnenot 
catad by cardiogentoshdek.miet to aceoioyaneea 
by a severe inflammatory response. This m turn 
releases various modivtorr, mdudin1 coeokmeO( 
leading to high levelt of Пог1п ootdo andpurnvv- 
nitrite production with subsequent deleterious 
hemodynamic effear lnOvvbt у eocene aaerl case 
se„esofllpat,entsellLroar.r,oh!Иt,cehe1alcrenreted 
marked improvements fnltmning rnfurmn of ae 
nitric oxide synthasemlriLetot.VfCGr-monomethyl- 
L-arginine , H-i-ea or nlargimoe. Argmiax) at 
1n,g/kg bolus pluseatsЛЩ/Ь mPuetemfoo Oh [1681. 
Ou the other handoblookingettncstode agFetmae. 
may lead to similar downstream effects of other 
vasoconstrictors in —vdroeRg ео^ое^п “t^btaPOg 
genauon a, the rntcroomteaegsetegeOnhbnHOOtKod 
(Should we EmermifrlobLegnisubrete Oich-deb 
Coronaries for Cardioyemo Shoelt tr(aleaendase(l 
dose-ranging studyof7У|,alteete,atlO рнпгКи, 
cardiogenic shook random,zrd to foeesgeums at edt- 
ferent doses versus placebo, and found significant 

reduction in high-dose treatment groups (1.5mg/kg 
bolus plus 1.5mg/kg/h infusion over 5h) compared 
to placebo even though the overall difference was not 
smSs0^aeys,on^ca„tUCtPl((ПolsiegeLdSee aepevenl 
eltdiniintmvas rn FniO-mdrea bmheFDAon^-OeOS 
A multinational pivotal Phase III study, TRIUMPH 
(Tgmgtb„e AMfflUatecdoe rn o RtdAmtrnd 
ementadonaS Studym UnsOobbe AMO rtOsenKteiFh 
Cardteheens Sdock hm recondyienoomteedhs her- 
mntbnoLhevsen„,^ofeOioecyAS^,leh caosedoubt 
for its broad use.

Hoamonb and enzdme Sla^m^t
therapy
Atiderson-F.ibry ditaaseisanXslinked inherited 
О^ьг ofbatmbolismOuetamuhadzaas in rhp 
gene encoding a-galactosidase A, a lysosomal 
votymo .Ct] The onzasna—F defect teaOe,to ide 
tttgesse d^uat_bta,on nt decoirqa^leeelF mefoltol^zed 
alycgephingoltgids, including thueys, somea. pan- 
pheral nerves, and the heart. Severe pam m the 
eI]„o,llnei.Vay J „.I f yo ii onO vndaoruao retoaovcr 
don are ahe toadrng symptoms mpadeiitsweh 
Anderson-Fabry disease. Inability to prevent the 
Р'00'™ tv ^cosphlvgoetded Oepotitlots 01^ 
significant morbidity, often associated with sigmfi- 
earn inimocw tiisquA1^ b- OOe niaF Otrnuel-emd hf1- 
AH» from meh onset etspOue1lteesr^r^hF aod 
ртogrossee-lSega fahrne. oho tde".^^ рт 
mu„lo.or hemщ.gbns mods. However, ifere io 
ot^eognto eeotninob dray meeettreyyooe (ottmeet) 
fornMes nivvatm dotd1Rse^rdntpdae,mdn m- 
teons. 11 nno» mcmatzed Лт emirre pal^mbreoth 
eV ld,oer^gnt.^nan itefaa dave R((derodn-eFade■y 
tPosese t ret oi Howevet. ebmeosnol noed1Oyaoeal- 
eeleЬddoel lestto terdy -he durrse, 1utddeese ere 
uncetteoneeas tibmit wVeu Oeatmogt sVuldnntnerted 
oe evovdie laa^foroebenefifr oh Orie d,erapeett- 
s-m1aey OoateddaseFeta maЬraztdt1e.Ge„zg„e), 
have been tested in clinical studies [172,173] and 
have ne(ned a—pro™! "eo cieuieol new. TFe ehe-- 
brngdi hurvevet ,s ta tdentdR pat.enlbwlso bane 
Anderson-Fabry disease and those who maybe eh- 
y(ble eos(tgb.ca„ afr^e due expegsOae diernpy

^его.hot Su», a enFe-SteAdmg. h-sto„cee „ret- 
asam и^ЛугокА tootemribemFtSsaoeiloetnrtde 
frsddaahm oK ^dseFr wfrb tedth rn1hL■e|-eeO 
Thrnofo homtone has nteenyfayoroble oRectt tn 
the failing cardiovascular system, including increased 
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myocardial contractility and heart rate, cardiac 
output, and blood volume, in addition to reducing 
systemic vascular resistance. Thyroid hormones 
have show to prohe-c ini-roc-e, lucttroyto, and 
vasodilator effects uuppOentswbtOaouto Umtrt ttut- 
ure [175]. Thyroid hnsnruuta also sOrnilptec tha 
secret,on rf erythrnpoictm. In contra., hepo-hp- 
rotdt.in has long hueo^atpociated „nhtrnpa.red 
cardiac fnnchon [lh6]. Based on those Oeng- 
standing observattohCi a onnthee yPsiopll oheerve- 
honal studies have oimranctt Uro potent,al oso of 
thyrmd hormone m lOe tcchSsncnO nf he76t failure 
intravenous trnodothnonmohaehuenn^U esmtebh 
to treat advanced heoettatme [1 77|,anX .seeeoc,- 
ated with henmdynsmio .„rpromonreut hhh resoWf 
„on of symptoms. ^oui_e^eO[1hc lohOhterm_lnh nt 
oral thyroid hormone „.the ffesdmenl vU hoerh 
Mures proЫematte,ae<ttt,hЧlhetumeti nioo a 
thyroid hormone analog such as 3,5-dnodothyro- 
propionic acid (DITPA, Tito Phssrn^nhrhs) 
[178,179]. Indeed, a Phase II study using DITPA in 
patients with advanted oanaiworm.. hua.t Ohlhmn 
and low-T3 syndroms or „ncoing. . a

The past decade hasaho sveothe UwhtopmetrS 
of growth hormoneried ell htetetagogs, reshat 
CP-424391 Pfaerl.es twrapsrethc han Oathire. 
The rationale behind their use is that growth hor- 
„one may stimulate the geottsth oh mpocartOa1 edla 
and ,„prove organfuuchpo. Asinail, ptehtminra 
study ,nd,sated that eecomPmanthumangrodilh 
hormone, given to h-henls with,d,opa)l„edOeKn 
cardiomyopathy, meoawd mooocadtal mars and 
reduced the s.re ph LV ehumher, rsriCtihg nt 
■mprovernent,,, hehiohmoeimcSi „yoennheatpo egt 
metabolism, and cUrneiil etotur [ISP], Faaorahle 
effects have been noted m experimental heart 
failure us,„gmsulmhnup.thhmortz.UGO-ltlhl1. 
However, a randomized, double-blind, placebo- 
controlled trial of hcrnan тсатРтет grnndi 
hormone,,, paheul „rlhshromedeatt hulune dce 
to dilated card,o„Hoeatl,ii faded to hernonstraSe 
short-term mrproventrm no clinical stnSns IrSOfc 
Its use,,, critically liSpnsiem.tdoia ieP no, improve 
outcome and even tonOed lo muroers motirlily

Potential beneficial рЮпспп am gimelw et novel 
growth hormone releasing peptidc-sedated frnntdar 
stomach, have been observed. Ghrelin levels are ele
gated in cachetic pahur. wtrh ndhauned heart fc0uno 
[183]. In humans, infusion of ghrelin improves 

hemodynamics acutely [184]. Long-term adminis
tration reverses cardiac remodeling, impeovesexor- 
cise capacity, and attenuates the development of 
^lm[cccaPelacmpaWpB;euWdrancSclreahaS41ure 
|IPЗ I86t.dl1rttatldlaPSрehecr bnaion csodisron 
gOoJa, wW no «ncuosed. VcetLuu oOhur apsUtor ot 
eisdoponius homronco much caadaanamehertm and 
icd.costm-t hr ate aha m the wl, ekones of drnraal 
Г"^-!.^

Novey non-pac.ngdetsfceh
UStrafiftnpPion/Aqudpheresis
OhtUnUhtloh of fluid balance and the restoration 
oO nrеiunblt tevels оРогг1оаПопП afterlongvidtVe 
medhaufcdrrmovU ofefuid by tdtraffltraaoulor 
aqu^he, 1̂ has Oncea lonarravhidgtatnat fot 
nednto1ag1rIl m maonaii^gpahuls rvoPe EORD 
[ l^a.e!lna.rd„nl,worninttrafilleWion eoh ednha- 
no°r rWrdo1rohhu qde■anfrfuOar nnlnriif teem Pte 
ат..,„„am mo..,.,bdncroc,!.,0^011...-otisou 
and oresefve. ^^anperfssionc n п™™^ 
p_eroppo-al htrfitoonoii ryetern ПЛ^сх-ЮО, 
1 ,pl S.oldtlonryc.t)las.bеendwulopuh to ecmcdc 
doth 0.5 L df Puid per hour without central arte- 
rialo-venodr «cede liaal. Howcverr a^riara 
pahcnt selection andcFmoal elOtcacpremiumslp be 
dtenr»001 neverai completes „оЛго. 1гпсР1Ро? 
RAOiD-СНП -Relief for Acutely Fluid Overloaded 
Pahfdlr„hp .Denuaecn0»00 eocnerlllte liean 
МтЙ.ОГНХМП [OPKnianosal odd tarrtmem 
rf pceiO Overtrad) and EUPHORIA (Early Ultra- 
ерг0„пп 'n,ur^y „.РоПосгП with Deco1pnfnsutfO 
mawl Fadple add ObservcO.RtOtaoce „ lit-ee- 
vsnt)nnswlthD luretic Agents) trials, have demon- 
rh^ateh^afetda^erficuab1oeu11raripratlud,l1ntt„l 
rn ac mgnff enre s«1uip. Tlee ongotog^eb^pieforR 
UcffOAD nwhaprsoe verrnsff Didttthcs for 
lt.,l]s„R.H.raelfl,fol.,a^..arlLtat„[MceaL|Iaa 
Khnn Hcapt radure опЛ pa1teMsnr1thfi^id over- 
lovdedAHFS treated with aquapheresis achieved 
,„.eo vtdrnnb s™ouiu)i 1ee1aCI1nrr, and dlPfcd utO- 
cmc. „cao.afo a.di.ac tceeived foovendenft 
mlr•avunbusOluretlcs 44 .a o

Targwmed renal rherhphwia iwPea-renal 
Hifus^oth
Intrairewdi.Rl тРиеюп 1nrraooha1bctrl]limited to 
minmrtmamm a™ TlanttOumannbcloheoficsnvV- 
ies on renal perfusion and glomerular feedback 

Pfaerl.es
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mechanisms. With the increasing recognition of the 
“cardio-renal syndrome ’’asApooRprognostic factor 
particularly in patients admitted with decompen
sated heat, failure mechanisms. Witrede raphteeang 
targeted renal therapy dadrvaet eynnulahonof the 
renal artenea may ptrntrPu poWnhat saivage ad metal 
funeUon andreduceoeorbtVityarrdmmlhtSy SweraV 
trials ns,ng 1R „fts.snreaVveva.st.lrVtpytel^rtvP- 
ated using a novel stVapt.pt enivsinnettheter syslen, 
for the renal artenaslBenaphrt™ hrPva.nn Snarera, 
FlowMediea) a, pahents „slI haast fa.laraand 
cardio-renal syndrome. Thayre mstv, sth.pe fovgatut 
renal infusion aS a yaroanhae btug maByrotude 
direct renal effects WFtlwM pnoPmrag yentadsnanere 
compromise.

Aortic flow augtaierrtatioa device
A novel invasive approach forsnvarelydecom'sn- 
sated patients utiliess mtshamcal afterload reduc- 
„on by a peripbernllyaecioed. ехкрр.аПаеааау 
blood pump to enhhnca bltfodSkivv atthsPeraendt 
rng aorta. A malt,centra prgotai study-MOMON- 
TUM (Multicenter trial of the Orqis Medical CRS 
Enhanced Treatment s>a CHF, Utvtspovtive to PPvdi- 
cal therapy), Is г™* m the .leaeamg sta.es da 
test the safety and effisscyfos foesaortocfoct aug
mentation devtce .tar^Cevnion Ca-*as Recovery 
System (Orqis Medtcait [lOyi.PsaPmmasy aaanai 
and human stud.es -sea m he„adytianaeeCetacres 
have been prom,sum ata gard envas.ve [1«-1И1. 
As technology for ven-rtattlar astsss Vecace ЛАЮ 
therapy advances, it is likely that smaller and more 
efficient VADswiP eedas-gneh smogac fotcoattm- 
tile support of the hdmp tnasrlg iaa,inV1.

Novel mechanical assastdevkas
Mechanical assist deaierthavhfocare don ugi-ovs 
ing forward flow by p-ovidiirgeithes pulsahee t[ 
aon-pulsahle pumpsav-repLtacments-ofmyocar- 
d,al fanct,on. However. epnre„tlp srseilvnts meeht-m 
cal devices are тузаи-у and deadly load no on saln^ing 
patterns »,th ead-sfogasystohe VysTmtdo„. МоЯоП 
these strategies are highly invasive, with potential 
complicahons that ре0!-, ш™» awsd Пру™  ̂
»h,oh has Itmtted tPe,rmei^tronhVSo^esi„pЬnPav 

tion techniques and smaller sizes with lower throm- 
bode .and Infection. shm1tbcadhnsrerllhhslv кау to 
broader adopt,on (weCUaptea hregardeng avnehdis- 
ical assist devices). Besides the ongoing clinical 

development of ventricular assist devices that focuses 
on improving cardiac output (such as HeartMate II, 
Jarvik, and VentrAssist, some new devices are specifi- 
esSSa МуеУпьйе « "““ [hi''"'"1" “ 
t^nsa )«iia dytdmayoO' The -mCeadv 
■.„0,0 Caadtovasctrlar tnc) » hs elasha, saer 
tnnieP1neУi!hnaкe»ni,aspense-lrasoodh,t^ee,d_ePerlaС 
nhstie PaasPeUfo the ealemyt stride оПРе VV| S96]. 
■nrn ImCarfoa h.». d» iRht» ШаиРс eaargy 
Рттг три! ton, еуеррутууПеп Pv aether ttashtise 
’UtnAfv-htea petite. -Пае hpevv speraves таР»', 
tPitbeed fos veternT rvurae ot noanar Нтпаа feare- 
bility trials are commencing m the near future.

Condusions
Thm bevetopment ofnew pharmvcologic hseaapylou 
ShrtresVyiniit op heart failure has undergone substan
tial growth in recenlneare,loraely driven by the 
rneteaee in prevalence of naspy.Mang of We nomi 
fongcaeyer pro gre.!ventpshvaetds t-b di tevOf Ubsa 
,-iei!Vlsg motential dpogs matPoaeh vn hets v.™» ,t 
mdy.partadb.- of raPot ss unhee evaia.aPvn. Beeause 
rf ehe vast sкt™gnntЛУitefthesgs,dsome aaV tire 
Ьakofaspeanmconenotit1nlecoai Piirgsc.smtot bs 
'dyy MtMdtmvash e stypre'i„eaStgawmor knioa. 
rsltMdh.RRS teas eameae ИаЬ ss heeestt salurv 
igao bernMena^otnpng, foe ysocevs sf deafiopeng 
aпi^sto„eft hетtVuluee,slotsvn1egtptUoor.УO-ere 
г.0....™11 tgиo.J,gtemy• .,|gmaJ.,l].„ of hrs» to 
dd'eP1pvsd.VtщsaridteftVte„n,fosaeihmlu^eyo. 
rm,ai.rwha mad drot_mgy aeset -atsagafo enarkast 
aph Л- ..a.™ of^reane Wasime, n^msdtese^s 
si m[asurabl3 improvement in clinical outcome, 
t.,.- as тоткИр. med myrbid^Cv ft in mmheip fo 
b. „„dem. Cfotestdy, radyOdsrrttsgangs!ueSh no, 
...pt myt'v.meat m sm■sogate ntaeOsts m a tok 
4neasur^ ^pproatP Tire maudt appphval fomd
requires foat the tobeel paeksge tRanfoag anpsoor- 
ment m survival, morbidity, and surrogate markers, 
ьП ea n p.>mvo formaon. mtsm „тs- an
assegai гр1СШ™.оь rf aPUse rnrrtgata asirkers, 
and by far improvement m LV remodeling appears to 
Pt|„ast tpa-ny omlm to Impmcsment in inm- 
-t1Prega,M istisahty. iv, hso Cature st a poas.bie edeel 
advaU ptaarmaeaogiaiher п^гуоС! -^■ГаеушгЙ Vm 
sand tb tovare fof pmgsesst^n wf CV rfmogebhy 
rnrdetdmyo аеРт,оаа„аОап.тргоое„ет ne mts- 
tality and the need to for hospitalizations. Drug 

stVapt.pt
stud.es
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development for patient with acute decompensated 
heart failure and diastolic heart failure is a vexing 
problem. We do not know which “outcome” to meas-

1»» to measure 10 m miror pa tticopusc la 
Improvenient rn hcmudyi-.cmio profik is oec»,^ 
but not sufficient. The abtesmbWeyofnewnewcesaiid 
infusion systems ,s likely owing poo the „ay Tor wt 
mtervenhonal approach lotOn gmyengprnPfan. 
particularly with the goal of renal preservation.

For now, there is a orctttg tecognhlen drat 
early pharmacologic moatyonttaip rn patieots at 
risk of developing bearllatlitae mayOelay or oven 
prevent the onset of heart failure. Thus from a pub- 
he health sfandpoltl, car.y pOtrnieeologie mtn- 
vent.cn may provide .olorgce ptaventte benshtt 
than a polypharmacy appaoaehat eodnStage heart 
failure [1] This hypnfhetie ta sanocrted bo revert 
clinical trials on at-risk patients where a decreased 
incidence of heart faiiurewam aytprnnawithraeu1, 
of ACE inhibitors dtaniuoten.m tehvptttnUtrtckets 
1197-20 |. It.. рогагшг.аеьег, onpas-nrn. Past rise 
very early use of penntnruerotearm-alduaPetooe 
lahibitors aad |5-adeeAerElrЫockert ,„^„.„4^ 
delay or prevent dredcvdepmini pPheabthalure if 
mutated a, Stage A padonlivwiste malfioie nak beo 
tors for developing heart failure without any signs 
and symptoms or sntatfumsabonstndffietlPMi. 
To date, there are „nsanUoimseaiOonfrniion tr wis 
lhal vigorously Kstedtdeprebe„t,onhhoalhdtrs m 
early hear, failure, m patO dan too иг mabdi-yt- 
easily screen and detect patients with asymptomatic 
heart disease Undestakmg оЫ fa ten Omt Uypmh- 
esis would also ЬеаЬгстОаа-е Пеек.Прртт She 
event rate is rebttvetatowrndrhemmulu npewcnld 
have to be huge. Alnoa dor OncofllonPanc.iltcsoio 
an attempt todes,goatwl nomg bioioatkerr O„ die 
care of eatdtae dyvonermo. pUioma NT-pneBNh 
levels to add ahsktcon t.o otumdind thoeapyto rnre- 
yentthe developmentof lduptT0IurhnnOM- 43 ne 
AVANT-GARDE ). Many experts now agree that 
the future of hear, Mlmemanagomcm roe.dorn1 rip 
preventive arena abU nonel 0eempvnticepdrnoohor 
ohcnld consider rn ptdtnts aG oaoher stages of heart 
failure.
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ImplantabAe cErdioverter 
defibrfflauprs^ailrf^rdiiovlar 
pacemadefs rn congest 
heart failure
huSeep Bhiaava at fniceLWilkoff

The last few decades have seen major advancements 
in the management of patients with congestive 
heart failure (CHF). The myriad of newer therapies 
and the newer in^hls тУпок-е,-therapies have 
conn,bu ad sigaifienndy fo an „Лоран” m ml- 
«bty and morbidity ar prtienlscHl, hrarl datum. 
Ita chapter „,11 eapkire lhc chmoai еауаетат ”1 
ventricular arrhythmia, „ these patteals an”thro 
discuss the role of mrptanradle cngdidvertea СЛПпЬ 
hators dCD) and carOnoc „чпаЛгашх»» -Ky^ 
(CRT) ,,, modifyinp die lattaggh hrsfoay of due 
growing epidemic.

Sudden cardiac Teatb in 
heart failure
Sudden cardiac death (SCD) has changed in defini
tion e long way sincethdorigincl description ofths 
term by Kuller h a/.ml966[lt.Most definitions 

would accounS fee PCD e,dn.h»«CD1»ae 
pected circulatory amen aaually iron, a ngUac 
arrhythmia, occurring within 1 h of the onset of 
symptoms И The • ' ornefln■np dC^
drome was reahzed doe de die naa” ye «шраге ha 
randomized therapies m large clinical trials. The def
inition has been changed caaiousfy in aecardaaci 
„1,1, die need for „mcadaa die midld „ na™ 
trials and oontn,ueahPldте cuta-gaVeihe.., ааПро- 
“8 “I14*™ ’”1 У»™Р>0У„к deaden 
Hinkle and Thaler |3| r„rdtpnlfferanl,ateaelPaeer, 
the two, classifying arrhythmic deaths as those m

which the subject collapsed abruptly and the pulse 
ceased prior to circulatory collapse, whereas circula
tory failure deaths were those in which peripheral 
alreuhrdsalc coPaртedЬeeoredleejaeto„ord,adulda. 
aitde o latimlcg ”,«101»^ ^аЛс
m heart failure were arrhythmic and the remaining 
wafta tg сггсЛ|Юг,> enaaHhie. Maas, sd d■ array*- 
nest n^cnM 1Оу'АО<УО..А ,-п1«П1.,Уг 
dur1ac1yrulaaory colbpac occur „aospataL УщСоо 
Ьа-хгс-еопае” th. а.пгПепсс rfgehrnngys ”rrhy^h- 
mic deaths as being between 23% and 49% [4-7].

■ns nncd for dlffoe-itdadne Ьadeadnarthydssnla 
ana nanynghcrfonrc dea1VrЬ1eamni„no1Mnt rn 
order to risk stratify patients for SCD and to scien- 
Ьвс°,у a”ply the variourpPa„hadnlpatа.ln .int- .„„- 
plrarniacologtcal fraadnanl „оУаПпсе foe pade-ls 
with heart failure and „,1а.”Я10поЛа (aLVad-pfa”, 
don. Tins led to the pabhacdoy ytns1dhO.crУraed 
reporting system for classification of deaths m ICD 
«pabbyadiNorth Лт» fr °„ f mA 
ESecCrophnt,oroF (NASPyitOialien ayinCerenea ni 
ld03lnl.Ta,dyЛss,ncndead,sos ccdt”, suadenoae- 
aayc, ancc -eadden anriaNne or „ссыргУia”
PCDs were liaose wdscg cm. «”Ыг N „„Eeesed 
nmOic-апп1г«.«9ш[11гу1Л.оШ1П d-arata 
lympaonrs oran „„.рАА hnnlУ1eraA 0е”111,„ 
a patient known to be well in the previous 24 h. 
№,.”1,™ . e. ■ due ■ a - .1.

.mPlaS a gd, ontpa, cca fcob”a^ die xcnsa^ 
arrhythmias, if any. Operative deaths were those 
odloi13()ianh^' attem -ed ICD wn ”nt or before 
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hospital discharge or the direct result of an ICD 
implant-related complicatiAP. NRn-cardiac deaths 
included the rest of the events.

Ventricular arrhmshrnidscaucomg 
SCD in heart failure
A number of complex inter-relationships predis
pose to the occurrementvcUitoularahhyttmi^sm 
patients with heart failure. Though the mechanisms, 
type and frequency of the abshytfnntaa tnay differ la 
patients with and without coronary artery disease, 
all patients with hears Mnwe hcc al higher risk of 
developing eentncnhtr aathyhgrqn.pt. Menynilhete 
could be fatal and life threatening. The correct appli
cation of the different neanagernenk wiratogtec for 
these arrhythmias haqrners fnntr insight mto he 
pathogenesis of theeeelhntrihaldiiihrbancer. _

The mechanisms that t„eper hPerr crhyth- 
mias could «her fe tuhslr.ete seeatiig to paUente 

coronary artery kefeve. <1^^™ or 
hypertrophic сапЬотосраСу rs coCd fe due ff 
common electrophesioiog.eal, enknnrnneutaf and 
dmg-related issues e theee ртУрИУ СгУоГае Уурег- 
trophy, myocardial stretch and interstitial fibrosis 
leading to pmlongahoe of lection polrktiel^nui■aУon. 
spat,al heterogene,thi eedpalin„oeco„dhrfkrnerioes 
rty predispose to re-entey acorns. read th) maahd 
rn triggered реиуиуЬроуд Ше гПепеГдуепеппеУуе^ 
tricular tachyarrhydtmsiia en tleef) paneled [9-13]. 
Abnormal nenrohoeorepal crepnnees kOr ptcne-ehl 
central sympatheffe ouUfrptp shnnsibhi^n of rhe 
renm-angiotensm spstnii tnsC Osr ktrsieteni rink) 
ulahon of the adrenergie system cause enhanced 
automahcity |14 15[. Other „4™ trigger] hl -t 
hypokalem,aa„dhynhse^i!nfsle,^^.eietoc«myoomf 
mon m the setting of chronic diuretic therapy may 
lead to tossa^ g oomten s 

k e k-Coronary artery theinreh , .
There is strong endenee to suggest assocahou 
between coronary artery disease and ventricular 
tachyarrhythmias catornn SCD. it rsheheved to be 
responsible for 65* of sodden deaths nt men end gry, 
to 40* in women [)6|. Mono of sho patrrrtt. «.* 
heart failure have ankoyprk aefosy *0^^ 
scars as the ehopathoktgtrmeeheg .sm.Antopsp Пп1р 
have shown that even patients with dilated cardiomy
opathy could have;se«s tn up hr 14% rfп-гРета |.nit 
Tire most probable mechanics»ееп.НеаПаМ5СО in 
these patients is an initial occurrence of sustained 

monomorphic ventricular tachycardia (VT), which 
would subsequently degenerate into ventricular fib
rillation (VF). This patient population provides an 
coleegwiy durable scbsteacfor re-entry «amte teo 
to scar-related roer of olnw gtthdoaafn tnt^r- 
rnmgled with nonnalaeers ofvivbk „yoered,g„ 
US-20] The oharaetenrcofoatore o) coat -,„- 
dingn that they have s seprоУ„olnle_nutИ1„„ end 
termination by crthcUy tuueW 1™^ .rnd aeh- 

mpppteg demonsfraive ieeyrsent ernnmern 
lУrl.OdkСsatih«e rlraШtsaeaprkЬaЫy Ous -o ,1.0* 
ktncttreir„tc■tatntp1cirytekihavee„noaotnctp„d 
elcicsOidhЯe^o„s.1nni cect,rrr„or c«e ceP 
orslenРt„u.critmor[_araм fOe/ehteer site meUcl ptp. 
entation, at a rate of 3-5% annually over 15 years. 
Tie пТ-Иго. tpg Ар.ц.. vTov*me № loCo- 
«0^.0^ 90* ei^.t прCoS ynee -«0,,,%« 
«ет lagiP2|. Шоп. nfihedarp from hhePpoirr 
niehrograms reeved iehn, need shhente аи-трЯ 
that there may be more than one mechanism for the 
cШs.etto„lrfek-»dlcVrrlЬШrоsraeerУ,onlin0rrreith 
птСот, tnornholotry п„4 ийСк cyck tenhih ee due 
to РоеР ee-emey cneustsm rhem„tonof mcyufola 
sca^ut [P З].
i iettri Vg hr pahemn »itt,cnpr„aen.■Иary dess0» 
irmossoeon^ reenlt oS nether lor eoute isheernn 
epteode ,0^ hompreeetttthrombotto ocolustou 
ethe ao„l„isle1 «ИУ or ddefofre_drydn^eieonfttgre 
ггопЫ1ппП VI,„ eheeeeu„g otp„or„tyoo.rrn,.el 
mraer,,on (Mt). The dptotn cohesion -e the ,»»№ 
hecwidll rearm tlg■„Уlboe1rycciueloo U-npoOedmo 
rsd vacotis shud.es show dr. rnoVencn e) nenh hf»e 
потоп» tom ksshrnp, ne%m morethan 9V%as 
nasn,nnis uf SCD [24пГУ| . lnapt^aneeon]Сe„eon.et 
nonce or Vd m pooslyuudeeelooO. H.»™.,,, she 
e«lmg«»«)„*LVd)hen„pgcn Ooeepvrd.spoee 
sv venfftceher arrhotbimae andaa tlresertmg oV 
he«t[Satlone] mAuvn dens lead tn dee knierorg пГ 
threrOpie foedre deeeevh,„e„t oftatoL orsh,„lem,c 
events. As mentioned earlier, the occurrence of VF is 
most often related Co foe de^tosaleon P susUirnnh 
mo„o„„rph,cep,snkerka^he,alhteO lutoarncaybe 
haleled e. ied,™,aerv otAer t0.hoavap «0-0^0 
imPda„cpcor iетrЛac„^„„aiaetiveS„a иОЖ 
c О„tteоorahtc VT m lees te1m^»nоmpaunnBi«h 
OVdcthnvtson. tB tnerdyaisee^atce »Л elCr.!lll 
of hrnp QT eelkЛome[eУv^are оnleekшcneУtug 
п.,.,.).. „О totocty ocarakycllrVier rdafodC 
tome er omo«„ftL«h,o 0^ node Сaftl„eile11[ 
Such bradycardia could either be related to the

aathyhgrqn.pt
shud.es
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degeneration associated with the underlying disease 
or the effect of drugs. In situations when polymor
phic VT is associated with bradycardia, it is referred 
to nn-fomnfa *p„»gen-e,a<ionSas,,,CS „dlwo h^ 
dtolan,,,» and paorng. The ngmtaaca nt pualy- 
morph,c VT ,s that «аиртЯ a boglreebMthcbrlof 
recurrence and .dentofica patnerBwhoare nnhkely to 
tolerate drugs Ьке атоОстпа and other QT pro
long,,,g drugs |21,30].......................................................

It is a controversial issue whether less complex 
ventricular arrhythnrpB prenranne
beats (VPBs) and non-sugterned VTsaoe pred,ctors 
of SCD. There are eonfhelmg rntuOta rts tins upperi 
Iron, two retrospect,ne arrulfes rhl.hd. The ImPn 
winch addressed tins rteue pant) wneethnAueenUpe 
» Study Group ffrChe TrerenUpn. nh Candirp 
Insufficiency (GESICA-GEMA) Investigators [33]. 
The incidence of поптеИрее0 anhyetrnnathi 
patients with heart fnilntu wsn found a he 33,5H. 
andthecumbnraho.nofhiaePTrB.endnon-.wnMre.l 
VT conferred a relaTge nsk ol Uh for foUh mortality 
and 3.3 for sudden death. Thtr data hadthe hrrn- 
tatrun that most patiengp no dbrinsthUy had von. 
ischemic dilated casP,o„onhpadey„retu„,pg Chagas 
d.sease. Another tnul d5so»„rgue„,elighto„ rhe 
..sue was the Prosper Random,zed Mthntone 
Sntv,val Evaluation tPROMieEttPiariWhirdihowed 
that 4S% of the deatPo occnnorng at pahenB ringh 
an LV ejection IracUou (ETEO) of Pro dean 0.35 and 
New York Hear, Ansoc.atiod (NYHAn СЪвШЧУ 
heart failure were snddenhhdd,esreo,rneorpredso- 
tot of mortality wasdin lae,he„Ч. rt,„„. enstarneh 
episodes ofVT [34].

ta summary, it is eldwa hhatpahenB «„ЛиЛее* 
cardiomyopathy prnvrdh a drrtde ta. hotdog oqupn- 
rence of all types of ventricular tachyarrhythmias, 
which in turn predespn.eto 0CD. Men of thesoa- 
tarned VTs m ay onninelrdy mate thanodP n«rta 
nism, but their sustenance is guided by the provision 
of a reliable substrahe rf hetetugt„ppe myoе.at<run„r 
through reentrant „,eеhemsns.Vaвfaеduantaod 
в e,the, a consequence ofUegenareUonofnusleined 
VT or due to acutadOe^norannu h-nops of whrrh 
rschemra в proЬaЫrrhfmollеommm.VdUs.otd 
„on-sustained VT „ray rpr dr bnl ,u UherhllnhlU- 
ual capacity, but SCDs are seemingly closely related 
to then presence a„dOedue„rhS .a pa-rnO «tin 
severe LV systohc ^^0.0^ ТРтуспе По»^. 
not reliable pred,cluts oftnddendendrmau rndr- 
vidual patient.

Non-ischemic dilated cardiomyopathy
The pathophysiological basisSorvnetriciierranyryt0- 
mias in patients with non-ischemic dilated cardiomy- 
dphBrnlaer,nren 1 essweli cheiistoddaEudccadd.al 
Tepneea,ldmr-raтd,nlerarreeterq„вlrh.naserved 
lit theta Р—. Оп rе„t„cnlaa„)rocaеd,u„, ,s 
ndhrhpoe)^n py paoatnareet or,ptersMтl tsbrne.s. 
Monr oh the pehenB rnUpoa neledBShhevr геШое^ 
,„,„„0 ekrero^ms -rd achvadote pTdetus tr. ru 
OhaendocarBith sШfrrhesprzsdlln whentornpeaah 
wstd ratTnts of isM-ona oardpo„lpnpalny Hauce, 
these patients ate „nOrs doodot asnOOrorefor rcat- 
рпЫпП ramate», arslчnhmИs. Ноппусг, patterns 
who Or on-runt wwh. гпоО^ -T. Пггрс morn oS 
scar-related heterogeneity m conduction and easy 
„““У .end reptodorsPi,ity ol VT be pto- 
granameP пшошЬтго. „поП pncnTts hune Sow 
”)ГРпЛ.„,П«. .anh hanortndtde erhisss.-., 1 nlehs 
rsngtrms irSl. Usn^g drrre-dimemiouO „l.fnpmgl 
Hstih rear drave stahr Oo tpe patisdB terSh sunBrnad 
n■randdoo.вЛe„roca-U„„тolsadtnrgSrrte„,rts 
nee .eOlndoen ohe тауоМу d tire ]at,e„B bed o„e„ o 
„гпОП-О oernKZSHO of endoterdtal abuonnaOry 
1301/nsese low ^0  ̂onon-i hrrns wenokecaoB 
oeatehe^penOtotoarnatr mdne pes,darvolatrrhn>pr 
and 88% of the mapped VTs originated from the 
«neric-ase bn—e. стгер.т.Ьпот toregtonn wad 
sPnotmaO еl,doeardsH sl-eSrygnams.Dsl.rroeИz -Гр/. 
|3H1 fnm„,hnn„ 04,68,8% woth „ассу^Р тег- 
d,hmndlort0h. Я* Pn pcbenls thownO doe „г^уп 
aroraaSеrtsTct_^gdrЯhrdtcn„rn.red se-pnlro, as 
0hapnrhooh,еdologec71 hasp taoke^ct 
nahenro ms—stave „ooBSa deetecO, m-eottro eip^- 
casnia attd dr„se .« inie Orc l»ghndt pffi- 
g^еhn-hrh yanlemr -Ыгооп ооГв sosegss rnrro itosA 
to 100%.
_ hrequedt^^e№iou.ar nornm0 ».. po„.snt0ai„en 
VT areseamus^,„ts «тпггопГПспп tnsraiond VT. 
se eiareBB oido dounilrem.c card.omyopalhy Sdoh 
non-sustamed arrhythmias may be present in up 
to6 0„87% of patientSa EMke patisn1:r prese1otillg 
гВСг nosoс,ned„„„o„rslsnh.c УГ. me rncpomlsty 
u. sdiOarnedkO a, EP „Ordy ne e .«гВ госгопОп 
wnh acand.aеn■resO «„тsotte,„aP ve„U„odler 
arЛrhhm-rr ee exTernetu low <70-^00006 oetsos 
^hse/oorтdenweloh In г»н„пр preacohng «Л 
o„™c«ym or e carthnc atsetr eoeu an-ntc u 
nel!elire_dP_Я^Уl rbete тпагпопв tr О y ho-rh 
task of VTSyepmcurreom anh errdOen dentin |П1пп 
persists despite drug suppression or slowing of any 
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inducible arrhythmia. Hence, the predictive role of 
such arrhythmias 7nd tCHuPilityof EP studies in 
determining long-term prognosis and guiding ther
apy in these patientsndasbbeeifarhlynmited H3S^lh 
This also suggests that tht geyetm of uon-sustaated 
arrhythmias rn this group of pattooH. es nrore hOely 
to be due to mechanisms of focal automaticity or 
triggered meehamsmy, unlokf epaOioirrd monehnoaf 
plus VT. which seems Or Pp tflated to sta™laOod 
re-entry phenomenon similar to that m patients 
with ischemic cardiomyopuuhy.

Risk stratificationfor SCD tn 
heartfailure...........................................
A large number of variables have been studied to 
predict the risk of SfTSk enp.atteuiswhh heart fail
ure and especially hernthapaatruce of coronary 
artery disease. The most noOuPposdictor far коп^ 
к'Щ surviya! oonOrnuet tu br tloi LV h-notton 
142,431. Other entmsohOu 24hholtre„,o„tusnrge 
rneasme eleotrophytsoegyiutottmg.tegpaO rvotao-d 
electrocardiogram (SAECG), baroreflex sensitivity 
and heart rate varneb^ eOvhek In t'okttibo 24 u. 
comPinatian, hare Oeett enable stdout tPnhegP 
„.kgroups accurately ocIu u-ls apb-arrhcthnnt 
or ICD therapy [44-48].

As has become innpppfnngiyukatetytetu auripus 
secondary preventignkehr„UoflteDthrtap„[4„—ha] 
and with the discussion above, there now seems to 
be little doubt that rrheutt pkl„ pesbumkh nihnot 
morph,c VT and Vk aoU those »nth potgrndiytec 
VT are a high risk grouy lat euftn^uftico P.uch 
srrhythuuus and SCD, Непеине™ enk«hrnt 
.tee therapy in sucP groups it tuoUSod Ru hung, 
there has been debos ^,4, die role gt aresceec 
electrophysiologic testlnuln patlenV t«k«.. 
sustained VT and VPB. o, tOe seht„a of bV
dysfunction, „„re „.ut. ksrsanreke „пип-у 
artery disease. hwaopnEh «Ппу has 0™  ̂
to be positive in 20-45% of patients with non
sustained VT m such shuatoons 'ad eqro are the 
patients who are «gable P suitaming re-rperkat 
the mechanism of reсшгео! urrUyelmiiaol 52-54C. If 
is not dear ^€11x41.11-^ oedui^woultS edutbloiefao- 
hfy die pattern, who tawe sucis erpd».. 4o4 
sustained VT.

Wilber V el [52] '.cd ер„т thm e„anttЬtlito „ 
sustan,ed„„„o„„rpУ,aVrrtУp„rdrsrm«tek!arr 
cal stimulation m patients with coronary artery 

disease and LV dysfunction was reliable in guiding 
subsequent anti-arrhythmic therapy. Their study 
revealed that inducible sustained monomorphic VT 
^”.114 em„-acrMu.ltedre? (MDs)m .исЬ^ 
burs woiUd haw a „sb of 'o'. 11 nt op to,50* paPems 
odhsbUe tea gyeam kt егаитга who Pad supposed 
ftp, ufthe tadycUktha wtoh ^1^ rrskwas 
around 11% but even those patients m whom there 
wa. po gsdrofbk tacOh4atceutXeee 1oet aM* siott 
ts ‘CPpt»’™* ant CCD. As mettnoued btforf, d,u 
^shabPnoofsuA tesCmotteveptopesindadfttts 
wtyh idiogaithfc ddaSd oaadtolopbpathy ^11» 
uettlwr rettabk rn 0^0^ VT toen vpanepo 
w,th sustained spo„taber]tiaVTof scoops nor re tlie 
absence of an n.dusbkVb otnurkar ofUe»™Cfor 
sudden death 136,5'.. Нора» n«h 4™!,' et 
the Mntaceuter AuMtttaaf,titenЬfOCatnr ПсркоТс 
PO”T” (SUAMTinaodtCe SCDn,HeeeetFadpte 
Trial (SCD-HeFT) as discussed later, all the above 
datais Cgdo to require rnajma oeconstnetatt.» vend 
Uhpccguc efEhK^t»rgrtsdres ctarkuged „««^1».

AoodOortfC™g_chu,caC pred.ctoe of tCD in 
tta0o„Cowotbtaartaa,terfai„tУVCyrfu„dt„ptsthd 
dittoryofse1taupe Uo e2ptamddsyttoopelnpadlente 
oiid, han^tfadt^^^^as tasc, with f кпеМу
of cuddeo deata up to 4Sfoutoattdets[k71 trnd 
.goUf^ye uaeng ftequft,„y dunoondmku tutmhonae 
totcedgtrtumмo»rtrerpteetdurs.gkd„^pe,„uftof 
them have been found toUaoeatutru,edmo„omorc 
ePlcVT,eUndOfta,brettrlhesmot„geie,AVlrudam>n 
aud pprtwentrtctdto tm-tssdhm.asarc nut untom- 
mod[ese.Pf d«usrrOOetuea,dsaoedkormd^ueEP 
t4Уt^tgm pahomt. P PVtttU,rdrdaemyopclУy «ftO 
a ensyorp of trmcour ts mute Utef rette,Ыd uO!^! as 
it fails to show a consistent arrhythmic cause, but 
thuso .e-s OTntrnue to remain at u very high rink 
fov Sto.

Imp^ttH dшgrt orl S„D 
in hsart f.owe
Teeerehote been mayoe advancements in the knowl- 
etegr op „» cso of dmipsiu dee dpangsug ptfffl- of 
myrЬкitre ocd motkhyrnheeat future. One of the 
«rhest deugr ftat wus fouttuftp toa^ as,uulkreot 
omhact on tht course uf Рк ke^thte'' us» 
mglote2sm-conтеrOng fUzyrno POtt 10,*™ 
Моя. P rUa mats ,evatuateah tut „к Р АСУ 
pРpruИda tt „gm fphtre haoe ru»wit a segtcch>»tt 
reduction or a trend towards lowering the mortality
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and morbidity in these patients [60-62]. More 
recently there have been reports of significant 
improvement in mortality in patients with aldo- 
«rone antagonists. thongh the tned— for the 
same „ .neompletely oodemtood.. The Randomized 
ydaetone Evaluation Study (ЮШВД tt.al |ПЗ] 
showed a 30% imptoyentent in tgtal ^ottalitg. Tlieye 
had been tears regatdmg thasadoPy wUhtiaense nd 
D,gox,u rn patients wedo Saert fettei парезу в 
rn patients writ cosnswee rnotyedseate. Howenet, 
foe mote resent prttregbyya fyrdonnree amiiy. the 
Digitalis hivestigahoiiGronplDPGln'i.slwsltowedetge 
safety of the use of digoxin m patients with an LVEF 
of less than 43% [60]. Thyae раУапК S,d „«show 
any difference in tho mttdsnae ot grthyarrhyUdrnois 
between the digoxin and the placebo group. The mci- 
deuce of hradyarrhydnrnas way ^уИгТегт the 
digoxin group hntwae uni oeroa.atod weds hoty 
increase ,u tnnrtahty. TOoae oyge a Xtandnowordsa 
reduction in die progroo^n nfseinriOtineontS deads 
due to heart failure m patients m the digoxin group 
and tins was mote so te gtadshsettu siwufficam ns 
patients w,d, non-,eyle„msaardlyy]dhpatlyl .

The role of the vdonsgOODthrsulo, Осрп «odeio 
studied. The Card.actdthygdma dsppssgr.nn Tnals 
CAST) [63,66] hnydwyOdemerainotideOsfchteeh 

the Class I drugs (flecamide, encamide, and mon- 
czme) can effect,еаиееТп.ре dutaompy .n yadeuts 

heart farltye,there») ys.yyifioaygdycgeymto 
die mortality ni patients tskiyg utsse „^.Еуоо 
propafenone has been shown to be associated with 
adverse results [31]. МоуеоГа11у ctnorihutiod oeght 
poor results wrth those Oyge has baen mainly ..Ho 
huted to the 1псгеаруПп10о11угуа1гПу0п1Уа1 юат 
cated w,th these ^пе. esyeУlaUygo1„pattydts„,d] 
«ironaryarKydrsdnSianiiSLVgtde^yisyge. g

The Class 1 agenbu One SgteoblookdsyniougSndl 
primarily used as anAnnrdylSnisw. no titarifadurei 
ye another group of osantsttsat hevesonolnOnmeen 
the treatment of heart failure. It has now been 
increasingly realized hiss adreneogeegdoiulatioy coo- 
tributes significantly to the pathophysiologic 
processes relating to td. у.утп,..,, оПЬтИ Mum. 
Beta-blockers have aOfOnstnty eontzoneO than phe
nomenon and the into. mgurOino their nsgattoo 
„otropyanddirondltoyyooninbodns thgtowooss 
enirrgofheartfarlureOtnteSnonouteoye.tl^^sya^ 
increasing aggresstvasmo is than eaely nor rn Oeaed 
failure and m the maximum tolerated doses. Both, the 

selective and поп-selective agents have been found to 
be equally useful [67-69], and thneewiOO aOUiaiottol 
alpha-blocking properties have shown more promis
ing -621R likely dus So ait оПОПеГопо! dSoot vOtedots 
mg dse aftertoiad rn dequu paUeolt. ПУ7,У„Йг1п]ПУ 
totrfcr.etttramsmanrfyninssodoig.onuideosrhfeym 
tadt|drepronews,onЮhe.«Ыure .end tsDadneto 
угЬуЕапиоеуетб. Ofie SoenoSit tan extendsd tpt edi 
classes of hear] fadote omS „„panesn|««h OnnU 
msra.. aeOiyyn.tnhem.ecfesyimyo.pathrey.
r Sytttyghas s«u toned to manovis witT Ml and EV 
OosУldorinnlruthas„,ySsgs„oat,y11ao„,yenefaar. 
st has Hsr aeooctateO wmh a0eghsa„rOoSsudden 
deaih ЬЫу doo to thsuKreasadrioO nh Onrtor^ft edit 
pornfftsd dense pateenltiOOsir npradostrnesdo a 
C]dreS]taceul„d aho noo0eVsnrkan0h,d -lerAkr- 
tsrn Dosegshde has bate sdownto be opeomiauin 
аи"^!™ butfa,k,dtoco„r„buiapos,t,vely 
todsf moetahry benefissnpgttents AilhAVdystuno- 
tion [71].

. Deydte °a gm.ai rfгООоeffeds thUcm be aswo- 
aoand srda nsrs drug, too mtto AADtiaai itdrcrttson 
tently shown to be fairly safe and effective m patients 
wetlafcart Saute tat Ьс-, ten toO.sntne. ininely 
deveiopeO os an aлrentnh,rlyreht ehne Луу saaie u- 
eddbee^ papulae asaCSno tl anA-arrhyOht^tn 
tSssgioydneosof di ebony to btuock Otte noitward 
„dlassism cuss^tseitahd tas „nSantn-rotretgiC 
awn tatc]u„luhШ„alrlooihtmdrdSftt^esmaddlt,on 
on wrStaamsl m0-a„gyny„eio eUOrds and n sited rn 
tSd уп1О,„]П11ПП1М ofaSmostaO hnieaot vupravs„tsso- 
otaaaoO yaisirnukisaacOnarrhotOmota. . .

A 1»^ nmnOer isS U,ah СауеЬаапсаоо^ооПо 
asssdy dso tdk of^yodaa„otnpgl1e„tssSSerMt 
l02-r74,a„nttWF[Uaai7ri.Tiaapar,umsaleer,oolras 
„ого enirrs nit Ле taitonf йо,™- nentnetdor 
oeysoooron,^ base oS_eoSodndu>mi^pnioaigs 
douce oOiW d^unsdos. HonedaF oftlsssa Bah 
Uooeme^ study boa soda od A1nidn.eadna as a o„- 
maryptu-Oy0steaotst_lnd,en]Ь^tnSpvpl1lairon 
at a higher risk of SCD. Most of the trials have 
„...vs, tisat .in„..s.tto.t Ona tewey rrgtee.ud 
deasa^ss rn the ovarotl „опЛгу os oStwoS a trend 
tomurAs dio sama s„ го„ооо]!о„ ts the plahebh 
gsosd. Tbese tas bam a stgmlmaM Osooeaor rn 
Ле lOaquetuy of fanidvaniriaukeo s"^» and 
d,a_ntdde„fг eibudtkn dead,. «ПггП has smd аЬ 
mayor cootnbeimr do sU„ reduced onetnii mostaitto. 
The effect has been more prominent m patients with 
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an increased heart rate and in patients with more 
severe ventricular dysfuncAon Rid heart failure. 
However, the recently published SCD-HeFT trial [78] 
suggMsthatAnJodninCreatedllh.tlreryat.Ds.neinn, 
иье used rnlh exMme »utK,nrecpeaally n,nctieMS 
»,th more severe heart ScOuaa. И bnc neeuubli tolna- 
ated m patients with severe ventricular dysfunction 
rn doses less than ЗОММ т^ау xlmuglr the inch 
denee of srde effects airdUiscontrneahon nateshaie

wbeen signihcam...........................................................
Ute role of Anundnrotid as rhdk,nes40ondi«n 

prophylacffc agent ngatuttn pbtdbnmsybndiafioult 
to study rn this era tO impfantable defibrillators. 
The only randomized Fhcortdaap poeueannn П4.1 rf 
amiodarone comprnrng it „Л eoonenhonal auU- 
arrhythmic therapy is The Cardiac Arrest m Seattle: 
Conventional Versus AmioyanoneDeugEealiialion 
(CASCADE) Study [79]. This study enrolled patients 
who were out of hospralhuonyhenof aVF hrrcsl na 
the absence of an acute Mb Moil v4 nlsein 11^ 
nary artery disease andaboutahalSoa tan had LV 
dysfunction. The mean LVEF was 35%. The patients 
were treated either nr p, ar.ao.fioe.i up with con- 
yenhonalAADsanngrargrfenarweeise nonde^ 
physiologic testing na Hnlaern,Fh,to„„g L tho Si 
was not inducible. Astnhdrmnhn rciasConndho ouml- 
icantly reduce the „enabinot согЛ11сПгпг4гГ1 recon 
rences of the arrhydtarnrithe number rd еуптриГ 
events, and the frequency of ICD shocks.

t\miodaroneconSSnnastobe ueohulnr Uunefon dea 
management of arrenhmian in patrhythDilh Ton 
failure. There is conornong Omtiah rnq,saatadlnence 
fo suggest Лat,t,s„oredffnt1nfanUb.feodranoЛat 
AAOs for the prevenuiu п4 ucoarantn rfVTDagi and 
probably m compniiiur, Th phasler toon rnetr- 
analysis [SO] of the ynmeed ртсуеМ»!-^ ehawr 
that there n a ma,od hand toriTododtconpofnrment 
„ overall cardiac птОеППу laU-aУDf and a synOn 
cam reduction nithe task of nahorOmu deftht 
(29%). The role of the drug m comparison to the 
ICDs is discussed Ian1 in rhe alapffjunt^^reyrwsars 
well tolerated in the Ьеп^упатаоа И CHFr it fanfy 
effect,ve and is safe ff hibiithaihl carefully. Thn sk n 
proarrhythnna is krnand nld^ пеопуатОкпп 
|81|Ьehevethatharnav,tlem1_иladl^4T>rmrnab„u 
,tsuseasap„„aryell,pPn4l1ndtiteraeyauУbatSm. 
it will coiihiiue to bo rPa .урт т.п, t dafSbriOntor , at 
least for secondary pronhaLt4rs inh rndancloprng 
countries, UH a reasouablt аР™!Лтге1аЬЬ1 
Once again, the results of the SCD-HeFT trial, do not 

show any mortality benefit in patients with heart fail
ure when amiodarone was compared with placebo 
for primary prophylaxis for SCD. In fact, the results 
»» „PheUetam,ed11O n, OУfDprs»lthNbHA Class 
Ш .haart laduae. Huree^eh, n wonU be dM u 
maeFF finel cof скитит dirasubgrhyip of pahenD 
1™mffnt totOntare.m рИатВ»*. ЮЛПЛСОп.Ш 
constituted only 30% of patients m this trial.i e

ICDy inheort nailure
garreh„hatltgt*fiЬrlnationrnarnot„e» onihennn- 
agement of ventricular tachyarrhythmias. However, 
the development olthDSCnhaeaad aremaakable 
“l”1 Cn П’1 ^"Fhoe of CCIP.Mtiihael 11рр1п101 
ernl frmnearpd the earuesl ntnOalo nClhe Р™у1 in 
004 ^11 ghtfrettmtfuraantg tTc death of 
О”6™4 end meuonby rhaorrootvamrienlyr 
daaPtlrЬ^eр». He fimaUynmрvatnd.r„dmtpdautyn 
пПг H itt es™ И ei human Опгто^п, ГГ80 11рП 
smye_tne„,the magii rliocbdog 1^001™! nlong 
ifay from rtemg а ВаИтеМ rn despcraan11, Уо olotofr 
УheulUntaonard rrfthnrayyicnd nowofeen uDanr- 
rnerffof find cV«e lo.o aiiopfhHm.TieethPas now 
beeT moaa than dscadafullo„hg mputrama nr 
^anyfrialr Ont hath d„tlnrgonnanlCD m.plynlii. 
tionaad iha rnk of uha donicr ye T^ecl„r1uanyoarь 
rtaaoe,l^pevFmgbрtheUyn.....................................

tU^eЬьho Пссп Brels T ttuUn1ha„be
dr1ee1CD_,upn,entsrabh cornnaryar1crn 0,cease 
bodPV dyoepoatoii aa fhesepmiaiffsfnny Tm nargesf 
yast^^ ^^opulatioF m benofitlcnm Dedrv,aa. 
Tlrr nr s nf ftieKDlri been гИРоарпОр rSuP1ed rn 
potit nni who grave „Ьшс expellr11aePoat „роугО an 
apiaoaie nfhnD „idee пЬттпа^Р ink lot nn 
llge4n,hg0prhufemgfrpm rnch.cncnishda.
a ■nmCD.anmiutlaoaummahi 010010^0x^1 
is essentially a very intelligent and sophisticated 
pfylfe. И ha. и ,i„al„ cltmn<ltlentS1h,cluUpsr a 
РШигаосюгог end thaknbn Tbacombio eBnn uai 
thesotwo eonponantc eatables tha 04^» tense tloe 
electrical activity m the ventricle (or the atria as the 
utd inaplt41 Tam ЬоЬи.4 andro idsibnu Tn Anmp- 
nb1r aTatnme iy vanour nroeromma0 algoa1thms. 
Obey fOet, lie Лк loacadinnlafa charac nobim o 
„pratnc end na,vaa o u,gh cheepy bhnnksnen tn 
aeudO ihasa oral aa1hyfhmlhh1dtn nna^asr^i 
■Ohe -„^1 fCDc haFhcyahitorarhalwerabulky oud 
lOa ilenca enAd edЬamrp1a„ted ,o thaankrcoa 
wall of the abdomen. The energy was delivered 
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through surgically placed pericardial patches. How
ever, advancements in integrated circuit design and 
capacitor technology have produced an ICD small 
enough to be m.ptenlcd h, ube pr^ectodal fbicar 
and employ transvenous leads precisely like pace
makers. The deeteesprovtde natemadaphve niugre er 
dual chamber anti-bradycardia pacemaker func- 
tiouahty, and stom otamootanre .ea.d.ainn,,. 
,,,format,on „Inch me UreaThe^etvttusdbytereme- 
try Now these devrcee can atso delrve- resornchro- 
nization therapy for heart failure.

ICD therapy: secoodory peohontton vrials 
There are font ma,on mnltpeheeemtetnaetoballnars 
which have assessed the efficacy of the ICD m com- 
par,son with drug. IcDatihetswho Saycondmuedatt 
episode of SCD or a hfe-threatenmg arrhythmia. 
The entry criteria for pali-nts ,n r.acj oCtheee ttiah 
have been an ep.sodi btVPraiandendeiilcnP.cbrr. 
most of these pattent. Ire I torscary rrttry dtseaee 
and LV dysfunction.

Anti-arrhythmics Veraoe Implanoabk 
Defibrillator trial (AVID)
This was the first and the large, oyIhe secondary 
prevention trials [4A|. Thr rhytyincCuVed ртШиР 
who had either sustained a VF arrest or a syncopal 
VTcraW in the setting rt nra hoEFof ton China»* 
or symptoms of severe hemodynamic compromise 

(near syncope, heart failure, or angina). A total of 
1016 patients were randomiaedto eeocive vrther 
Class III anti-arrhythmic drug therapy or ICD ther
apy. Thr Htaary (hdpoiot of the rtody wrs aU 

y cause mortality.
tPnrpnnnmt pufflewasapy trw.lahn, the gam 

enntpy ra. reyards tte age, sex. ent LVEE Mate drain 
80% of the patients had coronary disease and the 
mme I Vi.I wee 31% m 4» aahenti mcfivira .„l bl, 
and 32% m the ICD group. Almost 60% of the 
patents had firnctiorielNYHA Classi I-Ш whte 
.none айО» tn wore «Jaded Aatnng ype 
Р“ ot ibedrug hrerapy prose «Da ert ultm 
receivedlam,odurone aeP rhe r« of cPrem reeved 
sotalol. The patients stere foithwed un for a renoe of 
3neaonA,tm_Mnn mcien.s mAprddbdg^ЛеПаИ 
erP СУоЪ.СгРоМогпс8Вопг1П retninmenVen apre- 
rnaacD iermnahonot tie tnalbpehusr ihe УНУ»- 
““ rn the aii cause „„dAeiilybntweeu sire tda 
8^ !»h mossed гРгаШсТса! УрИг‘епЛгуШпар 
ehrln Cernncahon <,ntl»!ruCy tEnurel.!). TheiCD 
dprub hedasigmflcent pohetUy benefit »y 2a%. 
"“ l yerr morUility «и» if* tb SrelCD Caonp af 
compared to 18% u- Vo bntip sPyeayiyheotsp.'"“ 
rnortaluy benefit,,, ehe ICD gnon. wan 0^00 -ip 
tae reduct,on ,,, thehrdde„.arЛvrC^рta ^eatlis|83i 
and the maximum benefit was achieved m patients 
пЛЬапЕУЕЕоН» own 33% WtThen beeD woe 
sustained throughout the study period and was 27% 

Patients at risk 1016 6^0 333 104

Percent surviving
Defibrillator group 89.3 81.6 ■vr.75.4
Antiarrhythmic-drpat^eeup 82.3 74.7 64.1

0ujpre5.1 Overall survival (unad
justed for baseline characteristics) 
in the two groups treated with a 
defibrillator or with anti- 
arrhythmic drugs inthFAVID 
trial. Survival was betteu tndhe 
ICD group with a Pvalue hO .(^W. 
(From the Antiarrhythmicsbreraus 
Implantable Defibrillators(AhlDC 
Investigators, (Г Ursgl U U/ied S997; 
337:1576-83. ReprintedDgh 
oermfcion.) Copyright © 0997 
Massachusetts Medical locietu. 
All rights re^™«l.
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at 2 years and 31% at 3 years. The average lifespan of 
7 patient was found to beincrERed by about 2.7 
months at the end of 3 years from the index event.

The Canadian ImpbntableDefibrillatye 
Study (CIDS)
This multicenter trimOSO]ineludebg5 9 patieats who 
"" randomized иаИссагееетеап IPDcirarnim 
darone. The entry criteria were similar to that m the 
And-arrhythmics Venmo tarptaotable DeOMlaUor 
AVID) trial ermpt tltel the oot eft 90,1, for ihv 

LVEF was 35% and tt otthi rndttded pattern wtab a 
VT of more than Ihd treats pe, oennOe or paOentn 
with inducible VT m individuals with unmonitored 
SDreope. Initially it» deoiaeb xhaf tUe prrmaiy 
endpomt was tostuVethe aorlrytlintK deotbandttd 
deaths occurring wsSOrn ООУауг trom the trntteyan 
of therapy but Uns „or rubseouandy changed to atf 
cause mortality. TbemtrnLVEO offoc panend wan 
33% and 34% 111 foe lwogrouds.retpeettyaly.feyd 
pabents ,,, NYHA Clash IVwerr tln. mdudrb. The 
results showed that there was a modest decrease m 
the all cause mortahtyezmiO1 Pty O.Mjaedm tlie 
incidence of arrhytUmap tfoaths NYOHh. C = 0.09) «5 
years 11. patients rereny„o 000^04,^1 thedl- 
ference was llotstatlmlcellyrlyУihiaaut.Themclbbn  p 
of coronary artery еПт^ Ла rneao PVea was 
sinular to that in the AVID trial dust of notewasthu 
fad that there wae a eignifid.Dh caassLPei rate a, 
5 years of follow up (30% from ICD to amiodarone 
and 16% from arnmdaeotue do ICD:. ApthtsticnaSfe 
group analysis showaL that dee. nw to,,.,,,, deuatd 
with the ICD was mpetianda aotlr dsyUaghem aaok oI 
SCO. whach compound df_%aoИeemehenrodbth es 
LVEF of less than 35% with NYHA Class III/IV heart 
failure [85].

The Cardiac ArresC Studh HaauLouog
The Cardiac Arresl SUnbyHanabnng „asa rnnld- 
center randomized study to compare ICD therapy 
against the efficacy h dears |86|. The drug. hD 

for con,parison were ps.?odyetpnh. arniodydi.e asoO 
metoprolol and a 31 mho oh fanOom.zolrou ac.pu- 
" between the aeag a„L КО fams was used. 8 
total of 349 patienirwhuwere ottdeaesirOuardtoe 
arrestwereemoUedoealru.rtidy.Ds waffi altthyotlree 
traals, almost ПггееТоиеНггоО dee раОеМгЬаеес,^^^ 
nary artery dasease. Hn»ooea,thunttdn EdEd nt dye 
patients in this study was higher (46%) and about 

10% of the patients had no structural heart disease. 
After 5 years of the start of the trial, in 1992, the 
propafenone arm had to be discontinued when an 
lnteri„lanathУb^7irетealeаdtut deeae was ebtghrr 
rnoriaO^ uit the propaSennne gap (0.% csaae 
e 1%). Ahnoil aH thu оРрОп. moetahOyaaiasdueto an 
addmonal „cadence пГ onOhcndeafos ■«■ ns uWe 
propafenone group oorsos none in thu ICD group). 
A, the end of the stddna.h,fo„ar at a mean doOc, 
up uOSPtnonfor. these war e 23% aebhadoii ns dse ah 
eansemonolary »,fo ICD hrerepa »Ueo, cyme-end 
wado dnigelatnaodroanae w«l n^repopmlnld-rhew 
resuhewerebhrierhuurigmfcodUtPi.amdtdes,^^ 
ebe^^tbhrifcntrayee-fou.tWiLOfdwi.emeatniere 
suNYUiAClassn. the nae» PVEF oah the 010,0^00 
dUpyCantswarhnornaar hernia „era hrgtree enh .row 
thanhalrrhopamnUhescelLedeplearУlaUlaad eurtems 
hy thoraeooomn.whuh aYnhiin^s^nrstoP- 
asatnlemortahtptoromeettraisdTneodmasaeslt_ddt 
O foese tasiors cotddhrne ledtufoeunbaeettrnh.- 
tion of the beneficial effects of the ICD.

Th eDutch wtudy
Oseh. „op y small smOg -OS] »btde «molted «. oom 
secodYa paiistds who were snry.yors of a VT/VF 
Cdnfsoearmst.a greater thread week old Ml and 
„PnobleVT with ehogd.mmeOsleeU„eaS stnnwda- 
turn ^1 were taodonuteed to entires an !CD 
“*■—11. = PS a os to aon%odo„sl ВерШиет 
(n = 31). The conventional treatment included an 
op guided dmeyr wld, d„l8saYd sSdfoe fe.kd Ohe 
patsones andesweaat mthDeracdg 10..1 ablation tPoe- 
1aly.thЛeeventoffnta aot adbiupo, fooiarttrndetl 
bh an EPssudrt thppanentsUnOer„e„l an )). It 
imotaMehd. ^ousio rhe wthty wiis .natH she 
hrnfenol Wtokgone ounrewi™ on dri саапауптепооО 
Uaitems notunfcearng an Keih inaplantadon. Thu 
rneen EVOnor foe poeonra in dofo aryphs we hoy 
(29% m foe conyendonolurowip and MePeinfov l CD 
group) and the Killip and NYHA Class distribution 
wru^ Tle resoho foovn-id dhan fouri wasarse- 
nsfweasrt ,^00 in тогГаЕеу in foi -CD a-hup 
aesiec esahne _35%) eoUfo,swaspeedo„tmeddydaг 
to the reduction m the sudden deaths.

КВИеетпру: primmsy pyevutnaion tried.
Ossdut уашггГ thiid foe ampacaof ГСШ ^ysvo m 
Oto esoonOefypreventlon duals generated enfons,- 
asm m trying to identify the high-risk population 
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which was likely to sustain a cardiac arrest in the 
future. The importance of primary prevention stems 
from the fact that in most environments, not more 
than 5* of people aen he aesoedtattd successfully 
after a oardtac „fulll» heeurmbfor scd, drn.cal 
mdicators to tdeuhfy flus hegh-„skpopulaf„,co,,i 
Uuues to make headway au% oltkely to hu^ebrtgud- 
tcautmtpaotoumuafspleascecdsofahirapytkrheail 
disease soteuhfically.etCts.flly. y„deys>uyu„h,cdlg.-

The issue of prmsm^ypsfym.hpkof WSA tmdtUe 
role of the ICD rn tlnsooutextiemeporSskdydnctu 
by the accurate assedsmaut ofrheuuderlyurgdisyasy 
and the accurate determination of the variables that 
can risk stratify aud Pfa the "lepylmkark yovala- 
tion. This is important m the otherwise seemingly 
syrupton,less populatddn.fa.ime ICd IpmUnMoyo» 
“ a surgical procedaneiso» ооти^!™! ofauy 
risks, and its iniplaiUy”ioii Oeio eueeuitaK impkeay 
hons as well. Hence ffie luusroSedyelr.s„p„mary 
prevention trials is m,uonan1mM1ermgo utlPe Ou 
gthle population which is itdeip to heunf» iron, hre 
implantation of an ICD. Тре тауя рпапаау prweii- 
tion trials to date and are discussed below.

Multicenter AutomaticDefibrolutor 
Implantation Trial (Mlian'i
This was the first vludytiivtaiea to eomcuro 
die effect of propMHctic ICD Au^tudadb 
arrhytiimic drug therapy atrnug padentaata h,Th 
nsk of sudden deook S,nae uon-sholamrd VT ,ie 
patients with a p„os Pfl and LV dkiVmoriou u «о 
cated w,th 2-year „ikrtahp. nd the i.-ee oh ЗУП. 
|43.S9| theseparanieOersweor dsel to raleottlsn lugim 
nsk popukahon. The_iientreB_mdud_eV rntlsesmVu 
had a prior Q-wave MI, an LVEF of less than 35%, 
evidenceofuon-sp..m8.. na ..cO g.i ЫсЫе.perrn 
suppressthle, sustamek, k„uи„lysph,eVO cnnryy- 
sive electrophysiologic testing. The study included 
196 paneuts. of weied ldr ртЛи. г^1 0u„ 
drerapy and 95 panemsieee.ved ur SCD.TU.nvmi 
LVEF m the two groups of patients was not signifi
cantly different (25% °n° 27%, rersrcovecyP. Almost 
two-thirds of the pnPiutrin «her wronp pifoe d 
NYHA Class 11—III heart failure. The most commonly 
used drug was Л„,1иУагоуе (.o ata, ffid of Л° 
patients) hut PWi oP Ле padonu were uii uu ЛЛDs 
at all.

The results of thr Oodtl [ЭД war- au (taurine r.i 
the trial had to be prematurely terminated m 1996. 

There was 39% mortality in the anti-arrhythmic 
group versus 12% mortality in tho ICD dhoup 
(P = 0.009). The arrhythmic deaths in the two 
dfoupr weee I k mid 0 respwUvely %e lUr ISSD group, 
rernoiI vmru rfffie pahem (ioU reiewed u shack in 
dreSOrslV umri Лег thI,uiolautahon. ftailiiic aualy- 
uo rpri epoau tovduta the giealedt benefit war 
veenm U1alientswlЛtltf worst yr 1rtncurarlunpfion. 
e Tins war one fna-riiO re rlsuw tPaS lCDrsanSU 
imksoperuvviuahu a symptovdeys liiyW-nsk uppkra- 
1-  ̂rУlo„ul^rteoridneast.TPpwPayePwup„ir 
amnyu Otithp MAD IT trail, w иоЫюи in die Sad fOel 
Vewet padenia u, tiuconoemiomal inuug were use 
kfhPsЫsgdeni( Л» wnye pymeissuai oi pdorco,po 
dCancehf[ththe drupi wtd1hplppeofdrop nsediui 
nooadsdsrPIluI«tUenrltrs,a(»l«ehekoeayniafcInУ_ 
Vaelmpотf,rEsaof „rkelrftikeanon ae.dPie rvuoi 
mvarloeEUltu^ madnavwglhhgdalvbjeeSlPe(У.

The CoryMon Arnk-n. Bypass Graft (rrftoil
Iriai ICAUGngArC,.)
noyu САВС^а.^ trniletirolledpatigtns undernoing 
anmuuyeuuuiybypass^fCABG) snrgyrydehey 
lead an OVEI °f less ehanJB"* auT анаЬпогта! 
SAuCG Theprtreoe. »eABG^urUoh,Ih ао^т 
receive either an ICD using epicardial lead systems at 
tlee time of surgery orio set(lve eo ofhis anti- 
errh^ dierapy . alf By ihe oasi.n od Pi- trin 
itself, ad patients had coronary arKty , ГгрР^р.'П.а 
rneav LVuu ui Ле was 27%. About Vhiefr
fourth of the patients had NYHA Class II—III heart 
fadure. The shndy тсгпЫ pmfeudr vuV Cey
were followed up for a mean of 32 months prior to 
Лe1ey„lnratrovofЛestkUv.^1aeresu(tlpho»eNaYlat 
Ле meal niofflhtu wri uok ddfudArI ii iire two 
groups [92]. The total mortality was 27% m the ICD 
gpo°p veesuu dA% Ini i(ei uonlnyl и- TUs srnkp 
аиргеяе! th,T oronary 1™^.™!»» man hadi 
ОппгрьС tnft^geh VorarrMta- eves urid Лаа 
SAECG could not prove to be a reliable non-mvasive 
ЛцпагПпр top„aswe Eo t°diiuu ea am miesi-gaboo 
for risk stratification for SCD.

Multic^ter Unsized ouchnoardoa IPfel 
£М,°УТТ) „ . ieil ___________
The Multicenter Unsustamed Tachycardia Trial [93] 
wysiutytmumnsgdeaued totvsluatethr efficacy of 
the ICD, but to study the role of an EP study guided 
oUproach to prevent SCD in patients with a prior 
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MI, an LVEF of less than 40% and evidence of non
sustained VT. A tot71 of CH0ApaEen5s were enrolled 
and they underwent invasive EP study. Of these, 
65% of the padenMwew „on-Mesibk audthen 
were followed up as c rensdyFromtherenaattupg 
35% of patients, 704 wety „nddonttnf nv etthet 
receive no specific tauahumn (n = 55П) or to reaesn- 
EP guided treatment (u = Kt). ePgatded drug 
testing was done to suk-t Йе rtthntsTtbyHttwe drug, 
hut rn those pademrwhv „eeeutc.udptemtnie, ш. 
1CD was implanted. Mos, ot dre prtmntn rn d,e drug 
therapy group wetetenynrg Ono О agente.The 
mean LVEF was 36%. An 5yeihebf UsDUfrf^™ 
found that the total mortality was 24% m the ICD 
group 4S% In the netdp retuQUeg „no thtospy ntC 
and 55% m the group of patients receiving AADs. 
The incidence of sud(lao Пеа11,»ааП% indre .pD 
group versus 37% ■„ tdeuon-KD 1^4.^ aghrn 
confirming that the major benefit of the ICD is by 
reducug the atthytFutfcdeotlD. O ee. roodf uop auln 
con&niedthesupetidnpittftUs ICD тстпр™ 
of drugs, hut also sCdDeddruateenung haamddnnsr 
of drugs (especially <tOcslAagents)inhadsnlfW(lh 
coronary artery d.seesnauddVnyseuuction.

Multicenter AutomatieDefibrilldsne 
Implantation Trial II (MAltHT tb)
One of the more reefdStriarf tl.ylfocuseaoii the 
issueof primary preveudonfor rcpiodisMADrFbl 
Tnal [56 941 Thu naPd.readiadTressed (Midi. 

whether LV function, the strongest known predictor 
of survival in corouaru arteey dm», conn in idseSf 
he used for the risk .OiahSuaUon oFpsticnfalor SCO 
n, order to decde DhetheriLreaianeldcayeobcdstt 
from ICD therapy. Thedtat Ье^с rd SCy id97 cud 
the results became ayedeOkm2MF. Hdwuvsr, hD 
results had far reachn,en„o11eaannfe„Pcahfedne„ - 
sadou for aeetropbuHddtgtat. th creynF (he gfehe..

the trial enrolled nil pehettt. Sam fit ape of SI 
years who had ee.denee ohapnor CS( moradiaa С 
weeks old, a receutechnu„^d„gtcdh(c а!^».»^- 
t,onofseeereLVdysfoFet1o„racncfiet^0Cy enLVEF 
equal to or less thac aO%P enhthey wcuerarrdodf- 
ired in a 3:7 raft, D htFur OePЬfOlaSofthesaoo »t 
conventional therany.A usoh ch 1232 иеппи1Ви,еге 
enrolled, of whom 742 meery-da neab„frit)ruoa 
490 were allocated to Dcn.eco„dedao1^l drug 
therapy. Those padsdfr wUoisad nndergone a rbUdit 
bypass surgery rn the р)^ 3 manthsc on tco 
experienced a recent infarction m the preceding 1 

month or who had NYHA Class IV heart failure 
were excluded from the study. The baseline clinical 
characteristics and adjuvant medical therapy were 
timihs urtSseSwo gmdns a, dan ehn. aO -he Yfudy.

а Dheewuh. showrd tlcxt Ле ^^ nerves cau 
neoc for the fast h momhn baa И-еи bvann dt 
C""^ Dunntg the cderеgeSo((n»ddgfreemn„dta, 
the „„analuts^s u the eoFУe„tntnalthat((ny 
m^zto n»d tte ICD dtttup were 19.S% and 14.h%e 
resaecndely. There oat а^п.бсат redattoon imthe 
all ccuon moutahty no de ran gcaup cud nf «та 
abonrrn'*.“(„’5 fi„cr^Dsd.hn% eпdt т the sac- 
aud cfih tbtrbyeaOi seeoethvelF ^5.2). СП» 
hazard ratio of 0.69 of the two curves was indication 
rf the taut thue gb-ia teic.(OD .“duaifon mdaashh 
tor dnathan wry inlesval arnonc hrc pffieuh on the 
eteDbnllafor gtoup az compareU ttadt pahunrre tu 
She (coup racaeeutg uonnalmo„ai thera-p. МЬощЬ 
the ttshtAdn tualen.of pan.tsyi DhdtidamhSed 
acDrUrnntoa  ̂seot LVER "ООНЗ Chua.Ьспп^с 
nuh,nSsahater.m,d Ыоо» е-ат dtti „oh shosr any 
ипгпйоапп thfeyeunn. it cat псиНп dual leu ТрСсс- 
ence in mortality was most prominent m patients 
wSu tad c QRS dcrodon ttf rno,n dean ПСте. 
lnteeafmfuly,d,e hoctnSutaSr1dtu were tttghwmSdn 
KSD nresni-anh it «so hypdnfer,cedra Ьaduefd 
enhcrl^ .ttrytnah rn rOis group, (“C eSoQ»- 
related admissions onwor.«s„,R hecrnfseenaedueSo 
slud^l иryocaatal ,n,ury or hcchtp 
1 •

................................................ .......... 1 ..
She hen adtad a ncoi Omtenrlo„ for Osa is-.t 

tiMl1imdnoFndmFheaemea1lISmar^ents_«i,thcufR. 
onryartncy dc^. and shntred the poss.hihfy that 
uqddd hUhneo^UtOF for fins aosnosa map ho dt 
n,s vergeofrubcantetitbya siD),m„.e„timl^1du 
aeaftuusunt oCthe UafEEAfOCoohh, n tnoy nnP be 
aegucd whcsOer dre Uteh^htutennoC padenSs nothau 
niJuciOk nem^ulae atf^rinirmw eeas do ntht. m 
the two groups and that the issue of the type of the 
ena1Sr(dfOhhdtaherao.liianno1nson(cddFe.sed.rise 
UDoheor.rt.0^, stao Cot a while oioU woalO к™ a 
eradn. rattgneg ocanoimn n»oncet«eaЬreaU no sic 
badnot-bhiw^d nsake400,1i0aisewpetecn(seЬnr 
niO-foe ida nev.ce 0^^ madde-on n Пее М 
wlO1hneaho»«ld аксаОр be st- tOe »m,„g de, or 
the United States alone.

ledObnnaeor»hi Vcute Mh Tn.d tDeNAMIT)
The MADOw U taal maUc c .mnah rnrd»
practice and management of patients with coronary
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503 (0.91)
329 (0.900

274 (0.84)
170 (0.781

110 (0.78)
65 (0.692

9
3

No. at risk
Defibrillator 742
Conventional 490

Figure 5.2 Kaplan Meier estimates of the probability of survival in the groups assigned to receive either a defibrillator or 
conventional medical therapy in the MAD.T at trial. Survival was significantly better in the defibrillator group with a P 
value of 0.007. (From Moss AJ, Zareba W,HaII WJ, eta/. 7Engl J Med 2002(346:877-883.Reprinted withpermission.) 
Copyright © 2002 Massachusetts MedicalSnviety.AlaiighEsrpserved.

artery disease and scvnrtLVdysfimction.Tha utility 
of defibrillators in imatoving long-termsurvizalin 
these patients re-emphaiizid©heg21eofahiatthtmh- 
”,"“lo8y rf.sa’.e". >^г“- ve« V ysf 
defibrillator trials excludfdpatttors„1» hadarngeut 
revascularization oranaente Mb tafact.tlseCABG 
paid, trail failed tosbetvany bdueCtof KDs mu 
paBeuts undergoing n^bbrnabs»,. the tUtiSf 
cause being that pabentssvure unbfflrf Uf, earty Mi 
an ICD. The role of prophylaulif^efibnbaSorsshunyy 
alter an acute Ml «tut enter anatly «11 definud and 
the Defibrillators In Acute MI Trial (DINAMIT) 
tried to answer this quarts ol,'^ ebPO

This open label trial randomized patients into two 
groups to either геоте KfD uberopy (33A evelinB) 
or no ICD therapp d34b ртиспГ.. -Ileiror,,!, 
underwent raudonnzahod mln uttber eel ta.» 
groups ,f they had gr,_uttdK Ml wiSliinShv lasttt-OO 
days, had a LVEF ad dfbr ar toss oird trail 34,dmu4iO 
cardiac autonomic fnncPoe 1»Ь,пЬ woe ursr^en by 
е,,1,егаЛергеааеЛЬдег,тПеУ40ИЬО^Гу un auealceMad 
average 24-honr heaurratuouHoEternronitorincd. 
During a mean follew up of tOili mouthr. thsso 
were 62 deaths m the oronpetpaUcnOwho rrcv.ueu 
an ICD and 58 deaths in patients who did not receive 
“ ICD There was up ЬИиаеа1 nrths roooiro 
between the two groups of ncuiehdls.ckihlp shmwntg 
tlrattherewasnobeunfirrf ufda 08 апКОпграВепВ 
shortly after an acute MI.1

Defibrillatora vn Nozi-.sahemtc
CartWomyopathy Trealmgnt4valu—tion 
tr-at(DEF-NiTE)
■nrrnaoc ul lite prophybrtli tsesI nNbrillatOh._m 
pelie„B„((b„fn-BchrmocaydiontyoTrtla'minbUE 
nrd to ire e dto-tablr on efDt.alougBme. The use of 
nlacBopUyd,otog,c studiesio tocet paBeuB laac 
uooeofn umc to be rewtrdindano thamaeomoerdnon 
the pathophysiology of ventricular arrhythmias m 
Cfcr paCeoB was aka teas oefiued Two sancll siudr 
ion drt Carh„„yopatl,lTrua1аCdlTt emSthaAtmo- 
*'““ eтeeddra> t„al (ЛМЮтТ) tried do cn twea 
trie qrieidorn «Ьейег prophylauSuc tlariapd wid, 
sleeln„llntnrr,n petde„tt cuPt nodrmuhed„e ear 
diomyopathy was better than standard medical ther- 
уегоо.,,,,,...!,,..,,!. redfe_at^4eff [ИЖ Both Bods 
tra<tfelaвvr ty unralt dumb» hd pnlitute mud short 
drnahdm t>tf4ll», upirnd muho unuMeto show any 
)vid_once т Onvor ofthelCDi. u c

The DEFibrillators In Non-Ischemic Cardiomyo- 
риЛу TreaSmndt Evahiation (DEErNfTE) ОЫ [98] 
«^ап u,pu.llgи.l l(.nc,leO .го^Жь ВвСвЫЛ 
,nтdт.s,laad 4^,aBeoB_t,Efie „оп-BahdrNu car- 
tdbhTfelllaУlCmI.VEFdflptutОm_lld%affdbfnO- 
вenldnndlefL)r ecnopy[dnfieed uu rhtf 1^ 0 
mean premature ventricular contractions (PVC) 
..t .. so ul lei .(I 1^1! l.'.IO'or Is.iio or ff'l! ■Jl-e.f'llc<l i'o' 

on rnmue them 120Срп,| n,to,f„o groupe A totud 
of 229 patients received standard medical therapy 
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with ACE inhibitors and beta-blockers and the other 
229 patients receive8rn ICDinaddition to standard 
medical therapy. The mean LVEF of the patients in 
thestudywa, 21*. W,epM,ents„bie fctabup foo 
a mean of 29.0 ±14.4 monfosadV U8dmafof 
occurred daring ties terne. Of. fore, « deaths 
occurred m the ICD grbvparid4%deafosmfoe 
group of patients treated with standard medical ther
apy (РСО.ООв). Ио.» no)ab)e foat foe utunbeo of 
arrhythmia-related epesodes ttf dCD mere bfmiu 
candy lower rn patientswofoanlCDt w,„e 2 ue lUe 
ICD group and 14 m the non-ICD group (P = 0.006; 
hazard rado 0.20). AtDroem the differwhce nt fo„tl 
mortality was not statistically significant, there was a 
demonstrable tretidtowaowe snrhivat betieb't in 
patients with an ICDand о sigrnficant rednnorten De 
the number of arrloyfounc deatOa. The authors 
believed that the study became underpowered due 
to the fact that dtp numbee of arnh^mfe deaths 
was observed to be oereudurd of the rteeal numbed 
of deaths, against » expected rule oS SO*. amen 
thought that th,a rrnght hate eoieinbdted Ur foe foot 
that the dtfference w thn petrneey ond pouet (tn dr,о 
case, total mortality) was not significant.

Sudden CardiacD.oUh tn Heart
Failure Trial (SCTDHedd)
The SCD-HeFT trieil ,,(>] wara lotity awae'end reial 
with the expectatiosssoo tanttrs CtefqnesIHoe. 
before mapr AingFamuldbemadeDo tOepohces 
govern, ng ICD rntplen eakoncn prt.enie wtth haeei 
fa,lure. With the tele of tCDh hTOOtmg unchal
lenged ,„ the field p„f secondoty pfuhmdob,m„sl 
of the recent, researho hasfomsed on rhKnrdeforng 
the role of ICDs in primary prevention of SCD. With 
the lack of predictainhw of поп-т™* end net, 
s,ve electrophys,olog,cttesh^es,eshehraee. inpaUente 
with no,,-,schemic eeidhmeoopetny1dff emph.efts oi 
patient select,on has marnkyOtepn depopdenton thn 
LV function, »h,ch_tdl todao eontrnnes lu defoe 
best prognostic indicator of long-term survival m 
patients.withheartбайт _______ . y

The SCD-НеГГ mat encoded 2htl pattento Korn 
September 1007 to |nly2001 noC then peiemeo weou 
randomly assigned ,o enual кецкакот, Un rece.ve 
therapy with either plroebs, annndarone oiusm„)e 
chamber !CD, ,„ addebou ld then usoal btarthafure 
management. AH pahndtoamollnd mfoustqby„f-a 
over 18 years of ageded an PVDFoC 23* n, do aunt 
had NYHA Class II or III chronic stable heart failure.

The trial was designed to include patients with both, 
ischemic and поп-ischemic LV systolic dysfunction. 
All patients were followed till October 2003 for the 
primary end point of the trial, which was death from 

aIOtyUSe* a .,..._ , .
eWtaa tentdommbaon, them weee 8O7pat^ente o 

tioo hwteЬo0h,up, P<ladaOdnBm_thaa„elonarope 
group and 829 patients m the ICD group. The 
median LVEF of tlwpaden12 „esUU*. hOm edwtd w 
heder (Dime »»™che„hcnt bO* oeeh non-dahrnree 
nd «dV naudtenm.ento. Abo^ut 70* of dee nel.ents id 
»ere mfp„ctton^lNelHA Claeo Uadh dU/em 
mwn c/aru Ш. ^^21110, npiwm lsiu 4Г.5 
mondes Tide e« ofЬet%Ыockdss^lluel fodow-uf 
oea d 1 mlf tower ,p foe Unnodatona group (7k* 
fi^n, 7h* ou foe placebogroup and 80* nt tOu 
PCD gto„pl, but on™ ids d/dca,gr„ups «, 
vvay smukm ,,, foen besahne dbaraWerukDe. burioe 
ide Яиер(риг1^ there were a luted of *<. Oenfo. 
laor/ee. TUdt induped 244 deafos шЛа plttodw 
geoup да), 2УО heath/ m fteamwh«idtegdesdp 
(28%) and 182 deaths m the ICD group (22%). 
2““' ublumgh apnodarope wao pv Vdtre,■ drem 
„“о redpa^ ths rede оетоПаО-у dee/c waea 
гжгеаилоае т the ml- nd death v пакете wbo 
recaoiud a„eCD/rhcdeneasa1d^ateshh,«rhOvatto„ oh 
0.280 ^e nsk of mnd^any mfoerepadep-oafleo 
5 years (Figure 5.3). The results did not vary 
according to the ischemie ou nocdsdeernic etioloop 
of the patients.
.Tleere wear ofow о11о2т Г/иеаега,-  ̂^seovirdoys e,/ 

h^^!i»ewhtah»eт not hUa doedefi,led mil oomOu 
ef Osettudyhut dokadeioomUo/thought. Atotalof 
cut p2t„eK0r«) »rm -2ур„,2 io тсс* a uht»± 
lomi, thru апи-ке Do„ o,,p cause. Oftheae., I* 
patients (21% of the ICD cohort or 68% of those 
tetlt. a e-cdoed e sht^e di.d eeu do. amplh VT u. 22U 
taptiropnatt a^rktt. «еки. drnrng foe 0 parts of 
fnlihWUde diamemgh u„nеr^,ameOifoi.scdsltoek 
1ео„,ЛаПе„ке «.пСА* sth foatfooak,apvsoott- 
aee rfiaad „esS.l*.Tha. reOuclionmfoe uit v. 
death m the overall patient population was not 
drepmUeno oar the causedf CHk hut tl,4 .admit 
w«, OTHA Ctae Ш.СНР deorousamie re рИет 
»h,ch»astyp,cally)ie^tre1Ufedmthdtoftheovemfl 
рериктоп -rd V» pre„,ouo M1s. 0l/t gropp 
s„owedno p„,^cwt tefownme c, dec sock nf оест 
a1tu„,atet,ty hi foe KtD центр often со„02-2П wtOr 
hhudЬta <» hew other berndo UmtoOardlee w-s aoso- 
ciated with a 44% increase m the risk of death m this
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Hazard ratio 
(97.5% Cl) P value

Amiodarone vs. placebo 1.06 (0.86-1.30) 0.53
ICD therapy vs. placebo 0.77 (0.62-0.96) 0.007

No. at risk
Amiodarone 845 772
Placebo 847 797
ICD therapy 829 778

015 484 280 97
724 501 302 83
733 501 M^O-th 103

Figure 5.3 Kaplan Meier estimotas oSdeath from any cause in the three group of patients in the SCD-HeFT trial. 
(From Bardy GH, Lee KL, MarAD3dSta/. W Engl J Med 20057 352: 225-237. Reprinted with permission.) Copyright 
© 2005 Massachusetts Medicpl Society. All rights tes3rved.

group. In view of thetria5dessan>thesmall number 
of patients in this groom Badyonflicting results with 
previous ICD trials, itmay be fan- at this point of 

agreewith dae authnre ihattf the resaildrnan 
not be suffice,,, ecdenoetow.ffiholglCD аПегарп 
in patients with NYHA Class III CHF, but it does 
merit the use oi caution V t,reSer,b,nghtm,,>darone 
,,, ffiese patients „.thouta,, CCD. The ПаПоруоГ 
AADs rn patterns „.nhCHFhas „nherbeenrcatntg, 
and now even Amiodarone has been put to question.

ICD therapy: pont-implanrt issuee
Tl,ere have been vanent novbmnplatte.rtnehw.tb 
ICD therapy. The implantation of the device can be 
fraught with complicDtioiie apart Pos, thmusa.nl 
risks oi hematomas and eaeurnornovax. tare e- a 
risk of device system тПеаго» otl-ka/nwlunh 
almost always reqrnraa ae-rari-ei, of Da a-tns anD 
leads. Tliere may be dikloPfeeiint plhsannalnrthe 
venmeulat leads rn h-4% od nehntts. In fisonnhhn 
to lead dtslodgernanern proeutakqts, tbeoanse- 
quence oi lead thsMemsent neatednemtoeaedfen 
can cause rnapproenats thoakaor Mute of rhe 
device to convert VE hete oomgheiln-ns related 
to insulation breaks, conductor fractures, and lead 
dysfunction are notenre end were partit^eenr.ya 

pf oblemwitathet afiy fran svenourlpeds.Tht recac 
also beptoblemsrebtedto ihsombosis andoudu- 
smii'Of Shevsins. Many of these causes can lead to 
ffie feed foddhtraaleoof du -e-hnmeitemnyelne 
-l^e_devtonia„dffi,S,nOsdhuVdugftwit^,lhe„sIeee 
a- ..tn- crrmn-totansm up-e 2Vi nSpaheuth. ,

The Kt-Deaan haeea lhtn,еoant nnonatondte 
qhahtyofhre(QOL).Wlththe mereatlnaIe1nlyalln 
ffiae Pt-mmeehmn f rareotcofDy mahguamarrbythe 
rntaSm dee. escnrore likeey Ce hata pregeehamn nnd 
“"“"S nf fen aaaid 0пер„.1п pautmes ensn 
^П^ь may be eloЫah,lrelateftD О-ус-гик^ 
ical or even cosmetic distress that may need reas- 
D^antq,mdanprouehtth nana, Some conunles 
rnuy^H .uchpytieets ftfaa dnrthg pfhee 
vehtcisa 11г reen then own, tonthed1hntyhrodte г-. 
ee ednadoun dhere aеa,entaneea(1(t t"*^-™! 
“’■'Pe1 "saaUrom dues hSтl-a■sKmtaD tan e nrS 
s1,eo,aleh„astn..............................................................
, 1CDe toned ta haeet>oSenOale1ter(aOhnI wid, 
dIehS1eluehrhe gsa,ntelpгeetmohersfeed tohe 
neea-tht Thedrugr aoeld aCterthe sensing and 
detnaOon^f thnaee,,Beydnometangtbesl(v c.w 
ettdt-^eгatenftat^,dtgcarfel.Tl,ei1cohk1raa.^eaan 
nuanana mtaptemgandffie seeMenaahoo tteeeah- 
olds. This is potentially important with Lidocaine 

thmusa.nl
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and Amiodarone. Magnetic resonance and radio
therapy could cau82 problemsto 5he device and 
need appropriate precautions. The surgical cautery 
соиИ trigger the doiae end dance tire ICD tlserapp 
needs to be swttehed off purcou such uroepduris.

Recurrent shocks ironrthe detooc couldttp o 
potent,al problem eupertdhy sod dev shodd ate 
inappropriate. Thieis usually whs pee. e,ther 
patients wrth atrial fibrSUUdPd or us patienff soli, 
recurrent ep.sodes of pouesnsdanaen VT. Als.el Utb- 
nllahou ,s most often sda danse of mappuruesaUe 
shocks. Most of the tsrnes, Wrouhleihoodug esn be 
done by a srnrple repuagsenmernf os -he dev.ru so 
accordance noth the pottaote nneds or Ise for nd*- 
non of the appropriaUfpkparma-odresupy tntseah duu 
underlying rhythm didorbaorp.

ICD therapy: conclohsons .
t is now mcreasrngloelearithat phenes tudhCHF 

from LV systolic dysfunction form a subgroup that 
is a, a high risk of SCD. MoerafthecepabemiOaye 
coronary artery dusarr fr! efannnnrbes detu s 
non-,schem,c ddated ceedtornuofadry. rtudhefdhdi 
the long-term survival is predominantly dependent 
.,„l|,sk|l™„ll.Jllriael.le4e

Pntrent.wtthtsedaioaehfpmdn^ys^perhiiye.mpa- 
o,allypred,sposedthre.coffaptnenldKu^ara„lЧeede 
„„as due to prows», uP о ferlde s„Usldatuarod„d 
soars», d„„areasof1„emetpwocard,u„.a„ddycd 
mechamsnis are тотс sae,lpede„0OyЫeЬya„ inost- 
stve electrophystolonie teftrng. s,--!, рпОеМсЬ»е 
a very hrgh rnc.deuee ow rfc„fsroecoO а narnpi 
epnode ,f they are тскуЮ..™, tPe&rrep,roУp. 
Hence as a mode of ^сот!,^ ypevenhon of OCD 
m such patients, ICD therapy is the first line treat
mem. However, ICD Ь^у up0 huve c sdllraud-l■ 
role to play m the pnenury drmayOdh ph -oyOeu 
death m these patients as evidenced by the recent 
trials. An inducible ftp m tpespnatients Тиа eeem 
to help in select,ng madems who tore h.keld en taem 
from the ICD, ЬпУкпУу ,tuep„,s shot tiff p„y- 
invasive assessment el the LVBFmay V vlttSru^^ Pt 

• *1
requlred-.................................................................

Patients with поп-ischemic cardiomyopathy are 
also predisposed ted» oceprs-„ee ust aemricvta 
nrrhythmras. As od thccyrrent data available. ,t 
seems log,cal to suggesl shat l< Г i Denny rhonld bs 
the chosen „„de of d-esapy fee «„„dayy pnsvud- 
t,o„. Tire role of the CCD su pnanary prcyestooh nfed 
clear m view of the poorer sensitivity and specificity

of the EP study in these patients, but patients who 
have non-sustained VT and a positive EP study are 
likely to do better with an ICD as per the little infor- 
vadooee^oЫlklro„tУsffur^s.Perrrdots.ltShaЬpot 
slk branch co-entraot ИсОу-иУ^отЮ die nelf 
rudh аоаЛекг abladou sn yirw sP tor hagO iCd of 
ииссе». The curreift dslicd ovc not drfirn Легок ef 
fhe iCDm taeubyopnp of patlf„fe sdlde BP uUhOy 
is nqonrye. Pul thrns to hasa sp oasosn riot thr 
риппис who а^пЛ soffpope woueddodptfv 
nhOr an ICD =™_^.?e.ri:er '„“п uh” е". 
оЛнЫекЛуиагЛа-ТадЬк ________

With the availability of the results of the MADIT 
t . otih efe „CD-НгРТ criaw end dm „tore recce 
Danscoee od.hel,„es.fcrpsda„tu ^„0^9 01 eess 
iH"0'"!™. V SM su Ыие1о deaf des tinplama- 
honufudayys^tcr could stse bepprno Ле staiv 
‘“‘-Сc™ fop all panels 6^™-п-орЬу!™ 
of SCD. It is important to remember that patients 
are unlikely to henedl on lhep er „ЬОопЗгп-пПУ.р icy 
e „vascular,rat,o„ osyccdhfel td‘PCnr a rnesphc red 
iposr Mi urePtfe p-tmarb „yocamd.i<S»oase ,s P 
d,a„e euenDo of davudon PS^s a_dte msrumtam 
-тоимо- uo,e Лес »h,ch Uscis LV -ouehnu duopld 
nu ре“ГУсП l^’s Чк Ресе-юп Гугш„р11тГппг-s 
ICD a tadsln.fcr parnot. nl-, save had ean--tpeof 
шtSmУdl„d„ans or ^niieuosnt,„enaVFa„ust y,uds- 
famed mo„o„„rph,aVTt„thap^ercaeufay,hVEd 
oe-su* af ыс» etostpowouFd defis„foSy bedta 
‘ImclarO ef пт Thocmrrdfgh,deb„uf[t»01_adp 
ums>haf,ce o„ehe гскЛ 100 11^ mpotsf„te 
seiUmndmdmtole VFOT in She >0^^ LV Mau 
dmchuu-do, Ле go,deЬyr- »оиИ Уa expaots„g 
yteeor osil u.,ii. „p pea tok nV. ekatsnphnr,оСерс 
studies to guide ICD therapy is likely to get limited 
to паУсКуеМ, an BOB between 35% ued 4OV. or 
-pepavrilts abb bane jceqaa„t nop-cdЯas„a<S -T nt 
the s„mdd1aC^,ort^Ml o-pusefrсeascufar1гat.o1, 

. 1
OV"O'-■.l . ...

There uas al„ Imeno „pMrryf-ru regardmptlv 
rnk of deftddЫoy ,ie тЫсК ee-Ps Рpс.cllolsal 
NYHA Class IV as these patients have a relatively 
high tnddsnneof poorest scor-empo os i^eaH 
tadne and Onoth I™, the same. Нессе the „гороп 
Cfpn_dfоr™ctr radnpny eCc rncVeoce rf rCDs Pf 
an ICD may not be UigaU mtprero„le. Hoeecgep .-i Par 
been .ll1tur..c.l later mSdcoУ.epCeu. pclny tnPps 
carrsoPO ‘'su be tan vmdatPiOhi for epe usd РУгао 
oscte to casce a dvcca^ycuaVifhr syf1tnp1el for 
reasons of intraventricular conduction needing 

dev.ru
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biventricular pacing or for sinus or AV node dys
function needing a pacemaker.

Biventricular panting an СНГ
Concept of dyssyncoronyand 
pacing in heart failure
The importance of BiveoncrpCofpaang ingeart 
failure „as firs, raahteO wPmit dy reported tOy 
patients could beneftgfrotndoal chgnrbegpaomg by 
the manipulation of fbeAV delay, ttwophrsf reported 
by Hochleihier and colletgwes that pttyrtnktgte Ural 
dramber рас,ng prngremmeO to n rtttidt AV delay 
could help in the earju vUhdraryalrt pohoppc enp- 
port in patients wffh Heth idrltpellOo eerdthat 
dtese pahents had tyenptomabr .improvement on 
follow up. Other rtweedrere ГГО2.1ПУ| hownd that 
dual chamber pacree "Л dpttmtzaWod of ehe „V 
delay could help oabente „rdh heart Veto in 
reducing then syn,plums, mtproymp dhtUept ortpnl 
and oxygen consurnebou, eVucinp dnstrsSra nodal 
reguigitahon and ehn rnipaeoe псргсу. crpacSy. 
However, long-,™ folkaa op of mndVhdram 
domized trials [104,105] showed that this benefit was 
restricted to patients with yw.ric.e o^olon^ AV 
conduction time and pre-systohc mitral regurgita- 
do„.whiohreSuhedd„ssdupddrrta-1o4lfi5mgsmiei, 
Patients with NYHACIpiss td aneavrearsrdlldredfr 
not show any s.gwheam mamveahent. He,», 
although the eeidenormao toogem ihctdpal ahanc- 
bet pacing may help airCH a. „«NYHdceh tlat ehe 
heneht of this therapy is rncanehtent anti taetnotid 
to patients who may show acute hemodynamic ben
efit. The mode of beneolwas peedom.ininlly duato 
dre optimization of dee AV gl a„P dhth ehtorw 
and longer than the rlpthntmiFtPoVy!ltoPFeatlert- 
ons effects Юг.ЮРЦп feVoFU rpggested Fy tde 
Dual Chamber AndVOt IvphdrPrbA DehShphotoe 
(DAVlDltnal^|1071,dd.eleae„0eep^cpenvla«AB 
»„h LV systolic dysPmchpnts aseo2iaiedwirh „ttriw 
cnrng of heart failure aead mcriaied rnrotplPy,

Scientific data ha(aAp»ad,aephai7dniehearenpp 
onlyexhthttsdepreaatonoP uasdiat eh„psaЯdrw,Ьnt 
there is also s,gmfica„rnfOtrap1n„_opereerFtrrЯ,on 
pathways m these paUentr Tbcetnaah ,uor ar d„- 
hocardiograpbic aЬermt,on,Ьuttddfu rsemttgnlg 
data to show that it Орг trade mugrg darted „прОу 
canons that cannot ba ihudrod tUrnort 30*of 
patients with CHF ret haw awtde pttd complex 
suggestive of intraventricular conduction delay

[108,109]. The onset of the QRS complexis followed 
by a delay in the onset of theajnCFon oh Ltlood iiieti 
the aorta. This interval, termed the pre-ejection 
lntvyeHedmtoщed1npan9ntf„nPr„fr^peotrQRar 
conduct™ defects trd d enmlhurt „.he QRScuojff 
plex. Tins causes adedey an tire enrI. dlesdollehlhflgv,f 
the ventricle in the euЬSequeetЯerr,ec erdat пЬЛ 
dreu impinges on to dm atrrdfpflole.Hehdee,te 
electromec harncal ddey ntusetapfoaongetfo„oftted 
LV contracdon andtelafdion frCefoels.„ursaml,g 
ee„rtrarregtargnanoda„nesrrostelhngoftltedres- 
tohe filling time [110-113]. This has a direct effect 
v, die rndrapanme and vfdtao rnprup. ya i„ tswad 
kn pwntUelthedHiop vat ofdfnSadmg Pmato ПтРр 
П4”^ oe^ dteetohe ГШтатассоо—ааза wdh 
dtddt■^AP-eteehngla»l ..........................................
i adding. more suppoat fodfeaUpзtSesafoЯf of 
n,naefhh^lfdlh^omdeehdpddarnttdrsepa0p„tsta 
lbe ovilince Oct it as a^et wtha ehrncal n,sta
bility omC nra^d Adc of dirtf ш Рррп fohtdU 
air^-P16b fA Pact, Bdaaacernm rl rd Ще] dove 
reelortedarecrMsmOyf>feerttffde„tsofasuettefl^ 
uteof„0ldfe3fo•* fratl fsetecntto heart dtstaePi 3c* 
flchddrlfnodedЮ„aapaa^y, anh e.d% had UsOdPte 
ienstoe УрМ taau. A dteel of 23.ee/a ptdaefe 
patients had left bundle branch block (LBBB), 6.1% 
nP hdftaiR faad ^е Ьшпек btaaitdrnioee (bBBhd 
p,d 6ihWa dtAP anttfhea forth od ,neseeeAt„eular 
delay, it upw „Кгееупрм bedfl thpthьt^daetttff 
LBBB twit more severeleearrfaOuee(Wollflreoppr- 
tion of patients with NYHA Class III and IV), 
tenured sysfoltcblood раге^е,nrcfeesed пкМпке 
of third heart sound and more abnormal cardiotho- 
dU“ “Io8- РгогогИоп op padants ,whh am
LVEFoflassdrm 30 ee»ee atSdl„gPerm tire ШИ', 
godarand Prey alsohad aflgmduoehF fe,rFer otua- 
пГсу tn oontponson tn padonts bufhoot LBBB or 
eьyotf»uortruda,tпpE»R,ш^dd^ondetecsas „toe 
hassuspllaffe; t^ard rlatloL7foUBBU„aepoundto 
Un pn_mdfheota,p ргсЛсСоо V тоПаСу add this 
neeatipe dt6ecr „as not inbuanceh byagSsheatl CfU 
htesevr^^leyueltpdralltslsu^Я,pO;oe.Epe,lh,efacenp 
МШТ IHiIiSI, . . fhown rleetUeeuraier aF™taop 
nOdth ba^ rh mrnahta tea peSfeFes wrote anUVEU 
op30a/e uelewwas „uspaupfre„pm paliantawidta 
wrdd QRfope^eм[Aa|.LBBB.rauhsm hybhta- 
сЮгопо tuelaЬrOTmpl feupflm_^Oop тип траПат 
with normal LV function [118] and it is possible that 
open dai-.a agents mey have p Ы^ех inode».1>e 
progression to cardiomyopathy [119].

23.ee/a
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Role of cardiac resynchronization
The concept of b8ventcicularpacirig or what is 
now commonly called Cardiac Resynchronization 
Therapy (CRT) emerged,» the dial 9S0s_andthe 
early 19». de the antral o„„al ofufoar, BncUhoff 
« al 11201 showed that domm»a Inner relation- 
shrp that exists between hdi deoeeasem ЛеГУр»- 
snrea and an nnrenre ,,, 9hw wtdlhof lire qRS 
complex. Following fo,s Laduaeand htsaoUeegurs 
|121| showed that s.mnllnnexnd pacrne of eheheft 
yentmle LV) and Ure right nontode gWO cteuld 
result to the „arrownRohthF QRW oornpkxaudn 
r educt,on ,„ the mbaventrichhei'ddesyncRonnOeotl, 
eleclr.callyandmedn.n.celly.dLVetaOrudnealreeorte 
,,, the early 80s ,,, four panels lisr .noasn, OKQ 
that Cazeau « al [trh| hod ohoweO ,Sv Oditedcart 
effects of hiventnculee pacing diroRiW aiyelemaUc 
analyse, to 199S loclee-ed -8. , 104]slu<Stt^ tSte 
acme hemodynam.c esSt-eCa of d, ventr, anta pacing n 
paUents w,lh seyereeffewurnfomaeic traarifailureunO 
mtraventncular conOughon Odeds. They shewed 
„proven,ent ,„ caaWrae nePengod foe fbhnnff.vy 
capillary wedge prepntreo.totd99a Kass st R.[]R5] 
suggested the concept tltaO LW pnew, vhhte coukf 
probably compete or RvpnbRtteo -ho resul1s ofOveen- 
t„c.darpac»ga1^dhhltrhtp«nruwdlirwrtn^ayhf„9 
benefit, but could be harmful. However, most of these 
initial studies were aauge .temodywamie t-udnt- and 
provided no Inforntnllun on thR Uso font, eVeds of 
LV or biventneuhir veoirfg. .

to a nutshell, the orimeWrgersof eacmg tderanu 
and cardmc resymenrnamet-on Offno Reene.thes a 
correct,on of the fanl-n AV 1^,011014111 O.scnsscd 
earl,er, or more connnonlo and „,dse importantly 
to correct the abnormal rnrsaventnauLao dyssyn- 
chro„ycausedЬythelahlncnltacodh^fsnona,rou0s 
the ventr,des. 11™^ «mho uomrR oig.no,

the LV aontoaaB oe a eyeedrvooo.R toaottna 
wnhnraUnssegmehB.ooi-srdaldteteir avenabOffe 
of only about « rnt к kro e1aaerosoemnim,o.al aOt- 
vauon of ,ts var,onSslaemedltan1sв_prodn1ottnb 
most optimal and efficiin- ецеипп. Howenas, wdau 
one of thesegrne„BfsnlanlatnrdyhcUnaledle-deae 
others delayed (as rn fadents wtVh mlrave.rR.eot.rr 
conducuon delay) ffleahs 1nrag„r of Krlynssd 
ddayed median,cal^cnnftyestamUd-i-ineL^^uae 
of these segments, the р-пкатки^ -Sa deOtyed 
segments could гертит tiaeoa ef wanted auntmc- 
tion and effort, as the former would contribute to an 

isovolumic contraction without any effective ejec
tion of blood, whereas the delayed segments would 
be contracting at times when there would be either a 
“tion .BUSS in the areas mfS-W htye ateady Onw 
“'"’“‘Г er a paradinocaf strafoh nrlbnen ^,11 
alowdh oiz it» pl,aseoOranhta„zat„[ln9j.TOir 
leads to a reduction m the cardiac output, delayed 
"“» ann m, hla1aaee^n As and о111),, wall 
taraea,„toahmeffeaaкouldme1easefoem4oesrnnll 
oxygen consumption [130-133]. Studies have also 
tdown shat dels coved Ы o diugarino rfee-ernne 
releasa wbrahcould terW nn So 1he4ea-nnolryhm^n 
effects of dyssynchrony [ 134].

Bie-dnnr-fulrrr ps0^^^^11, 
technique, and limitations
The pvavюusdiscus1ionwaП illurtroSes ^e-^robln:ms 
nhrn Inrrovemncularcenduttrnn dday ng: Ivw 
Локи efffits on de mnuc.ire,alnnndract,d“ ииП 
eancle„cd. Rrswnh dnenaekgrounn dnr1rou,aial„di 
tried to evaluate the so1o oh KO tfed 10,»^™!» 
lreh,nnmdlвsЛsert>el,at,ef41S[ - . ,

■Пtemlt1a1 rhmc1dsrhOlls tooneO nr ЛесрВ 
mтeOb„nadкlЖd,e1avЬntaapdad1ou11ull,кu4se<^. 
the anhhcaЬl1,rb of dnsau рю^сП „aseesl„sr1[dOs a 
Kelect few padents wdO AV arnduotoon drvЫe,„o 
and nnO 1- ah l,„e„Bd1tthh,nrene„a„culalcondnc- 
OKd tWfecth to feet teb,aslhentret,ie4d Угг-ГРУ опсу 
aalnaamg miofo be addinf to tda ilBanairdtnadnn nO 
the ragtnfmsmd hordoeo „orrellmglh9LV fotaa- 
Ron. EuviiRV „tdowtmflitaamfwai tr.ad 1eaUtl 
Unt Rdfoutsn^sa. Henao, dtofnettewiri oUttaged 
to try methods to seeh se melo n-hovtfdv ol thr lall 
free va-t,„srsbd TherEmh »nth,4 „^0 el 
КвепИеиВе „d LVp.n.,tn 'Пипеее of Ь,hanereeu- 
lot pnangwire», tn По toaeryavr ttoeAK teoo deioigr 
bet Rnotoon^e a п„,(огпИп nd foe nentnatdne 
aildiatiov, wb№aat,kn atidreleod-on seqoanees. 
SmaeOhen, d,ue„t„anlsrp.aanrgh.aoЬaa„ shown be 
toarketlWi nd^-e addes ontpon ,„9reara amity 
Vo«hre_Rnvalртlmo1k1r)1aЧ„eaodhadaapr^uaer 
|e361S3711enhm;evenK,oebgЧke0taShna,nn1m<i 
pnaisnoe—yolume kmpa к1ГЗ апП„пг^уегПа опцр- 
n-tnde wK syntony nfrveUanbttaarmn[ГVbilЮl1 
rHn>tban,„tereffl„g1,hepo7ne„oinOhat ehesenr1t,al 
studien thov-eii »apt^,ahth-,aidmt,hnn ofthe hO 
aasva ao a r,n^ иГеиКг, Vadaovlvale4t rernlto

tho^ol ЬvMпaohn ьюатг [leV13d.lV)1.Tha 
reason of this phenomenon was not very clear and 
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in long-term studies the emphasis continued to 
remain on biventricular pacing.

There have also been reports of reduced mitral 
regurgitation with bivontrkular paring. The prp- 
bmrnary presentation of the Vhnlr,ceurer l„_Snnc 
««itrfoitneof antiot/ Trninenon (MlR«3htl Stnrig 
|141| showed reduehioirin^the systolic netthsliegua- 
gitation from 7 to 4ms. One ptiasbk osplanttihn 
for this is that the pnknb.itl, heart talnrehave 
functional systolic nntraltognrgrtatien asdtln. is 
usually worse noth Ontnohnalpattemofadtoanoe 
which causes coutraolton ftonethcapeetewsegs tint 
base. With biveutruslae saon^g, tie aequenoeoO 
activation is reversed and so occurs from the base to 
the apex |142| Thtt uanycaa1 kadsaoapmm.otate 
aonyation of the base of We heart soil u ttypoths 
s,red to cause a squetriuieffoct on thsasnohia 
which may be leadmgththx rtduction in dtc rnttnct

• •
regurgl,a,,on- ................................

Another important meahamant thal hat tzesn par 
posed ,s that pabentswith left bmtdkbranehhlock 
may have a delayed onset ofahod.astole rn the LV m 
comparison to the W. Thismay a.ehia so aachtaffla 
ing of the RV „h,d1„nulddari■raseahs poleyOiel 
space available for tУyLVftUmg.B,hsnr„oulatpaomg 
mayreverse this proЫymrngheooeЛe купит mist 
diastole earlier and dno rn.tc mrpmne tOd hiartolto 
fillmgoftheLV [143|,.........................................................

Tire standard praaadure foe nieemelcmasonos 
the biventricular pocemoltnc natt-alas mvoivyy plac
ing die atrial and RV ksOomtbL v trttdrnanner. Th. 
RV leadusually placndatsCsopeo ei ihcouiirrioch 
lstotryandhavethea1axl^romoepaettlhyCrhпesl1 
the RV and the LV kada. Tlie LV kaUwcemibaOh 
placed surgically, but dhtspeocadmelsntnre maa- 
„e and involves a honrsmSomc „-^0^ 
under general ancathtuit. Atone vtttttcOon. tin. 
approad„sh„„tedl>nlhrnaonenaa»ЬaaeЯti(ei1hc 
patient is undergoing rn open hcera ат^со 1m 
other causes or tlwra ,r c failurc aa placiot tieatrnmi 
venous lead with an rioHrno indicaOinu for a biven- 
tncular pacing.

The epicardial a^rasch was gcadoslly rspke^ 
by the transyenout siiprnrfr whitla euvialvsO So 
canulation of the ooummyssms with ar, open 
lumen catheter. Tins puce. die way fee o bote» 
catheter, winch is used to paeeahw an oedmion 
venography and to „kolCy Ле postacmr iwd tooraS 
branches of the coronary smus. The lead is then 

directed in these branches so as to try and achieve a 
stable position in one of thecDtaarolaeeaal launches 
so as to have a maximum separation from the RV 
apmas kaa ooh to aki uooidsaamh dirSinpggonn^. 
The sheath is then peekP nwoyoseo tiro kah (or 
rimahcO aarnga sliiHr it otnae„„1^X1» reanihed- 
acis thnt ceeoged mfhepeetnrarnookИ. Tho oneal 
sursess rates with t lot approach wart ls»ri. but ctC 
improvE) oporator eyoenouce.ond иаЛ»  ̂
aueaeso ra-csOaw ta,oncs90•/p TUesho^oiil hene- 
hac withpkeaemeutof dci (0^™ kipi mlttd 
РоШспог oabteal yeibonr of the heart Coi sat- 
suo«lrr0tЬe„afe oUeccdbq hiaantg thckah at 0% 
a„Co„pemtararntr,culas Ьaa„rheyAr ammsl1tutr, 
,e xaso гРот atteueeto pi^ foe khO ImnwaosuOy 
mae,haOmu„tandl,,,t lsprefcscЫe Юппркт far 
rooУ(uaаRrity on Лrep,carUrellmSaoa Onettty

аЫеа1 *г1аЬ “ epe.Уtu=аaer^’iaп«1>l|l 
tts^eiia^^
WSeSsntlЯa1urrfahpinttryem,oaalthcraphtlЬrSl 
judged by И compcisontvithrhiaexromrg tby^achr 
ea ar„eh„^eam„hhtkdcltrncal trials. The .„pact 
oh bipshtneoler paniuh is» iatm umtsr vsah ehssa 
anh kreuobter^l jorut l(hasfinaУymaae Us pUou 
eccure ,ra п„J™Pd0,wш» ogwssl cаogeSdhe 
gа^n (ieheta UCHFo •Пипс nt ha» Urge arnoum of 
s.aoa hpmPlarlЛsqrloa d„otal l„alssvePt0tterr 
fe»ytmr»tsehtassll™nЛataаtЬe^lemssfЬ,yey- 
ИсоОсо Olacmg am ohpmyCa puamrfiable, ailBcui(ra 
ignore, aaaitive to oonya„1ю„sl thocepycoa more 
rУ^e^tsstaaraoaЬoatfsct. . _

sho OceleetTlmпleofPo■Шd (COiToe-CHFC hutf 
was a multicenter randomized trial that evaluated the 
Риале1 LV m.l nrvr„Иcular .acncy m padma. 
tottlrmbhamtcm sevnrt.CHFana mtrnvantnoukr 
ctncWtrnm, hafcts [ШОУ Ossncmc (,proomdcocdu 
asrqrmo ht shCo biacstriciikr vvee^g na to so аИс- 
m„uoote,olllaf paring made idee mode taoc J,.., 
as 0V or W on Ла osoo hf os осуК irntdOyintcnc 
wuh-i Cunag oaplatikbsh) md were oess-i a, tins 
piannar for 4 „easi. asOleu,сmCh 01^0 was 
awndtad rafffor the iemnt- u vaessaaa tini растр 
„saeпr(oeosrfoga^oto0,a,or0ery„armWrrrPrr0 
4 weeks. At the end of 12 weeks, the patients were fol- 
towed Coe f pcco ate bring of nr Ла imo sOrornc 
htacmo attioк ae »ayaOtasnaЫo тй» taane oh Ha, 
hsst t 2 wede. № Wc aenk audlsng-krnt cartilh 
showed favorable results m the hemodynamics with
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improvement in the 6 min walking distance, QOL, 
LVEF and the heart rate variAbility, with both LV and 
biventricular pacing without any significant superi
ority of one over dreothov. _.. .

The VIGOR-CHF Trial was the first trial m the 
United States on CRd nthecu ar. _ep,cardial № leaeJ 
was used rn 18 pat,anti and the eVSeolofthu rherapy 
was stndwd n, these puhenB wEo were tn NdHA 
Class 111 or IV, had a mean LVEF of 27 ± 6% and a 
QRS duration of 16d ± 29a lee-CThehtvwhigitors 
evaluated the Myoemdinl ParSnnnfhde laden (МИ) 
which was defined as the ratio of isovolumetnc con- 
traehou and aalaxadoufima totnltoe to the ".canon 
„me. An improvementio thadhP! waoohaaerveV no 
14 out of the 18 prUeum and hhiaritsedftonv 
0 77 ± 0.30 before mcptimtehnn in n.niiOdOwtth 
biventricular pacing.

The Meiftmiiic ItrSytp V, was a rnnhtsenes 
European and Canodtar, Tftnl whtelt roatntned the 
safety and efficacy oV atnpiharltpaetug rn refrac
tory heart fa,lure [145..Л total of 68 pahents »,th 
NYHA Class 111 or EVidtenrefohctoanheaaa Tirlnap 
with an LVEF of 35% or less, a QRS duration of 
greater than 150rns and UV l.iv Pci «.A Emnefor 
(LVEDD of 60„mnor„,oae iirderwentivgplnvr- 
tation of a biventricular pacemaker. The patients 
showed significant impmedihaao m ilnan-Heho 
functional Class, 6nnu dD)i„v doiOoooe auO 0,1.11 
tudtces and tins correlated tvefi wffit than reduct,no 
,,, QRS dura,,on and tdf n.caeacv ,„ Chen LVdE .

h, another smafi ecudgttco ihoom 6«11)40126 
patients with drug aehantorn CHS of NYHA mined 
III or IV, an LVEFod 35% от t.ss, ah LVEDD of 
60„,„, oa more anti aQRpwi0)h of mean than 
120 ms were enrollpd. the fanunar ааоетсР dineo- 
tricular dual chamber pacemakers and were then 
classified as responders or „ooerrtiponder. as „ff 
the symptomatic benehothdf they arnotted hornche 
pacemaker ,,, terms oP ilia iCfPhd Clnre and rhe 
exercise tolerance. TCs mean LVEF th dt» pahaod 
was 23 ± 8%, the mean LVEDD was 5 ± 9 mm and 
the mean QRS dnaadoit wms trS h p on.. 0 and
19 responders and h при-гпорооПрео. TUseoehangt 
classified as respondffs^awed on uneooge tmprooe- 
meut of 1.3 thin WndnAClasp ctatne cs.I s,, 
niorease rn the оху.еп constnopttoh ia,).- о) 
about 50%. It was mtctsstntgd,atdteonlyeU^Ofe„cc 
rn the variables of Ле M<t paupr on fclkni-up wao 
the post-pact ng QRS Пс±П10пп паЛпУ taac stgmo- 
cantly lower m the responders (a mean of 154 versus 

177 ms, respectively) and the authors postulated that 
this variable was possibly a good parameter to assess 
the efficacy of biventricular pacing.
. tya «tyfe 5»^^^ a СапГ.спщиоеРу 
ПИ hOTUCtThai aesultsvapcasep)cne0ssSpy0Ьtheh 
raiftfomisud dafo wth fnpapartvulav pacing 1-4P|. 
This was a single blind randomized crossover trial m 
vyhtat, patcand recawed a hieentrionlsp paotnuhh 
rinl watae thentandottneeo Zt а d„nod ot 1 inonlhc 
ofifclnle Mnlnl-ta.eтMsWct psorngortnau inaeoee 
moda.hhem -^«риекир-аГ а bacOppVAl pado)) 
rafo of 40 betdrpeahttnmeiThusa pohAtWwnaeЛon 
crosaedovec ohsr 3 rnomlvsto ago opvoctlavodefor 
thenext 3moutffi. oottae ЯррОпиГаоРогеПе 48 pteca 
Еое"". mudomized Uo folinwup Theaesutts 
showut a SPigacmpaoyentAit vet the er«lfWSeCltts,on^ 
fssstetnad hythe 6„in wall oectia32v/h,i„prdoe- 

div r eo mdipcssan 8% maaaaoe an the peal, 
Odagm confumpdouahOa iwo-thtodr tvdontto„m 
the frequency of ad.™ ftyn, lnedW Caddoem 
nacieofo vath пЛус ona,nn. InadOhnn ip thic.8508 
ufthcoat^ehtuртfetraetheehtpW,^eeotrlnttact^fn- 
ncn mnhe and only U«/v pOc pattffnB ooeoren the
,naectvn„toda.таe elhitapamnuiiPad nd pan^enoa 
naГUlhrhv ...........................................................

■Пар same gtvnp fnUoweh uphattaiaasoo a Яn^lae 
ctut1rlderчrofo_aalongРldn„o0ofOmn[lunl.t0tnHt 
of 42 moo pcttunts o, onuorhytlnn and 33 rn ata,al 
fibaiUanen n^e^uoTsrfnOofmdon-eV пр -аг 42 
rnoudrr and -h^ aepoatetl smctamed епеппее1ета_„0 
to an, па1УО^ paaua1s^eau dm aho na ЛрИВП 
1tuoraa1aЬy 4-5%| arid tda miloal pppneailahon 
(decaeaprhy d^sod). И wet tuteaestrng th „pHe 
.nch a l«uh paransaaa.afoahems msalrialSthrtllap 
nund-dlhe SM dial die haneUt o0 btoantetuolao 
peeing apoeaaed to Ata eqniealnnt rn potterne moth 
atrial fibrillation also.

O„ahfbhe,tagestip)da)0ehds,snoe)шsmndo„tt 
innd ddtdsle tshmi fongcfoaid foilon-op of pVtvots 
woof biveotidiulm pecotv has Peon deported by the 
4t^^1hrt■ltu^lll.lo%t,lh. finei. Teas clinical 
tao.1 intended 453 patAmtwidiinnheaatetosAiaae 
гnmtttomcs1fh^atdatUum ascocipileir widsa„LVEF 
tio 33% oolch^n OVEDD of „ pa „me idd
with a QRS interval of 130 ms or more. Of these, 228 
рлтг weff h»dthW4 .nonnad hardc ae.ynehao- 
mzation group and the other 225 patients remained 
vs ffie swc1tadV croup. t^sS сппуМопаИЬАаоу 
С” Cdoeai)) ov"""-"..^ l^ht^aldegaoooa ani Cha 
patients were followed up to see the improvement m
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their NYHA functional Class, the QOL indices, and 
the distance walked in 6 min as the primary end 
points. The patients were also evaluated for changes 
,,, the LVEF and thetin.NtHtfen.tobaflldt^ 
exercise testing.................................................................

The baseline chemctenaficr „tres,„lat,„thv 
bntl, groups,,, temitohthL ageanddexrhstrthurton, 
the ymptomatic ardecliocardiggraphic variables, 
the hemodynamic paaemeterr tnd tha dstigr Cat 
drey were reirnnmrg.AbourUO-»* оГргПе„В»ае 
receiving ACE-1 os апроГепгт seocptor btochadd 
(ARBs) and about 55-62% of the patients were 
on beta-blockers. Themrrn QRm deieadioa was 
165 ± 20 ms In the arnnntl pmtg inri 167 ± ht mt 
m the cardiac-resynchromzation group. The results 
showed r significant benefit foc the pattenOr niloh 
CRT and that the differe„ceo ms тараастП rrs e.ar± 
as 1 month alter thn tteafinendanh wert ЯВЬ6»пП 
without any attenualnrn throughout den stohypdrlfn 
of 6 months. The pafiariT wtth праут*™», 
therapy showed a higher internd srn the 6 men oatk- 
mg distance (+39mvntsusdt0nlln_<0rn05tlmgte 
significant improvement on the QPtT ihdor S-tS.P 
versus -0 0 points; P = е.П0Ц, тоее.тргоептет 
m the LVEF (+4.6% versus —0.2%; P < 0.001) and 

a larger increase in the time on treadmill exercise 
testing (+81 s versus +19s;P = 70)01). Thcueweea 
nearly 50% reduction in the requirement of intra- 
успопо msdlcatioii aed „end dnr 1гаарПпРааПт„. ht 
addehmi, ehrne was h,Tn»proynvrtei± in ths peak 
inroten срппщггрипг. lhee1%-nr^stdtlrd,„eрr,ohq 
l^reo„eralren^^tahtr±l rodthe httrat.o.tttO the 
QRS rnterval. At 6 moushr, the гггП f 1 deelfi or hnr- 
pnaOoaliou wer 40* loittm tgereetdlnhrn1t,zat,o1, 
grodp lF.guren.4).

"d”"”' there warn nsrlain .tsearnnom,snr„. 
The median duration of the procedure was 2.7h 
antd evru ng We gh m n ±6» pafieMe. The Пш^^ру 
time was not reported but is likely to have been sig- 
.fipeartfisi Iwglwr than tOf odhnn Thee.
wore two pta^un rdatnU sheathd intWe 57t 
ПоПсМs. TIt incideooe ttfertnorsarynmno 0±sert„t 
was da/eandaumhen 2*had nlgnln^tn!muSperfhe 
пУп^г Though mott rf these реПоиКгасе^ 
hyderTs anysequePae. The „to,llnnoat^f ntfenfinu 
was 1.5% and there was a failure to implant the 
stutmem уГрОг1 ^tiwnlr. Moenovee, mlg th* of rte 
patients z dbVewdtnr±tn1Tlt.rln erorp .showed 
symptom benefit and there was no survival advan
tage tmt cwiddbe Т»11^^1!.

214 204 197 191 179 70
218 213 209 204 201 99

No. at risk
Control 225
Cardiac resynchronization 228

Figure 5.4 Kaplan Meier estimates of the time to death or worsening heart failure in the control and resynchronization 
groups in the MIRACLE trial. The risNofan evknt was 40% lower in the CRT group; P value 0.03. (From Abraham WT, 
Fisher WG, Smith AL, ctan. C £ng/ C /Ced2002; 346:1845-1853. Repri22e5 with 21гт155юп.2Сорупд19 7 2002 1aisachusi7:s 
Medical Society. All rights reserved.
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Another well-designed trial, which compared the 
effects of either CRTalonHOPmRombination with 
defibrillator capabilities, is the Comparison of Medical 
AnotaheyrWadngagnnD^rilWtion S"^^ Fadurw 
(COMPANION) trial. This trial [150] was designed 
“ “_.,f “^'“f ” 4’“Pr ”i’ so nhro 
defibrdhaforswouldreduceahartskptkeadi.mdhus. 
pitalization among pc^oa »«h advanced Sean tinS- 
ure wida acconipanyingdelay uiyben mtraventaicular 
conduction. Anaong_l520patienttwUo,vedeincludrd 
m this trial, tandonuzationwaa Гопе„al:2:2dts,g„ 
such that 30S paUenta tecurned ophn.atphennaco- 
log,cal therapy alone, 617 pan^rnc^ anliinal 
medical therapy witlrhiventeinuharpamniakersinRh 
group) and 595 paneuts aecctnsd ophnuet naehieai 
therapy with b,yeiUapculnrpaaeay,akande6b7,lLali>2r 
(CRT-D group). Umehuntaa anrollinent metaled 
an LVEF of 35% or less, NYHA Class III or IV heart 
failure from Isdrernlu l. nounedtenu1 «треттртп 
thy, a QRS interval cf mere tPen OSO™ end a PR 
interval of more than 150 ms, smus rhythm, absence 
of absolute Indteatlannfor r oaeeuuuker nr adat» 
taor. and a hoapttalaurnan f^tl»_ iteannauaef hear, 
failure or equivalent» deepraoadingl2n,ontlm.Tere 
pnmary end porn, »asneacontlethed„rnofitean,ue 
hospualnauouftoniaudcaeheauiinieneooieraaeend 
point was death h-o^aiiycaneq. „

•П» results showed Onto Heedewtts an 51,11000,1 
difference in the baudine R^nplTa„fTт Ьer»een1he 
three groups. The implantation was successful in 
87% of patients пей СИТ grol.aa1la 9.% of 
patients In die CRT-Dgroue1 with a madtan „т^ 
dure „me of 164 nun and PfO min si Ла mo gmaps, 
respectively. The median duration of follow-up for 
the pnmary end poml rn ihedVae ghsupi waef l .9 
rnontlrs. 16.2 monthlaltd a2.P rnonfc eerheoOydy 
and that for the taenndaey esh parnt tapiaiS 
rnontlrs, 16.5 montliuanf 06.0 1ппМПг. ea!pe«U1neh'. 
The 12-moiith rata oP the p„,pтpeo„nye,K anO 
porn, of death from amu f ou hoeurtahaafron 
from any cause was OP*„t the p0ar„.htolng,cthtm 

apygroup asoo„pтrud122-0 56rPh,ntne<aRTuad«0 
and 56% rn the CRT-D gmaa. Thus, a,Лгу gaon. 
",h.Г“’’^C.hГ“,”,.tPmn“Ue■.elt^ertyn%orwllh1 
out defibrillators, showed a 20% risk reduction m 
the primary end pomr.TTa1econdaryfndf ointof 
dead, from any „о» .^иаеС Uy 2» tp lire 
CRT group when compared with pharmacologic 
therapy alone (P = O.p6)and bR p6% mtwa CRT-D

group; the latter being statistically significant 
(P = 0.003). As with any other heart failure trial, the 
risk of death or hospitalization from heart failure 
„aamn rneasu^i anP to wee found to e lower Uy 
25% m the CRT group (P = 0.002) and 28% lower 
mthe CoT-Dgraut gk T 0.20Ц . .

Deaptte the «ttentely eomplexnamre oflha 
“talniisapd iisuRs p5thefri„2, frwasdperthat fotot 
was significant reduction m the risk of a composite 
.T.ee.ue weh severe ^ppptomattu gtett,loon, dieooa 
Rre2St„,cltsl>n,zM,mrlnomllym eyilnsitra suids CHE 
The inagnifode of mebepefrt Ueaonsu m<aenslla- 
»otlhawhepls ,s raahzedlhelthle it ip aOnsOontu 
Ши best nsepidd thaaaaP thal ТуО™™ Raoaaty 
mieivmu. The PЬe„rfllwormаllehnzad.ulltnnrespm 
eueiemzaaton ahetapf wan 0lt„,Ьmad „Л deSlЬlnla- 
l1noeЧlfl„tofmndlansproт2ssnlelplllorawhhtlae 
incTasmo dumforn . ! thetgRS mfoe%^l. T^^PiTufit 
of—hns tteatoem «И.Ы ,p рИшиЮ with Poth, 
lsT,en„ee„dn„.,sdeemKoasilln„lyspfdtt^..
I „aIorl2ef„tЬreendrmughhesTeeiath„l„pact 

l1teefei^o0rpa1,eЛopth„^epyalpoennlhasnsaetaiu1 
ptmtiR h,lh,faIt.feUure:1Tn,s harЬeeu Teuanth- 
demoтamt2n rn the C^rfa,c e1,lsnlthfeuЛl„tPep - 
Hte, Kua-nt SOUTi-HF) Tltal|15i1:TUls„os an 
тооти. mulUcenaerl ra„uom^zeU ^^.«ЬкЬ 
casnma^eu d^etfees T snennaeh pthaa^e.icoaheaapy 
atl>newhnElaarfdDeornbuiafren cfoyanDaVphaa- 
nt^l«atneufoyr^л CRT twlTlout a nefiЬrdlaMfl rn, 
the risk of death and unplanned hospitalization for 
^ea)Tlreaaaiena™,te im рта»® miTLV tosaohe d^ 
Su1tctasflatd „rfaaneP^.cl1r1>w,: ht,eesr1fh„a„t 
rif tUu frial we^ouu fro„ianaesu e«HoManls 
2003 al 92 &1„ТЯ,пСеМет1 TUu pen„ernend aoml 
.a^sheelU1fpm^y eauseot eu uupleiiu ed hpsp1Utia 
1aal1pn fdt am^r aarlllavaleulaIevepa Tnaonnell 
iialseam,daaya^ pent wesPEads V2,„i ulu 2пп5т. i

А1рН1р2 2П pafenSswute агЛа Readse ИпП 
sup taeae folhasrrf upfpsa„ea„of2a.4„o„dWlUese 
nallenttuler2 4Syeaa^rpiPemlfod_aeaatlulutefprlll 
svist 6 nieeiaei load NYHACSaaa nioalV^^tiDioaal 
saтт desp1le®llnaraph2amacfloglc dsfraт. t 
LVEF of 35% or less and a QRS interval of more than 
TalvpEur „atiCTfr wlthatfRSnlleralltbafween ieR 
enllUfs1P.Te^fdsemieec„tee1^lfnra_ufetn„rf^y 
hadlt,af dtaafor niclusiop 3 ЛntfnlP Taeee m.™ 
mcluP„dt^f hst.тecliP„, Uelayoa„„refhan
t40ass,anmte™„frtathu^m^eclsfPкalU2nauaeml>at 
than 40 ms or delayed activation of the posterolateral 
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wall [152-154]. After randomization, 404 patients 
received medical therapy alone and 409 patients 
received medical therapy with cardiac resynchroniza- 
ta, During foltawai, the primary end petal iZ 
death Iron, any cause no he.pitahza1.on fop y m„dt 
tatdtaeeven,„as reached» 224S404piCdu„d ut the 
group on med,cal thisapd alone (S0%) eetstn 159/ 
«PpahentstnthesntupwbKmreey.yedCKTn.adi.- 
tion (39%). This amounted to a significant reduction 
of death or htephabatpon fopnaresyednonizatonh 
tlrerapy alone ш theahspnttofarittchuT dehhnlcatTt 
(hazard ratio 0.63; P< 0.001) (Figure 5.5a). There 
was also a stgnlfant „„Station in tlta ««idary eaP 
point of death front acypause.hr tetncsnacn И120 
deadrs Iron, any c(nse os Tse patents, on med,sal 
therapy alone (30%), there were only 82 deaths (20%) 
in the patients treated with carsSieicretsnsliaonctation 
m addition (P < 0.002) (Figure 5.5b).

The COMPANION Trial dim sydw a surviaal ban- 
ей from all cause „nthCpyn l„ natotaaaalht nwdved 
resynchronization thrrapywoih thЯ,„100,0,^- 
ties. Previous meta-analysis has also shown [155,156] 
foatCRToanhaeeasitryootmbensdl.Hpn-eyenttns-s 
foe first trialto shorcmdependentOnfontARTulttda 
can improve snry.yce.n pattedlsw.thheaal latOurs. 
Ш fact. 29 patients td*tm iheresDiodeontsahon 
tl,erapy group died oh .yddTidMn hgnifyngtbe 
potent, aladd.hyeeaSnstta-noCbtdlotarcnp-nihtieti 
could have further had on the rntcnetay benefit nr 
tins group As per tUnad-hsu stakulaf.ons dontfoa 
current trial, one deathaiid„Utee bosso-aOtatSneoa 
„ere prevented forsu,asymde dcoiccsfhai „ers 
„planted m the CARB-Hdhnd Od»a sdUuod,ts 
„ere also analyzed rd line-ludy. Three ana-a s.gnifb 
cant improvement ua Ths59000, Uta weoT-systya n ynh 
time index, the armoS ttefod очда-оп, Tts 
mteryenmcular medidtncdl ап^рОи NY01A ttrne- 
fional Class the кеаМтр-ееоетар tnbcain vafrt- 
uret,c pept.de, the systohe Mood Otessose tn foltyso 
up. among the othaa cOospc that mseo tioosotneA 
dur,ng the trial. It tn» mtos«moto nuts thioyls, 
that the incidence ofafruOatsOy-Omiae ot ecouuu 
was higher m the cardiac-resynchromzation group.

The biventriculai* pacemaker- 
defibri"atOr ..........................................„.
We have already seen that the incidence of SCD is 
hightapattentswitThertttaltnemciaargearomr- 
tion of them are due to ventricular arrhythmias.

Although a few studies have shown that biventricular 
pacing may diminish the need fna CCD thesapym 
terms of the number of shocks delivered by the 
nevice [5571, ft does notneccssoriayobniatctheneeU 
for an ICD. Till the recently published CARE-HF 
"0041”. „as msoffic^gt too to hmce four »ео„Гр 
dsrennzntKtn П^по tOOsny leads Cp any soseitad 
aenaMagecsaoV redasiinn h the nooiOance о» SCO. 
isn to35e,ЬoCoat,edis „Л «ЛоаупросО» and a 
-«coerd mducahois Jeu apbucnmooCau pacnta,hsvs 
baens]dsw,ifuhave issOusiAk venmaulasarrnnthimic 
CISC]. Ths ddADIT П»п 3bnDpHeRO'.„d.th 
ШиапС. 0^9 have C-sssu, SldiS OCDs should form 
psrt st Crc Апгару for p.cUauis „Л scants 1CS sot» 
tohe -nsfrmceion Ad hs.s data vssdld .tiggrut Shd 
moatofAepai^tstCsnaeAC^otanaoasdoWdSS.kAS 
fo-^lse dyttacnnie would aloe in a.sud.hates for 
tat nnnlmtubOnoddpnriOafdr tr -„» as,,ров uldsn 
htva lol L„%F oC3dnr orkss. Нс„„. «,ec 
da»rkr^edit^^esep^ii,4ntr „,ai.drcitnddnttsSnr 
an additional device with defibrillator capabilities.

Wlr0foeceh,d,cstions. li » yVdy font Ы-ьИгосп- 
idd dandsrOatoB „oriel almu-tiotcied nylodi Ла 
Осуайпау-Рпср.-етаПаваосопупаотграиспиемСо 
keawt fity-ury. Ho„ever, costcoees,dataiio„t are ihP 
I,kedeoe„lolh^,ys,rt^seolarpace„ah„^tnt^,mild4. 
а,1еаЯ,,,,Ьеа1™1с„ „osOSC -trssiso етпогИП 
рп пеПгиПу^ patsno- shedop,. wads or „ithoui 
lattoc .„Л toe»mt.md- not find ceoeatedsnodis 
fromanraacfoe,sprefercdckeчeeoe1„511lltla„rare 
mforast-n outorn the ^te^»5 «1 tl» QO-y 
rstttarCha,1el,eV,.,„hdoSl«e1 ,

The rcessond eWlecct1dfhdeM^to1ular СаОггШао 
tors has been studied m the MIRACLE-ICD Trial 
[15p] in pa-ienls with NYHA C.ass Ш and W heart 
l.cS.ira. thw itfoenB care sandonfiseO mto Wo 
ysoupsaltut re^icg с Ь„еп1„еиЬаг „acsutcOm 
dsa^lsdtc0orl „0, patitncs bdnthodefflt-ttShhor ^о 
fiont ot de Joes .Я»атп bni tan-e daodom» 
csshOHl 1о.»о^!гиг1? to have the C»T fucdenu 
sucitcdoff ucmnaO cd.At6„^o„5ssoH,eUods.U0e 
el^edat1»tB„tU-esyn»lson,z«1пu10erapiraЯ1ua^e<^c 
had „nnsouiT f^ls improveC Гпиаигса status a„0 
ttdiw ехсгсви „pacdsianco .was do mental nss 
s deocirthtuh„a or uduipredd-cd IdSO tancPdru 
d^dltn«uCUs<Uw„aaeen-^wlCumo_portm-trma„Ot 
of the findings of the inadvertent effects of pacing 
m tnal- '■ wexrdiindcr-a.aseea C^ ns
showed that the benefits of biventricular pacing with

acypause.hr
pept.de
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Figure 5.5 Figure 5a and 5b are Kaplan Meier estimates of the time for the primary end point (death or unplanned hos
pitalization; Rvalue < 0.001) or the seconddiaend point (all cause mortality; Rvalue < 0.002), respectively, in the CARE-HF 
trial. This was the first trial to show a significantredaction inall cause mortality from cardmcmesynchrarnzation even 
without a defibrillator. (From Cleland JGF.Dcubert JC, Erdmnnn E, et a/.O Engl f /Wed 2005;П52: 1539-1549. Reprinted 
with permission.) Copyright© 20FOMrstachudettsMeKiaplSociety. Allrimhtsreservrd.

such devices extenWedto smpeovemsntinecrdioc 
structure and function intmemsofimyrove© 2otm 
the LV diastolic and systolic volumes and the LVEF 
[160I Other studies Uia.e tbtt ihe beonfttsof
such devices may even extend to patients with NYHA 

Clasu It cympmsmc [1 61]. The M-z/d\?tttA-5..7 1/7 
ChNTAK-CD Troc. randomized 490 patients with 
CHF and wide QRS to receive either pacing or 
me pacing irua, a HvemlriiularydehbrdtnKi syaUrn. 
The results are still under review m relation to the 
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effect on mortality but the initial report suggests 
symptomatic benefit in heart failure [144].

It is likely that even antitachycardia pacing may be 
affeori by the she efl ratu-utaPpar as dot may p aide 
the ability of a «„slated ornpulaetoentet are-eolry 
“““ and with two stunuiktiyitsrtee Oe.np used ba
the biventricular panettcakdr, thtstuaymasett more 
effective than RV-ATP rlone.Onr ofd^rtt4or «ui- 
cerus wide the bivenCricuiarddvwet heasbeeii duertsre 
of double connPng and dveeaccuer berattm twedif- 
ferent electrograms .nbtan-adftpm the „pl-land One 
left ventricle are fed prtoa antgk ampMka. Doohk 
count,ng can be a sonroruf tnaburorirgarelheaapy in 
up to 14и/о of patients апЬиею^^отпЬигГоотиб 
tachycardia or conldbo dur Co VO .^62-164]. 
However, the newer Oepnceruae onOydtedV OeadVee 
sensing and bypass the problem.

Biventricular punleg: ^м"^^^..00 
aiKiunanswenadqrrestrony p m
The field of biventricular pacing is new and rapidly 
evolving both for BivmtPicel spettalliSsandthe 
industry. The „„re andwersdnirwonpe.daaewayfos 
„„re quest,ous audqtiest oor .„огрееааетЛЪега 
are still a lot of tam Urals „ьс1 aer likdy к throw 
hght on the importanttaspecd adatod tndee dinaeak 
application of the device.

Many of the inidm ртоЫ-™ onO the duricr haar 
paved way for adeafcanreMan, aebecrdiudepgand 
technology. The indiaP rCvrrr seksedЬoCd the RV 
and the LV and hence M-pe реоакгаг «1*0^0- 
pnate shocks due er ПопЫс eonaOngTae „ewre 
devices have RV outy eenroong lo тарсете edt peoh- 
kn, Tlrere ta also а с^Пу lartpee.rkeya„gearf 
the LV and RV растр noipek fo beater patr Une two 
leads with varying o,,:,™ „dhelpm batterpsti,. 
servadou. There is atar dqylyt,o„ oh irare fee wt-e 
leads and bipolar leads with various programmabil
Ity ophons. This canhetp e- neehWe towra dues-odds 
and avoid phrenic nerve сорте ord nan bdh kudo 
to function froni reLltaoelarohoeP„еalpot1tlonsdar- 
mg difficult placement. The VENTAK-CHF Trial is 
assessin gdre safety epOehicece rf P.^tncplesaun- 
taclrycardia рас,ng .tod deltb-PIat-aa lu-h-ve suPantof 
pahents. Tire value pg ЬtnerlH,ceУerpaamg uqataaal 
111,1 Иа,„„ и being a--e--edlnthe.УV-RpteУ ш-а™ 
S»™k<,t„,^■o.«,4VVl,eleVrttсaoaeiralarOltttePЖ^ 
Trial И ts interestm- dhtatuepoVeMs ern gentira 
standard dual chamber parrn1anerafre- At lidite 
ablation and the RV and the LV leads are connected

to the ventricular and the atrial channels respec
tively and LV dysfunction tsn o-at^с-rplltvalcs1te- 
rion for inclusion in the study. In addition, this 
Iris- etis sine Bi vetau. Ifo Pkulricniaroacmg. eu 
"K"“l MotRveiarnon on Hrert Fa-hrre 

aanents w-thVuunatdiu errt^as ПВТУКНОП 
and the Optimal Pacing Site Study (OPSITE) Trials 
аае amir 1гр,иу to -Pen» -hy tMOpuioe 1- rnp 
Ье^ее"^. site IV t>awnq noh biyenmcnhee 
pi^g. О it- emdreetresug at atreie -hemsanaSitu 
hcucht j- ivy of Ь-рап-приИр растр mduPe the 
V- fdtp fee _СнЛопу.Т11РирС <^ЛСМЛ111 oecing 
Therapies m Congestive Heart Failure (PATH-CHF 
qya gmd WnqaRu^imcnannia^od Tharepy 
Randomized Trial (VECTOR) Trials. There are also 
““p1 eaefoatrng ids apeao-Vn-V urn,™ progrmm 
““У thmu^ ““ d”“O'............................p

ТЬегб -иуеЛоЬреьршеВи! aiudaq-uffic.,at 
«„des roedevdtHmour oflutrFwase and OeV- 
mques to w,den tlaa пррЬсаЫОн oCЬ„.eot„cular 
pacing. There is au ^dsdpЬdsV: of morn tracO-Me 
onertnevinebds teioeh Po baoe a Tamo ГитШе 
and can help pahaula with ear ар&еогеОк аею- 
,,.,., роиеоиаито. hpteruUle гУсЛ uno ауеПиЬк 
ar ,„c-ce« the Лa„t:esoSa„eсptsfoac.e„tpleno„ ot 
mW anvo„aensi„s. ekoeaenehar„сnye cppcpaehss ar 
Ova uattsesuetee rnrd-he perHantnet a^proaaberlsave 
been l„rdlro^e ash pO staoeas end te„tpp„ade 
Orerindelhe are of Лесе roh-uqupsee oh do-v. .

But despite all the«lcrnp-,mak-' qpettuoioe  ̂
„anttoeeadn: mlat.on to at r.k ed Ьп-кпегиикк 
расшр.ОГПае rpMorae ueyteafheeon theeCtecto1, 
aoinvae tree edi-eady beat de-anased. ffsnU ayumrp 
„РоПсрПо ddfeHhOFto wtosСr ponente wall ппР 
reined ,»,P „or reanond u Ь1ue„t„eplas рпсуру. 
Mmepk tarOrnquea or:ng echopa-oiofrapho au- 
nr-guenc rsrnaance „ерпар (МЮ) Oroe been „гссГ 
ta„nVey 1™ a- ye. to come wide firm aopautmna. 
TPrete hpn hthv^er, Ueea au „0=10- 1-^0» 
of the fact that electrical dyssynchrony perhaps 
raP-sreata о„СУ a tip tf eOe ГссЬ--- lo temmg rffot 
pweeitk webio^i ua-.P™ re-yorW^e-o^at,o„. Майр 
la-ltmoues w.oA „tealoae lOe ntUanent„clhes dya- 
elsorPrpbh1 oautg aepkl totoatpieoe os Paterae wof 
tuoututtkkda, rnern oeak„olocn0at .„toee™ 
-yrtpaHlnil ^»O1i druae eue араП-Ше ter.. 
dFpokr^„1aln-e« pp«1ea„„ „ttnspaS.t etc i Pave 
shownlPatdremal patrr^Sewho beaefil ftoot hOlT 
arehlidy tPoadwPо Pave nrecParnaat tt^yudaooup 
m the various myocardial segments. As a corollary to 
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this fact, it is not surprising that a large number of 
patients who have ana rrow QTERle5s than 120 ms) 
have been noted to have mechanical dyssynchrony. 
•n„ role of biventrthiSfrpaotns n dea-g stphss d nt 
these patients and the initial results seem encourag- 
irrg. If such patients verb to гтртеое frocs erfac 
resyirclrromzation . cC wopldnolopty opuso new 
channel of therapy fortilotofpatietrd,iS woutd^opeit 
doors for research ora nnnrher tteqktdhono kdahng 
to the possible medktoPtoo of hear t fathtre and the 
reasons of benefit fronrresyrielo^on^anron. Tfrr tola 
of LV pacing alone d„d fonroleee reeyrrhrpa,maOon 
in patients with atrtd bbr.O.nSon isbenegratmsted. И 
reniams important in anrtsihbrpln tnpabentswrdr 
NYHA Class 11 and n, vsOeMr yisrhnnrmalsyidohd 
tunaion with intrapsntftepfiy ^conductinn tSslaar. 
Various niecliainsmsbmaenafolnndebeenptoitosedi 
but the exact med™. shSlnenneputKlo^ nhft.0 
remains to be deternamed whether Ше Ьсерей would 
be extendable for pannMawbe RBBB and alterl fibs 
nltibon. There is sUlluneerfonefy mbouttnaSnat site 
of pacing both the LV and AkrRV sth dsrsea^- 
tionship of the beneSitwrthhw poaetteang QRR 
duration. As per ths current loeoentaUou Pappeem 
that the anterior brenohesof tPre eosodesy .„„ 
definitely inferior ohnroes n, rores™ to tho dV 
free wall, It wtll alsobe ««поИ oe whnk»r PV 
paang alone may barn effeatPh srЬ1ne1ihrenieepaes 
mg and if so, why?

Biventricular paring (cardiac 
resynchronizationP: conclenions
There is evidence tosunpdsrthat ronduction defects 
are conpled with mectraiikardysiondironyandhaae 
a significant assoc,afioyinhla thedateoiomnonof 
the failing heart, if not as an etiological role. The cor- 
rectiou of this Ьу^щес^ do nr. гпО
possibly long-term hemrenrantittn and ШтрЮтаМ 
clinical benefit. B,eeoertetiderpao1„g ts anntnpyahns 
advancement m tho deld od со„еС,„8 И» ^р™ 
chrony and emergetas n уорегЫ аеттьеМапиеп 
,u the evolving ther.epres lor fin Vnlmg ПепПаЪпго n 
enough data to showdthat Ь1eent„oul.R paeidgfene- 
fits a large number eRsPPrennwsЛ syntpin,nteeus-

and .„proved he„,ndp1ta„las. Most poORkV 
whoarecaud,dates eorrllyend„outesop;nsgersatltar 
significant risk of SCDaThesepoaewlhrtn eatl„dima 
constraints, biyentncuPie PrfibsOladosr are eddy la 
Ьeco„etheruleforroaspadepdd1tsandrlnttnprra„, 
to realize that not all patients benefit from CRT

About one-third of the patients with delayed electri
cal activation on the ECG may not benefit from 
the device. It remains elusive how to identify these 
nnfieptaaresOd™fivdd.art^oaRrldgradhnond MR! 
aas0eшgnu,et,^tedSotryt1„rrhledPfdlsat,enK who 
asyd hkdp to dp «spoolers tte non -respopdera t end 
alrplsa,„dl,dtahttoЯ^npthore_P>olrtotssia^d,de^r 
tify patients who may be having evidence of dys- 
'WV””1” segimofo)leonnadson dpd sfifi о^УР 
evidence of a narrow QRS morphology on the ECG. 
at «„eld doi^resnno fo „1^ bnw et-P, 
aetlerha «oukPbenefipfrom Cbt osМпРыГе Раонее. 
. Cassenhy o» ldeadcaridrna1efos ablvenb■rcu: 
kar device wnrnn to be r d-firnl w.thNWHP Ops, Pt 
.n- no beartdelnre desp,temed,enl tferapyib bcl 
ПрЬ». ted boodleb-ssicP Mode pdfience p QRh 
de^olasrtfth a^d 1ikft™,tnesitar bed ^1,0 
drm™o1,oe„„e 55 шт. nahenls „Л e QRd
db r_2Mdn ma have Ло sio<anise Vo haee beneth more 
sn,Sthosrh„te.^,oИt rfe5^<1sмept„ed,an,oalPyr- 
h.,add^n1Ч1aPa0^S,d11tlropp<irtcao„ aonpr555eSws 
о^Лауг ddb tondte Ьra„d9Ыodlaneikro earn! 
^геРйп *01.1^^ fidy Прпп oe,edeaddn naSSerdЬdS 
d™Reenle.adlЛ ranr^er«ed p, dre ГгогГ aph rderKb. 
кЯее,„^о„паОт, ,reeaУaЫe oVihbrhe rebsneeR 10 
dteso petsems. The ^,for„aOon n„ fPn Ьee,efit^t 
nat^stf»itls hmiA С11Ьгп^П eanr,kt1nsolnak ьшЬ. 
narrow QRS should be available soon.
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Manage a hERrt failure clinic
Nann m.a/m

Introduction
Chronic left ventricular systolic dysfunction or heart 
failure (HF) is a common disabling condition affect
ing about 2.2% of lOeUSpopulation [1,2]. Today, 
about 5 million people onlf .MiHF.nd abottd 

new eases are dinoseb omh^r [bl
Some patients wttb Hh leada„%„depe„de„Pand 
fttl life .especially wlaenvemr.anlaranmodelmo is 
mild and hormones producing vasodilation, diuresis 
and natriuresis counterbalance the vasocoo strieti'og 
forces. However, moderape to mafkedlimdaCone 
that interfere with ernaloymen, oofs usI aohocttes 
of daily living and result m emotional, economic and 
social distress, and n burg™ 1 ■ tiahamsc .

In the las, decaOailhciehae"bocn mniarmF^e 
advances on many frontirrelafeti cauod««.odao! 
rf tlte pathophysaologyofHO, lhe ncaueaSbhbnda of 
the syndrome, as wdlacmagoaaant о*™"» an 
pharmacologic, „.[anaCdsgc., mnC medcoal rhea- 
apenbcs One such adoaaaae lagnarf ihamare from 
treating HF symptoms to treating the multi-faceted 
HF condition. ThaonaC mneadm il,[ Unown [hal Hl1 
can progress even when the patient remains asymp
tomatic. Core drug Cheaapies thcapromntenegeassaon 
of yentaia-ulaa aernudaimg tot Oym™ itspaoems- 
sion benefit patients by prolongmg survival, decreas
ing debilitating sympomt anae taehentfug rnntbiplhy. 
Based on the behef fhrl pdtianCd rod baaeCt frpm 
comprehensive hestinhM at hpa atcndihon rafoee 
than just treating symptoms, a disease management 
approach has been advacated.Onr dstidd o- dim 
ease management ie d^ of a "HF - n 
clinic program can aid in the verification of diag
nosis, ensure full cans planning facdhafe oodnaa- 
tion of drug therapies, promote changes m lifestyle 
and self-■managem"nf,idcrcet"dFtienf andfamily

understanding of their condition and treatment 
options and guide patients toward supportive 
resources to promote adherence of the plan of care 
andwellness. , [ -

Specifically, an HP dcrnc refert th a snrae-nm 
andcooidmaCdO, algorithm-driven, physician super- 
aiial.iHieirliailpImrnouUp.itioitnmdeLI'liibdup 

1o wMproviife .uppers for dee use ihU an HO diild 
iiitheconhmrnmnCaara.k wall focnsoncd-apo- 
ueut. mherent rn suof"aStnl oiarf-ир cad operation. 
TFaFiaatcntlOh will be given to issues and barriers 
dhPaJdamg dmt^ sudctss apd ramenulkaitetionsm 
hnowlCdhedfHF dinks.

Why ana HF clinic?
Tlirrei's muds evident! at sadUOFi tdeuse of a 
H" a^miii outpatient management. The current 
atcteotHF .are, wWchiseoitomizedOya cycle of 
"roar man hoephahrahont add .echlr ea„eoa,a ont- 
[lMianloarblrh111p„„hiyoee„ciaИlЧ[atF^epmt^der. 
has not led to a great improvement m patient qual- 
n).oFltfeorp„cg,os[t.FbhiacbtaenttzlcttaOfcol„- 
pensated HF were followed after discharge from an 
emiimencydemartmanaofa commudiiy tn^s">d"r, 
"1% teCncneUth tht amercy Sapa-hnsM a were 
admitted to the hospital within 3 months and the 
m“l”2™d an “ln"C ”" 30dad- ИНп w H'P’o1- 
ment of Veterans Affairs study of patterns of hospi- 
nil anh almF" u« anal dtskuadiMeh deaaO in HMfe 
the cohort of 31,429 patients had a total of 34,907 
hoepitd1discharges.Tha averalb ^luiiitaiadla 
gepaleanidtoa,t.7 чмо with a ptunarn cits uhaat- 
eam, -Solder nasals foe acniUkaOo„„9rtetln end 
l-laeoiaracm^e aaife Onnng a t РрО1оп,С period. 
ПiooooeaИ aUHhstedeisaadcnaaenmonahfyalt ос.™ 
was 64% [4].
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To assess whether survival had improved over 
time in 1 general populctionofpatients with HF 
admitted to a Scottish hospital with an HF diagno
sis, crude ease fatality rates iei 1989 were compared 
to those from 198710 1995. gorthe P.Otu etthott, 
fatality rates were 19d9oAat30daySc44.Shtiat lyetir, 
76.5% at 5 years and 87.6% at 10 years [5]. In this 
group of 66,547 patients, tfieme dioeoye ofmrle9 
sod females was 72 trnd 78 romo teipea.velyaud 
age had the most powerful effect on survival. Thus 
within 30 days and ttfieaiOOasd 547t-hospltahoat„, 
median survival rates improved in both men and 
women from 1987 ag 0993 whem cotnpaaedtuMa, 
bn, only modestly ((%. median SOOaynmrtahiyrn 
1995 declined to 18.6% and 1-year mortality declined 
to 42.4%).

Using the same Somoni, Ohthbasy. Sfewan snrn 
colleagues assessed 16,224 men and 14,842 women 
after their firs, hospotahzatrnn hm HF rn.Mlana 
compared their 3-yeu snrv.aal io pafenls he.ng 
admitted for the first stmewith mynaifrd»lza0pm- 
trtrn and the four „iootcoamrou ^hesoOeazcesOit 
each sex. With the ehcepinth oh tmrg dancer, those 
hospitalized for HF naCa,epthreoasuru,oalmop(oxa 
imately 23% for Ьohrtm^asa| 2|. Uceyinhmoon. 
large, ult,-center dmaet t„al oa reaodr трЬеПеО 
,„ recent years ,„ foeUu.ieZ htotu ннп hEuaopp h» 
y,elded encouragrnc ohyrl-ternt turvihal bo„e[d 
and improved qualifr-of 0Ce7-. Wh.k HF propio - 
sts remains grim aeipifo 1^110.0 on pharm^coi 
log,c therapies, there e. hope t0as euais mayhhurnenc 
as recommended io theC«0.oqesCl0evNor.m? 
Council of the ArnyaieutrHaeyl AsmeEfrpn (ЛНЛГ 
|8| will improve susg,valanPe„haocefovpt,oha1 
capac,tyandquahtnoterre^AHea0h1rd,11t0eCnnrs 
care by pracddoneeearnrh HO rnAmtwraud ntes 
an integrated approach So орр^о lOu ан„Ноте 
based on the ourremAHAandAmes.eon Cohn 
°f Cardiology (ACO grndeirner |7| men phSenhdFy 
impact prognosis and also decrease the rate of hos

tpital recidivism.
The current stateef mnornmeACeC HF ante is 

complex. Proven phcrmrcp1vg,eehsrap,et neustbo 
administered to thp oight paneiimand a, the right 
dosage levels The healthcaee proyrdno „еоЯриесСс 
multiple niedicatiovcindpay hioci «katrvnto 
potential side effect Ocugmterhchone uornrrn^afo 
canon, doe to con,hsЬ,dlt,ef,Osugmtpafiohte,■u„ 
electrolyte levels, and serum drug levels that might 

prove harmful. Many patient factors add to the com
plexity, such as level of depression, patient under
standing of the effects and side effects of drugs, 
ficaneihi аоти» avcatt m арЬ™^ «Ш1,л8-

to son d™pl.pVshe„trhvel„gpfcv„ell,„S| 
anihd Н lead labols and folk» аОппп.аМПоЕ 
h„rfnvcclend aЬ,hryroopav bong ornnamssOeln 
fdd,t,o„c h9vtthcare prooedees .hnu tiep hhoo rnth 
z4vt„oe„ie„ttthat „say .rneiact badent subgaoups 
е™0011^^’ „ут^ ao mnuensepo1eplsesmacy 
n„g,nfomen„. Ths avdattel0h,>i1PPnИyE,a.eC 
primarv 90^™ oney %!, аЛкИ 01^1.^ 
wldthhelFtottmsear01 ondmgs.......................

. Шрр(mW03^™,lharofter1гedрТупесепрт»- 
tices by survey to learn if there was a difference 
m НО „ап^тст Ьytdee1al1p та. ho phyd- 
oameuktedM р.ЛЕпр eeahR,mendntrnn.|01l 
Reseaeebors fobnd s.pm&ant hefferenfet bcfrvhcn 
physician groups (general practitioners, internists 
n„d сатИок^) in oi-ch of She moptH yoMdeae 
rioanmiwemtrnns Revaluation oeiaft ne„^,enlas 
h,,,adon.a„nюK„1m aonmeltmа nniomc (ACE) 
1^1ЛЬtron nrc. ad aoe mh.beeor don^1gd).er»Ro1- 
valsts teporiud pruftem CheE «ase move at aRn- 
forRntnwet1t роЫоа^ vШlennes tOs„ the othor 
physician groups. These differences were large and 
agadviScePp ^„«fam [9r Oueje „dohok for mfr 
usiur sperlnem phtR1oans w drptmyhdsnl shoS. 
wohfh.ossoaoa^. Hi,si ^nlco„1paaadcasegfvfr 
eOecEaty P.I hin panes,, lrosd1taheano„ for HO Of 
Oh.h horphat cosies SongbP etf .tay iihd т-ЬогрП.П 
modHahly. en614 coheashl^ve ^00^ edwsotied tо a 
t,rnela^dШhemten^rfrell(oshsuSnnnPyon1f^esnpce 
m any of the outcome endpoints and concluded that 
mamlahN cure nrrne expenSene haas foa,
VrovfVedbn!e«rantlo1taC. s .

toano„tsleira,t^eiV„gtmanvHVm,efn,SVpro- 
nsamSlChnPhecKlЬyfasd,ofoglttr.mlrSesanC other 
0^™ распИет „hOpSors,ahee,„ tbeiare of 
patients with HF and cardiac transplantation, have 
cfnorledfee(0caЫe„,ocCclilt1Rasuac1>mertrnЬsn<(vn„t 
hov>«nhzann_n^ lehpihof nerч1eShS dОuy,hhv1«p of 
Шее uwoO eoeheise ткаал^"^»^^»^ 
of program ,mplemlvt11tmtl. Tar Ometrubhsheai 
reason nf irn HF chmc pegram».» rnheo .ПЦ 
0ullSfn„cady.Чort.otprorortno Ла, nrteoedУet. 
tersntcombmaУonsofкrsetttmegolhoCowon.ymala 
program features differed in each report, two things 
were common HF u^hnic ekmonts: adiortmentu m
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medical therapy consistent with guideline recom
mendations and patient support (that was evidenced 
in many ways: medication, exercise, nutrition and 
l,f«yk education meidi.cawntrapydonstionrnat.t- 
nals; vigilance montforrngtor adherence Pothe 
plan of care; honieonnriandtelnnhonro tiippenl 
initiated by the patrent) [12-24|.Ыап,еИ-а;.Пугеп 
of comprehensive or mnltrdrsntphn.try ttrateg.tt 
of support for older patients with chronic HF [25] 
and a systematic revr.w ofrnuMthaciphnay Ят4е- 
g,es for pahents a, Ingh „Л Ptt hnaertnl mtamntsrnrs, 
[26], pooled data reflected improvements m mor- 
talltyj,ospitafcatio„.ceptrft:aryanrt_otlnnrahe4csi 
outcomes 25-27]. SpecrobrsdHFrStotc yerronnel 
are „„re kkaly to keep ..1г„21е, rotoanchdiamd 
advancements and ere merelrkeiztofolfor, AHA1 
ACC drug recommendations since they are con
stantly practicing the artantl scienceof HFmanage- 
mem and develop .2 gmataa rapyriotretf actions 
when dealing with the corny,lerinnrhhtntagemant. 
Ulhmately, panentsbenrfit.mca modnSaeron ot 
the progression of HF end antnnrced ,1ПгЬУу ot 
Be are assoc,ated weehdrng anW needmnA therapy 

■г™»»-...............................................................
Nurses usually csety on, Oeitutad Aanent e„2Cy„ 

„onoftheoomplex^otpentstrfHendtlnrsihydinfoen 
and management Nussaswho^pecialtze yu the care 
of patients with HF hNnttntrnnnerknoioleOnn 2nse 
about important ednaa11onOop,ata- eeenpareO te 
nurses w«h a entraal caaeon meNnok-etueital 
background [28]. This knowledge base may trans
Late into educational „^^111^,0 mrorrvtd 
patient outcomes. In a randomized trial of post
hospitalization edur41™ „„„„он ртоупЫ Ну 
knowledgeable cardiac nurses, not only did 1-year 
readmission rates decrn„St yn nth, nre Ilrf OoiaaнAa 
non group (and „Otrurhe „onlrntaroopliboidhe 
combination of 1-year hospitalization or death 
also decreased sigrnfiaimtily .risk a1 3l<3, 
P = 0.01) [29].

Numerous repocls hana prrtHOed iviOedta of 
oversyghts pr„n,otsne noii-pharmeaologia slratc-
gies that might prevent hospitalization. Many hos- 
yyitalizations may be avolfed A laeidthtase potoitiioa 
frequently reassess ™»Ыр knhaono,pee„чnthtt 
decompensation and also promote patient adher- 
euce in self-care, .cl, „.„egtmgmor.J. e!,.» .w,,!1 
ton, monitoring), anypannenliynrecommendaotovr. 
Issues to be addressed are a failed social support 

system; diet, fluid and exercise non-adherence; pre
mature hospital discharge; inadequate direhaeye 
planning and/or follow-up; failure to seek prompt 
matiimti nhenhon whan sH„pto„s arne-yc or 
rvwesiht idnhof ^drn^rtnntlu^g ah the Ho pangooinai 
dm^ayy Oenefitr, and achnn. fha/ can гтргоуе oof 
нnneteЫlнk on oHdetstanding ri upon. ibnt 
ea-i-c drtrmten |WA3O„ ten a gatrhonnzad ann- 
ппПЫ study of 9d раии-аоиЛ „НуопгаПг Sdd 
remtno^o_rtptш1^l ondtcal care ky H4 ryeciaiH 
rOirkiooine yaneno were ^«1 to rouerna or 
ptuliid.sc.ntary cate, Hhoae asngue8 ho mtku- 
'at'li'""1’ rare by ._„,„, sohonot „ rhehoau 
tetri de2maae0rЛocl1,HazaOon ot dandt W „tooths 
t,n^inttervm,1o-„ №4 tl НП hero lhat ayes spacer 
rzeo poosiCiisproud loment the по„-рЬег„аоо1ое„ 
dsnee noheram n, a chrome, рунр-рогр atczOiOhn 
Uce-eO|^spec,о^»htоahttlltttiiscrnЬ„^2ehrentncn 
to orrd, tlheh/^am 2П„П1<Гуо tome arptrtod vpy- 
ктее motninring, and encnd-ayas patients in d» 
m„mn1tmfheelyШd alienttmeof thrnay|a6n ,

WlrganHO chrnct SpoHuthhii HF оопп pBritayoiai 
nurses and other healthcare providers can close the 
„ Ьео-™ Ле пип rf „„„„„ун0 сопу^пЬго 
„ПОн optimiheO Matmealsa rendaiinesh nl czar. 
^n^Poa Shu =»« t»t 0„H Atatoaolcarnsys^an, 
can ba recognized and ovetoorne rdrttogh a cvnr- 
drnatoh oHncoaA eF рореМ». eУ„cmtn„, and 
research-based disease management strategies.

G eOningHtorted
РтапсЫ and patient outcome successes attributed 
to earn yiowdrd a„ HF clinic are based on fac- 
2,1 deal murt -e Gectem^ndattaMed to rn the 
nOatll1n^gptnasey>uerilnnrtoh2mkaУnu1asn irnod 
m Table 6.1 and include structural, process of care 
aito-eim^uy-00^,! icsuee [nZittS]. 11 is „portend 
n1nnh„ynt1smmkitla^ennht0r,eQnHtirnrcntky 
learn ,n town tvttlc гхоегПееЦ кно» п2нГ oiOss 
nan siA^dr^^feri2mhea.еnas-h^teтеt-sf tart 
coord,„atyo„ across tararWirnnt ^^e vohenH iratist 
OerroVtoh^ean^p-HK care rWin,nor lean, .at than 
HO cnndittoo wOTseoyti, aiiV Hoot Ogg local Hoottaaa 
tloat puevahtnamnisftoнtrectinlngoptimtzrdcare. 

р Once predonmagy qditAtt-i th apycotoreiy and 
„„гсуо „ппЬ- rn Hf law! otrdИ„-tava.laЫe. a 
multidisciplinary planning team should be brought
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Table 6.1 Questions to ask in the early planning phase and impact of knowledge.

Questions Impact of knowledge gained

Who is requesting that aHF dinQpeogrnmOadeveloped?
Who wants it to succeed?

• Community primarycareproviders
• Large (general) cardiology practice group
• An advanced praWcenuree
• Hospital administrators)
• Nursing administrator
• Managed care orgaaizaticrn
• HF specialty physicianA
• Cardiac rehabilitation Hoepialists
• Pharmacist

What does recent patient dFtepC quylityiedicntors of
HF care reflect?

• Is left ventricular ejactPocfracCion assessed in every patient?
• Are ACE-inhibitors and beta-blockers prescribed to most 

patients and at hiWhcndocjh pceese
• Is there written edid eccc ofpreventive therapies (i.e., 

smoking cessation)?
• Is there written evidenceofpatienbuodecsnandtngindipt, 

exercise, weight moniponcntmedicctiynsannwhynoonotify 
the healthcare team of worse nintcenditipe?

• What are the 7 and SOdayre-lcospiaalisatton rates of the 
local hospital?

• What is the in-hospitaland f0 wnymoгГаНПу^епо^Ье 
local hospital?

• How do hospitalizatioaccalmothaHtyre^camparewplt 
other local HF care proaiaerco

How will patients be transfaccedar raCerred into the HF clinic?
• Are you depending onorimaryrare cetectals?Cardioloqy 

referrals? Referrals prior to hosp ltd I disdctcoe?
• Do the current practitioners have enough HF volume to 

offset the cost assodnCnd wito ps:ld|np healfhcareproc|dpccto 
meet the needs of the progrwmf

Those raea estingc Sf ЕоГгПг wiUhave overt and 
hidden agendas that may impact the fecus and 
goals of the program andthese may bcdiCferepC 
than the geals ef these who want the program to 
feffaoprif not one in тyasfme).forenamp|er e 
hospital administratormaywcnftodecrqasdHF 
related hospitalizations to ^properinaacmc^at 
may only want the cliaicecacf|tidqecstordfus on 
discharge planning, noscom|r)rdhoat|aoHFcarp.

Putting together a HF ciinicCnPet Cime/nffort/ 
and funding. Prior to initiating a plan of action, it 
is important to learn what the current status quo is 
so that you can build on specific needs. If recent 
aualiSy indicators of HFcare-eflnd:optimided 
patient data, the clinic may notsnccedof|aaocia||y, 
ospefie|loitf0a stakdhoiddrfacdtdla|nqon пУс|епу 
rnfactdld

Describe your local HF patient population:
• Elderly? Obese? Smokers? More hypertension and diastolic 

dysfunction than systolic dysfunction? Comorbidities?
• Education level? Literacy level? Insurance coverage?
• Are there general econnmkiscuacChiHhunymtaloomeqt rates; 

lack of income)?
• Are there general barrierstotere tccsase neichborueodjack 

of local pharmacy, lacEassudao rtepro izep-cab orwheois ucc 
meals)?

If rdlying on outsiders to provide you with the 
naduicep natient volume to break-even financially, 
you must be very sure that providers will actually 
make referrals to your HF clinic. This requires dis- 
curdonane collaboration ley thasww(ormonaC 
parkiur ario-to programwiunnimg.

primary care providea odlu tcbnep tetecpaCaentc 
Flcaa wrdtnansplant caddadpteMhcn ^и^со^ат 
maynoua toheva a difS^ene Conu?ri.q.,luclude 
advanced HF research protocols) thana^o^a0 
with a broader patienStetd.

Knowing your local patiqnSponalarignwlii yrpvent 
development of actioqreqotpatienCtwill cot ana? 
efit from (i.e., reading levelin ogtinutqanoation 
materials must meet the abilities of most patients; 
if your property manacorcho-gefw po?gingteeor 
рас°пп g a^'t^^^lily anei|abidnoa r ShctadHty0 
рп^еа^ may cancel appo rntmente),

(Centvcucc/)
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Table 6.1 (Continued)

Questions Impact of knowledge gained

Does the infrastructure support aprogram )hat promotes 
services across the continuum of care?

Care settings: home care, pmergency care, acute 
care, critical care, palliative care, subacute care.
• Are AHA/ACC guiDalispffollowsdun allcsrppottiagp?
• Is there coordinationaeroascare hettiogs n apationa must 

be transferred?
Is there clinical expertiseinHc acsoisa?tepattiagse

Does the infrastructure suppo stHproCrsmthailosoot 
patients with any level of HFhfuosSionhlgaastnaOar 
only moderately to severelysymnsomaldc patients? 
How much attention shogkrbn gaa toptevsotne 
strategies; population-batesl edgcidonmarossalspteleahoaic 
monitoring programsS

Do the partnering phytkiyppohHowlhyAHvvMCCevideacp- 
based guidelines?
Do the partnering physrdstc taHpopuhatango-fthmhrguitlgHpas 
based care practices cap meat mcsypatapnt carp nppds?
Can conspnsus bp rpacDadonphyrmacatogktrpmtmanofosdigt- 
tolic dysfunction sincp yaHhncntdutpdguidplinps arp not availablp? 

Will patipnts bp mainlDMpd0 cpapfeptnas-pgrskennlb0 
Have secondary insurancp?
Bp in a managpd carp pangi-amt
Is thp hpalth insurancemnrdefsnaNann nnurlodonnnviaoomantd

If programs arp not availablp across thp continuum 
of carp, it is prudpnt to crpatp more than an out
patient program when planning the Hrdin ictm 
pnsurp optimizpd carp whpn acutp carp or sppcial 
sitvicasase rpquirpd.

What is thp numbpr of hospital dischargps ppr ypar in DRG 127?
What is thp numbpr of ambulatory carp visits ppr ypar in your 
hospital or clinic for ICD-9 codp 428.0?
How many patipnts wprp trpatpd last ypar in thp hospital and 
ambulatory sotting?

Ssmptom managpmpnO psythoror^niudls, educa- 
a юПу rny porssprvicps and rpsourcps can bp devel- 
oppd sppcifically for thp IpvpI of spvprity of HF that 
gse program is pxppcting to trpat.

Potpntial process of catsbs usrsfoald fa dhtusrsd 
snd agreed upon beforeim|tlampntation. Ifago 
s:ifo kammpmbprs fppl thp guidplinps arp too 
aggrpssivp or rigid or non-sppcific, thpy may not 
rpferdudpgts to thp spacial|zad?t cHsit.

Mpdkarethu-tnr-servkedoyrnotindpyu sardtec 
snleuNlitation (ig patipata wkhoul: corthtryartg^ 
ccspurpS,adhcatiog serf-cureaychgsques^uts^og 
aou nsei rnga tabemonitoring, or home care ugless 
anme bound.

In a volatile health reimgarsem^tmnr Set, 
patients may change heaichtaruprnalderstomeut 
-eimputtgougCpolkieSiA|iotrae ubopacaa 
impact optimization of cpru.

Is the HF volume in yonrcpatac ^ospftafofficy os 
clinic) largy ynough toacpnort payyasaonyfuH- 
timy clinical nursy spy?iaiisrornprrg psoctidonor 
with pryscription privHpges? ois^ zpart-timp 
ua? ploDRe(s1mey interrugtservkes,prpecyou 
oh-oo|ggan?sp-gatipntcommunicacion.Tyis nrsp 
dpcrpasp grogram benpfitSi

DRG: dischargp rplatpOorouo;iCD:intgrnational classification of dispasps.

together to shape the program. While a large group 
might be unwieldy, itisimporCantthoCprogonmps:rc 
define the program’s scope and overcome issues and 
barriers learned hater answer, to quhstaio prrned 
to Table 6.1. Then. much rrUnhe prycero work ear, 
be completed through electronic mail or small work 
groups. The planning process rnoy rake wwer a years o 
all elements are bemg geneeatel lay thr twn, wrkront 
tlrebeneSt of commmukwWngtirrdeokayhrahng wrth 
groups experienced m developing, implementing and 

evaluating a specific multidisciplmatyapograin that 
rcstmctarcn fnaSs tothh prosed model. No matter if 
the planning team consults other organizations to 
leaanfryrndeeia trials anderryia.eaperttktakearnia- 
siderable amount of time m discussion with key 
stpkdroklmruand poKnmail rrn rftlw program.
q tt tt mportant todderntmewirors mdrrhkelylo 
benrtn Weom HF drntcnrdeknedkons [»|. Umrtrlymg 
taatreoh „yet ttelyb eenartf„rr„tnr ртцтт 
might be difficult since potential benefits are derived 
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from medical interventions that the program advo
cates, the patient po0datioHmnEed,patient health 
plans and available HF resources in the continuum of 
from that ata beyond Um meyi afnHF ehmo.Khgal 
c,tl. conducted a Budytt, ih.nnigitidsnatiantswould 
respond best to a HF disease management program. 
Pattanta »ata „tatuard, on age, aotaotbietuu n,d 
preadmission funettonal elnss.uhen haiadieroeaada 
tbaasa management ntlomeneon an dthnethar hid 
received usual care. In the investigators primary 
analysis,therewerenatieWsrenedebmtuh.ioegroupagn 
overall or HF hospdtbzaton dries aid ttnditcctdh at 
6 „„„ths. However, they found dial preadimesioii 
paUents rn fononmirldas h mwl leu«ttte htuy 
leading to a redueUoiv in total cdttSba.n8%zh„iparhh 
to patients rn die usual arm gmnp. hanents in dune- 
bonal class 1 preadniistrtn iurd a 28ПГ4 rngitase ,u 
total costs and a 14-fold mciaasa rnHF costs 1« . ,

Another fodor to ooiistdit p the asapra hldtoia 
services. Wdl the HFclinisUocuson hannnttwnhsld- 
toltc dysfunction aloiiaoainsldds pahtnts dithHF 
and preserved left venAmalhrlsthanin One fo h-^er- 
tension, post-myocasdiai mfarition, „oUgsdrUnforsl 
Smea rest„a,« anil hynettrop01acaralo„dOdftlrn 
are lass common, plumidgsdoulg tisduda deoidmp 
whether these patients am Pas, spread» nfur-nO- 
ized HF clinic program or require individualized 
physician care It mntc badacrnndat «detect olpa 
program should ^оо»«»п!П1™1 oornar- 
bidmes associated «ill, HF cud, at dialatnSi atnal 
fibnllaUon, hyperc„uks1eldkm1e, ant аерте-™. 
Finally, the scope rapaadnin ^,«1001™!. mom 
iformg and treatment tif serum tnsU-^Suih 
land n, patients ft, warfarin thaapy should bs 
considered.

There are importapN:ot^itlauan'oaf that dee nail- 
ieal for a successful ofograrn, Ondo 1m datf snd 
long-term operation. The single most important 
key element to suernT „«.Ьо..,™,,! minuml 
(1) choosing the tight playraiiandsamagdii, (П) 
employing spaaalizad, кппькП„еаЫе HF hnrtsW 
who effectively collaborate with physicians, and (3) 
utilizing die skills (f) a elmnnrd aurtc qthdabt to 
initiate and mamtem proPnot ^^1 and 
acUoiis related to ntwteehnuiogytluatnreannsateus 
With the pver-diangtng ее™^ aniddrnes 
and a,d in the opOunzabon of PhtP-nidcnda acai. 
Table 6.2 Itst. qurtai and rnlesoa rat nuhtonadt 
type that can benefit a program. For all 3 groups of 

personnel, it is important that they are effective com
municators with administrators, physicians, multi
disciplinary team members, and patients and have a 
baddnimnd Рт .гРп.п Purdy «пПрпПепРа h-lOhf 
йпуипикипа»! bomar that napaananmcd care.

ОпПрРпорггпь a^nstlwftUtlte Hb cbnm nrnhbr 
mppottivRof the Ьnnf8taoddнad ta aduaooaprtOt 
S1aanupletaraglver h iuUmn1eamsgprogta„goha. 
Nnttos aae mtmgral to the рт- of ran trnee they 
am сЬ-гП^п- whir „aogidfnd hnnrdmslen and 
"d'a™” services as pari nfnny dm iaal rota ben 
HFclrnhilheir backuround auh еОпеаПоп adaiet 
for aostantt thinking rn die пипПнП tth rnnoadorat- 
mg a patients values, environment, family, illness 
rpnenedum and ut buehh and wdlaast baPp
lhe plan of a.m [41 t Wfmn nupserrecoininfaP 
intesnisciplina^ serpdcas.tlieycooaninab arlidUiet 
around the needs of the patient and family and are 
ауаПаЫе ЬyuUo„elSo ^иЯ aha niso of core «ten 
8he Ьнп ahenpes ftorn priinaiupteyentton Югет 
onUaty prevention с.б.птп-е.т atammrg enh 
end-of-life.

A m spnh element of те0»1 аиайf « dte rnedt 
ahl^rno^-hase<F gu,arhn1t1 adedertitaau and dome
grams developed specifically for the HF clinic. These 
rnnsu ba acyamfo pfuAdeenn ипЬПеиИю 1^ 
iah aaeftnaih uaeb th- aii hnaleho.rra pmunkas as 
pppn-p „a1s,luЛ,dr cut-ohf d^mtfhtnek[scthatt1l 
the limits of independent practice by the nurse 
ттрт. amg -!, . hr snnpk tad wasy -a nsa so foal 
thry he nlrtpera,nanat п ЬогО» rocfregldfrtot 
ПььпРс11Ь«1-пИ,1П col^1tlecat„nt. etleiusetdy, da 
alHontina-hrnien ^атааи-ка prnysda annnph 
Ьгкгпгапапа to nraae shd cumplediftas rfpanndtr 
yrth ctaitntcHF, ^1^^ enoaiH id naovids 
besi prnanca . cosl.rttacnnm.pаdnuct1ae, amount 

able а „d pravhnl cancrsiit gnmys рЬупоаьа
related to medical liability of nurse caregiver actions. 
GmUdlnaf ihoAi tnelgfa cu„censut among earn- 
givers, since they are unlikely to be used when the 
m.nlent d ап-рактпу m epnenma siay fto^ Urn 
dthkripbuotmrs. .............. ,

A bnsd daman, lia ^00^1 him ,a AarP-up end 
an Htpuataret asprnt of gaining cot,tsi,rut ,a tda 
use of algorithms is education. This can be carried 
on, by uldУlOlag all ^hnnd »blccnmpr^henr,ue 
-пакпа )„ a foraatsmp taihpg опР pondcr-ided 
lannf1fted tind. that othnsda tOhtamo ruul^„t rn 
a reduced size. Education is also carried out at
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Table 6.2 Personnel qualities and roles in an HF clinic.

Qualities/qualifications Roles

Physician champion
Leader in HF management Approves algorithms and guidelines developed for program; 

assures validity of content; keeps pace with advances in HF 
pharmacotherapeutics

Advocate to change oPhys chynicianmpoontices Physician education; consultant to other disease management 
programs associated wiPhFoiselinic

Belief that recommended guidelines are 
appropriate and advocates usage

Collaborates with othgraanngivers tpgnaure guidelines are fol
lowed; overcomes barriers to guideline use among team members

Awareness of benefits of HF nurse caregiver as 
team member; understands HF nurse caregiver 
capabilities

a .a ..Provides support, encoutagameat; vetsasconsultaetr commum- 
cates benefits of nursing role; promotes autonomous actions as 
sppsopriate to nursing^aree/Hcercoe^achground^ertifkveionaF)

Litigator; motivator; quality leader; builds 
consensus

Lead quality assurance or performance improvement initiatives; 
praoede sepdback at apnualeeruormancdactiaragdnrdntigace 
codfHctS'disouss probcems orqufttsofcn.roondefeedbvmto 
team members

HF clinic nurse caregivet
Advance practice nurse(nursepractitioner or 
clinical nurse specialist) with prescription 
privileges; able to coordinate and integrate 
discontinuous care

Provide direct billable ^atete^’tedcbjce^pramoaa/sgaF^trnraoceet^- 
osclerosis prevention sttotecfesdmedkgtionsmangcq.eiat^o- 
mote therapeutic dostng; n inmenmneeF testing and interpretation; 
routine follow-up care and emergent care when symptoms worsen

Strong background in maascingpetiennswie hUF Copsvntswith primary carephyskien;faJilieararcouspltatiane 
refettan s with specialis^admittinephytidan'atedsm икИка^^ 
notedoapp roviders; ken^curseapenHtctvtusd, etadsivHy msdioal 
care knawledge

Experience with computer dobamgFtatidnand 
information software programs

pnterdaOo tutodatabasvforquothy.nitijrivesanfl oetcamts 
analysis; assists in measureng lerogramdna padaet outsomps

Patient advocate Assessment of patient ardcesvoidldtatus and placement in 
apprepriate pregrams to meet needs; patient education; vigilance 
moa|tosingtor adherencdtoata Oanofnnse

Clinical nurse specialist (masters prepared nurse with HF specialty)
Project development Program planning: task rdrando|nt pgstonn teem costa nrsontaSea 

with current care; workfwitginadmivirtrntivv rnees; nsse^ps 
care management algotithmtbssddo ntursoeogu|0e|inef- aovvl -tar 
bedgetddnUa collection varicblesfor outcomes analysis, nurse care
giver key job roles, paperwnrn -o fssiiidaCedaf-to-dgv opgrdtюos

Educator Educdte nurse carpgivor(sh cnprogcemplovdnd dthos^rn/ 
guidelines; ongoing eeucdtiooJosteiSdadvurrnapragieetSsr 
by drticle review, in-serakds, formnc vddtd°on

Consultant Coordindtes dnd pdrticipdtes in site visits, telephone consultdtion 
(pdtient end orgdnizdt|oar,unoeddcdtюd work-loops for 
outside orgdnizdtions;aees|ops, mitidtos, mendgerotopestpas 
continuum of cdre progrnmt

Program maintenance Revise dlgorithms dnd guHpnanstpnppppacgwfthspcnm- 
mended guidplinps; dpgatopnam gvidaiinpsdr npas:led;astatt 
progrdm qudlity; promotp eefvctiasopprosioes

Research Usp databasp to answpr qupstions rpldtpd to progrdm pffpctivp- 
npss; dpvplop prosppctRse rdl-aarthqltnrtюecaneproeouo|s; fdf|fJ 
tdtp npw tpchnology otssttdmdShee promoeeeimppeficipntipt 

.............................dnd optimdl patient outcomps
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monthly meetings with staff, nurses and other key 
personnel. At meetings, HeAcomp6nents of the 
program can be reinforced, new additions or changes 
can be reviewed anPPednddpolc cag pwctrfSe freU- 
back on process or quiPey ocsuns, . _ o

It is important to understand that organizational 
systems that are d,rectoy rrcmochOwd with dhe HF dime 
may be „adequate toenpeort dee procquies needud. 
During the development phcra teh tPc Hie doted 
processes mrght reqnnereernon to iaeihtatc tSr new 
plans of care. For emnrptc, aodoguatn-tp eoScptder 
slreetorcarepatbwaytieneencoumgFsparpnetcmstpr 
directly from the HF clinic to another setting when 
emergent, acute. snCaeete or oaigaPtre xemm cr rerooae 
mended must be associated with transfer procedures 
and forms devised io toot ppttrow ru necrnPone 
daily weight and snO.nne .enddnrd nttokn for «tf- 
assessment must ЬоаеюссОоП»* fte ednewn^n 
plan. Tire HF chute mao hooefit Foci the purd-ace 
of new equipment; sod, ww a warterg rnofn OV wifi 
videotape madnne, g csmpeter onfts toCosreC ancsss 
for HF education progmwr.ponin ofoare scrront 
В-type natriuretic poeode tump equipment cwa 
biotlmracic nnpedamdehemoOprramtc nenmOor tOad 
can be used m patient assessment.

A fifth element.to succors mantO» aroomd the 
not,on that the HF etnne ,n „me pooueam m she 
continuum of HF care and should not be devel
oped in isolation fion nd» Hp een.oc» rn mno 
areas. System,zafioe of prcnrrtetrmoogenee terner 
and departments rneprenus qealoy eO стиратР 
leads to better longohc™ uutcmnePidVheo paUonto 
require emergent paca, if rr bonefiopaU Po uPohcea 
facthty tu which етегреосурЬрпс,». meat the Hi 
syndrome using protocols developed specifically to 
optimize HF diagntoau "d Peetmong and no» .» 
manage the symphcrnt оГ drromoootafion. Ur, 
aggress,re emergencedeor-ntoee ЛтЬПаиопо, 
program decreased early hospital recidivism m 
patients who were ОтЛег^и Srsyp epe ohon-stm 
unit to home [42]. Formalized home-based HF 
programs have not only dehceeso0 the frequency oO 
unplanned ЬоарйнЬтт.тт ,e.i iА la,-.о,р.Г 
rnortahty with,и 6 months nP Onsdnoge hum bene
fit. persisted over a eopgapo pg„oOrPalP.d!c™,eшg 
costs 143,441. The hcvehrp„eM ci an mpu^eor 
management progromkOon ^0 toOeohnnstrato 
improvements rn „.tcHI dcog usa dado wcoghP 
compliance, left ventricular function assessment, 

hospital costs and hospital length of stay [45]. Some 
continuum of care programs are depicted in Figure 
6.1. When utilized to meet individual patient and 
g"™o pogrom reeds, toen pas„oondo!e foOeet- 
up, timely interventions and aggressive effective care. 
“““othe1 rn sice-^e mosonod pom ofemelop 
rhcseHOprogom», toUependeetlp. o eoelOpConceived 
program requires HF expertise and collaboration.

AddUfrotrerpi die w,rUapomfihe effmt Mo™ Но 
team implementing the program and the HF spe- 
“О'.™ ill.lM™,.ela.ll.M nvor Оте „и», 
otr-gorng nmv^ff^c,onspeemptui опсроМ:»- 
опР1.!:--: tOsuO^iieratptsin core, helltuOvh, snb- 
Kp^eihome,c™rnrrlayorotOiClbrc ооРПтроесО! 
kcnp1rtceasr ofcornekxHg cheapoer. k.pnrs,Ыe 
O hcveouw aheaiiced ocacdicr nuere Oe catty nut a 
dual role of HF clinic nurse caregiver and disease 
„тагтет 0^40™ eomthnefoe0 Pewey-oo, nur- 
tnrrng onh ofeintaiuong vonlfip c Frhnroms reqnisr 
„™рпГ bo, rognl.ca vosobiltOy; reuuiar rcoiew 
of proOn* algor,oOets aoh pcfieut ptacnhonul 
mgaucghn enaff edmanm-el .иоогетег andonAc, 
“on™" ^.оГИОтг, Scpcrafiuegn-refer sod 
-hefioe wtltecotOTrlp inceptnn piurrc nerhrPoy nr dhc 
HI clmoc. Oh«oP^ ap,tneM,t,g tevcnoA Cent «nil sho 
inurhmehts,P,h^a„m,rrtenOmoeneШn,uafi^pr„,oho 
other teams that provide HF services.

Before implementation: мгОаГе 
nexOP
torme -s ftaft-np of HF dioic operations, resources 
and protocols mustbe establisheplotraekspaafic 
d.i™ and ehofea 1 „„comes, support pafienf self- 
n,wucwl„n^Mra^hHteadhera„caihCheohllorca^^, 
errcarnlntr rhe proreosot wg.iao^e „toomoriug. 
end promohe n,uh,htacohhttroySoroleepTheOcpe^ 
op„,emoetha Л>rmnrMnoocnsrtrlemr опоПГ Oohe 
time and be expensive depending on the complex- 
ory“O i"" ‘Пео» e орп-у от рПс pcnr t

Data collection and analysis of patient variables 
cvce Opte P «report»- O oioro. ex a uetm dojorofe 
prчrsf„en,tao^. ensneedre pngr™ персе рте» 
emcao goods, grow thy „осПг, Oehrnughodterfisuig 
no proinofiouP^r rhow eo,dfgccohe.psafic goal- 
ity patient outcomes. While it is a noble idea to col
led ofofo or, d™o,,mnhpsolrcrson.wlaim l.rll,,p 
Warooyo thogfretre tesralOPahPuoel,rr„,ectuocr. 
symptoms, functional class, pharmacotherapeutics,
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Figure 6.1 Continuum of care programs.
CCP: coordinated care pathway; CRT: cardiac resynchron ization nherapy; ICD: implantable cand uoverter/defibrillator; 
RN: registered nurse.

hospitalization, officcanoemaagencyearevwways , etc. 
over time; collection of dteatlaments (and entry 
into a computer database) distances the nurse care
giver Iron, patienls, Phaieby Гпу patient 
access to the progsan, andpoSent.alrevenny. in 
addition, there maybe data managenienb cents and 
nrsmnnonal review board papeawork atsacaated 
with creating a useable database that can support 
analysis of data at manelcvek as wel, at data clraning 

paioe toanalysis. AstatisticDanmayneed to be 
employed every time questions are generated. In an 
effort to maintain a high level of clinical availability 
rot cie nucsa caregivas, at is imprctant ao aarefdUy 
dryerminaevc^' aPnt vrandPac are nnpoalaiello 
coliertuSintdhi- tl,a rOcta eoPaaboa paoctsa (papaf 
cenSly wc eeg£a„y to suavco.dntcaddacat paydrosoitpe 
vai,c„Var and ynahty «сГЬУеП and ЛепРи™,™ 
if current computer billing or medical record 
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documentation systems can support much of (or 
all of) the program’sdatacollection 6eeds.

Prior to implementation, self-management direc
need to bo agroohumno bytde ysantat.atlaen 

resources must be createdtogurdamud „ornate 
the patient tod fattuPy toteari bem.tntor odauge. 
Decisions might include determining whether to 
have a standard or indevtnnatlmod resp-tosn i- »r,oto 
gan, (when to net,th the aeaen, ь-Уо-ц emtra dtwreb 

using fluid restncdoy oe timflug the cbrt aertrey- 
ttons to a greater deuygeloudeyorop„gsyoteba to 
eubauceapabe.rtssalleeffiuacy roaeorrymuourm- 
ctte behaviors. Plays to prornow teK-nyotygeyry»! 
may be relafleely rneopeustae In prepare (г.).^- 
catron materials) w7dnothi.es take (-.«-.• replay 
and implement and utilize more resources (i.e., 
home care, teleptouic or web -„уптхМо,- os 
support/educahon nroup).uap„arvty.tlt« Ucs-рГупг 
are those that have r Ss-gb ya-eeaf part,e,pat,u, 
level and ,,, „h,ohfl-eaar,o at gneieoboyedt ,s 
maxim,red. Aga.u, оОппуктопГаЬпп and/or pro
gram evaluation plans involve using the nurse 
caregiver’s tone. thru Ho dSeek uyarndes w.ll ba 
comprom,sed and mogun, revAtae will Ueetoe.

Fad,tat,ng adhere,-ea (y tha yslner оГ earnp- ,„ 
easy task srnce a oca noe t.ts all approaeh »,U uni 
work. Adherence is impacted by physical, economic, 
social, cultural, and oe-.eyolagiaalreu(,un. (у o-y-1 i 
trnn,adherence, оапЬсЯткрУа^ oehrnderedby 
a patient s or fanntys selleooyr,de„vemoareyoyg 
on, des,red bebawoss, ^elfatsttyar and tmdeiottod- 
mg of education that specifies the importance of 
carry,ng out spec,fir M»., yil|g ceflyus. to rnOrr 
for the nurse to ..00,,,^ iro Игераиетг baba-d, 
the clinic visit rnnseOe loneenongle.^^altewlmre 
for comtodyicahon, ad УУг,„иа1у,гп a„U30ynn, 
subsequent visits sioc needed (a oaary nut teiual 
dtotc activities of pbns.nin exam tnd t„n,ee0™_ 
pane,., assessment, aaaossn-eol cl eSfecflvenese oU 
current therapies, „арктоуГаУоп of the p-on ol 
care, and procs,on ol adueafliru. Dmnh the crtt 
period, the nurse must also make time to re-assess 
pane,,, education noedt, lernu abmun stsengm- tod 
weaknesses in the patients support system and 
then use interdict,^тогу rh^paotevt -m orontok . 
„.prove adherence. ...........................................

Repent,on ,„ codm.ontoeat.uy eUnoation rnfott 
mat,on ..,„,portanlandv,at1ents rnuee stodyeatvoh 
the impact of their actions on outcome. In a study 

to learn the factors that influenced knowledge 
and adherence of self-care in patients with HF, 
researchers conducted a needs assessment survey in 
aIdpahienrs. omie^o-flyadi of untoavKlepor 
r^oeeot^rrmatuen about sei^casd^„l).lyr*_nf 
гаоПи-геч^. уо-О shin toon. lot ant OVU 
аоаП-ЬгуОпео- htfli3oiio(7„tg .to addm-iy 40% 
b' rropyydsyu «no, ryyygшdeaSu onporootcn nt 
imyilorg sell ot we,dh,y._gd^dga |d6]. ludere.e- 
legly, lunher doatonsoaHy kedttot УоргП -o e tosher 
П"^^»-.. Pat,a„teleadtogtoek„o»leOele d 
Уу,,»»] torsjytahud ,u the bytyeou nr -itU, 
lei-leed balls rfasmabco god odb-aoa0s,at!eW- 
eanelvyv.mtoctora.eddtrygglcH.Thr.nr^lreru 
r yy^emOer ghat knur-ledge duos uol eqoaS adhae- 
rm in gUdieion, rl.a trcnln -onrOi eUkotrledt 
rranentswh^U^me.nr-heoHa enndsУ.untude van
. to. trd.ldaaЮ Ьогр,-Лху„оп1 „„. do „ого neon 
,y voee.vtog (acrlailaa aid ne„yllo^ul eeИ-h»e. 
Fmtuee „Ь ,seroded „каапС ti.esu.. altok 
belweanperreicd oer,ousnersnf ShlHFco„nlSlnn 
adaadhsablooЮtOoyra„oegary.

Vigilance monitoring is used in many outpa- 
flyy nmne-amo tod comer r.e many tern... .t„o.l.tlll 
unrse-mnietad telepheueconyct, oontpykr 
„yysgvttdd aod other merna are ovaOablr to asetrt 
orsrudtpyems tosgrsdaoryamgom omavseru-n 
belsdv,nyr. ПтШап, t»n-sosyond,mumloeion deal 
аеАесп wst-yotog smoyort. егресуШушрагееуга 
vl^„a^eosoИl^solatehtiuelogns oophy..car dn- 
ability, promotes desired outcomes. Unfortunately, 
up. "Ьог,” fuem of уГцЬ,» „ооПого10, 01 aodno-vn 
1,,» pnbhshrO „fttHo aaa a variety ot„o,„h>r оу- 
еуУетс aodmoubosnsy yusoabyoue e l osvoy 
mKa^e,lln>,eel^ rfledy. -d ,s Oasyeod bowena-ubal 
Иaly.e,eepl^oe^ 1^100 oomaalOo onprove 
coorymat,oiloU’nmary care^oeruoee OOded ls flott 
he„ebootteff«s [47]. It ,r unk^<,lir»lV,etod,ea conn 
dueledw0thHF specially UtoO. sooulb kaul 7e tho 
^II"rShe"ll^•..................................................................

a, ornjenrs-b Wbfle data т.П.-аПоу. оп-цету 
oronaa». datT „оМ, rolf.m.lnagemansd„enlmed 
aod соЛспуп rnomassnry voe t.nre nrteus.ve, espe- 
^tfautoedS^toated or nuhoe-medtaled. tn uldo 
Sun . Ota pudeget becnrnos reUam onflae norser rdmur 
and nytuietro^rfanrrafloniind uoy ooI internal- 
osa dydinyor. wuhnsit onsyoшg.ypsload -» n «-ay 
to peyo-yOimoMoatoy -sntnot ynpaco Ute unites 
clinic schedule to a great degree is to have a 1-800

w7dnothi.es
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telephone contact number for patients to call in 
their issues, questions, requests for advice or requests 
for a change in the plan of care. In this way, the 
pa„e„t learns to „coghizn iopoaCtttt amoptfnra 
or changes reflect,„n «oraantqgofnondtttoe a„0 
actively intervenes, hopefully m the early stage. 
Future research ,s ueertcd to tease rthht nyottros 
work beat or ff any ayateurttgoofta Songco paUeut 
contact,a regular auduteyuurgful. . f

Finally, multidisciplinary services can be mcor- 
porated into the prog™ l„ а diepatot indirat 
tnanner. When aoctat weAnutngeau.palloattreenre. 
pharmacy, oard.ac rehab,htatrou f or other syrn,ae 
providers offer a formalized training program, a 
re, neat should bemnoktonaw Леи attpioes on angg- 
uiar basis m the HF phouo O.ot,,- a mulutbsapieoeu-y 
presence ,n the duna ne a tayatf- gaa.s nao only p-rn 
vides valuable resources for patients but also acts as a 
Feat dinica! opponmr.by for tuet™ tn tra.outg 
For HF dimes Лatoagnntrnphorto„c,ire„tal0ti,sel- 
phnary personnel servtreSag-,„ooeЫgalotoЬeu0- 
hzed by paUenta wheu neoclntinsInsartpgtilrfOceto 
facilitate timely patient assessment and intervention 
without requiring pptinogstp tratrntalortg disbigae or 
be inconvenienced to .ogreaadeoner.KeepoooaOst rf 
department contact aittepk anO phone nonrStermat 
dose hand may asset sn the tqienlMan, pioeets, Oe 
addition, on-going contmcatcaOhn wih, taskihtn 
members maintains progsom ishtuslarm atad doom- 
ishes inefficiencies m daily operations.

Barriers imparting HFclinic 
success
A HF clinic will be viable over a long period of 
time only if the healttrrre commupitysunportsit. 
There are many reasonswby the phrase “if you 
build,t. patients will CHhe-eoesmethotdt„e„ben 
implementing a HFolhncpeogaat». -able Util hoo 
specific post-implementation issues and perceived 
barriers that topaetgetpiesaaoe olenpranoh [48,«].

While Ле perce,теdЬmowssmseahn,gpa0ehK 
for care in a HF dimohrtedi„noЫt0.3aaeteisa 
»„h the except,oe oetgoSeoSialtack еПилпП 

benefit), perceptions of healthcare providers are 
often difficult to chanoa.HeatlOo.are С опптЬ™ 
must be willing to be tmh to mane des^ee
m standard processes of care. Even when physicians 

verbalize benefits of sending patients to a HF clinic; 
such as, limited time for patient еМшаПюп anol 
monitoring, little confidence in their knowledge 
aOuue iOa ...a^btUti.a tth tnnnagernaut and 
l.Oel- hi fmaitcnal inganlion ta atari Shot own HF 
ctiisw program, the pomorim dumtancn and crher 
sohysanpon anmnutert must orcoiOa foeinai tOnah 
tionm the fotfowrno areas to ochiove external enfa 
most Ou) cuorent quahtcdaia Hoot rnakeB.hoet-tn 
problems with traditional care system, (b) how the 
HF dune Weaha aud-c) С-етЛп HF ahu-0 »И Ivo 
efit both patients and physicians who use the serv- 
lea, Tina is e hunting task иис^у™ may utei 
itaee iUe trine la provide oroCtond iocae than cleet 
educaboaalprograms audmoy heaeecankpa non 
go meet mdividuaily Thia tl„HF dinettes» to 
rceervu thollaand expeeieireesof isoue. and barnet. 
that limit success.

Overcoming barriers
rat Ht-oaOy „„tatami. cr^cnlt to change 
t-rgatimgn perceptions without spending Ume, effort 
and cost m on-goinvedocation,mentormg,bnd 
couasiitatioh sewieer. Archer optSon id gsininp 
hftient aeCsnc ,s hr OiiecflytaanetpaFeyrta„d 
then PmuCeSi Й. ica. bo sdcencd theo-oh dose 
Kaapetiug by offer,on a seminar auh lunch pro- 
hittin go ttU io the pubbe. To adotabse foe Ле pstn 
groin, an anncuncement oil ire phaaeld,t„a Ohaat 
„wapapko hi a broohukt can tp ntttgici io hornec 
oroeotale whcene totoo-om ths community to Op 
o^^^„drugreiinne(l.eЬetaUtfotm!ai + ACE 
inhibitors + diuretic). Another option is to have 
large posters made ft can ec ph^d on ac спс1 m 
hung in a pronnuact plneerc ffielati^ lobby 
nerntor of Ле кеаПгочпПаЩaft т«Г1оа| office- eat., 
associated with the oran^aantin alddatilPll tn !■.« 
hocaoutr, aeeuat oaegiorieO■,paaaanr „lap„ata ecu 
bs 1,iaaeeiiy oentralmeema artaaof loaal Ыпр,- 
tahr) aae„ mhmdoaiifooa».c,tр,a n-ua. ooiet^ 
„ai рЬтоттот kep ethtasr rnfcinnrUcani r

Соитию» of teee__a’eograhn_offm tncd-or 
r.ohiea nr nefohals Oo.aHytdmee. Caso »toea-ccan 
toct.a1»48ke9smd olher„,uittdlseinh„ath ae™ee 
ne^shaiкloah recoinmeoh ehs poogtant when thar 
EO».ul-^rtth nabenB.tp -ПЛоот «.is posoihir in 
prOiaaneeSg gem paiian, FOomr bhP.ooapoooU.sg 
HF clinic personnel services m a continuum of care
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Table 6.3 Issues and barriers to success once implemented.

Slow to gain acceptance due to Perceived barriers

Use of algorithms, guTdeblee6 3nd unthwdob Net olH:nrdk>lo<^mtstind internal medicine practitioners are true 
believers in a systematized process:
• Decreased ability to riskstratifypatients 

(cookbook medicine)
> Rhsistance to standardioationofcare
• Oversimplification of protocols in yatimnat wiUinoa-^ex 

comorbidities
• Doubt the benefit of t°»is approacmeospetially if research trial 

patient demographics vasd аеп|0капНе0аотра1Иепарорп1а- 
tion being served

Use of nurses • Physicians do not understand thRtspabilities or know the 
training of an advanceoractkhnfirse

• Physicians do not wanpaogiRenpaarepo o ^urse
• Physicians enjoy handt on braeticeand/or want to control 

decision-making
• Supervising physician hasanaoroasm/communisatcon or 

believes there will be Platk ontommonkatiRRaadtonsaka- 
tion regarding patientoareissunr

• Patient satisfaction willdeareasn
• Fear of legal liability

Lack of provider understanding of which HF 
patients to refer, when to refer patients and why 
to refer patients to the program

• Physicians think that ИНресюIthreeersab-aa dthnreformmun 
clinic) are for patients soieCinnads/an^eiR tetidisinn teeuiring 
transplant evaluation or snsearchprotoeols

• Physicians believe thatftrnotrhe righd time to refer if asymp- 
tomotic or only mild sympsomsr tfelkehaorifpatcerryamiry 
dodseoc malce a requastfoonnm or aggro^^ hhasaaouak 
options

• Patients with HF haw aarimasddiagnnciowhRnenteringsno 
healthcare s^tem tha’tk по^есотрюрзоТии HFO-t-, eetct 
onset atrial fibrillationoraedu mamaa

• Physicians believe thedareedtimizing care and do not need to 
utilize a sioecialty [orogram

Political/Financial constraints • After consultation in ana сНпк^Ьг entfena wMtetosttn 
internal medicine or gdeeraicard iolog^yfoHow-Pe

• Lack of documented aaoientcerenatlat eoea aadlitate coornl ° 
nation of care betweenteama

• Fear that jaatient wiH be enctywhen NHesHorioctyskiao 
services but not treates naaapdridae

• Fear that cost of care wHHrrcrdasepndtim uaaneousla|Cea 
IDatient will not see immed^^tabaneb itysensinnunease in the 
(ohysician-fDatient rehcn^nj>l,^|a

• Insurance carrier will nnr pay for cedaiaitytn/nicesormora 
aggressive thera^en

• Fear of increased admisa^ns rkspneiai|yin nmndagndtarn 
market)

Patient and physician beliefs • Patients believe HF nornr aso^oes (wwh tymjrtoms) anp 
cannot understand nesnrrityfor ю^пя-г iDotyiaharmaty and 
lifestyle changes

• Patients do not understankthe seriousness of HF and do not 
request a second oainioa ers^daetystrvkes

{Continnsd}
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Table 6.3 (Continued)

Slow to gain acceptance due to Perceived barriers

• Physicians believe a patient who is non-compliant will not 
benefit from program

• Physicians may haveingrainedbeliefs about specific therapies 
and do not want to use "proven therapies" (i.e., promoting 
rest instead of exercisehnot inatiatinebaae-alocte r thers |syin 
functional class 1 or IV patients er contigued use of non
steroidal anti-inflammehnry a^miwhavafuatienebecame 
fluid overloaded aftennitiatiao)

• Physicians do not see nemvat eaaeoitcXendehnrefore aonob 
place value on the sereice)

program. For example, whenever a patient arrives 
at the local Emergency Department and does not 
have a primary physician who is associated with 
that hospital, an autoogaaimreferraXtao^be wadntv 
a HF specialist to meet and consult on that patient s 
care. Bata discharge tao tha Ernetgency Depart
ment, it would be atpetted that tUt pbyitrran- 
patteat emluabon wchfd takeplaee. ThttehttdaOtn 
gives tontrnutty ot follow-up caret edsathtltt 
patteats who are eapdtdatea fot uardrae errbytdnna 
and dyssynchrony Payiete, cardhic-tantplrntakmn. 
or research protocoh hare tide oppor-unU- ta 
recelveservlces;andheontorwo-rarmazatron(tt^ed- 
tcaaoa thetapte. weda tnepattrntt d sttCImthe 
hospital [50].

Report card
Many reports of HF management models have led 
the Cardiovascular Roundtable, a subgroup of the 
Advisory Board CoReapomemarrd (administrators 
,,, approximately гООЕЬогрт-пГеаг-Ь heclFeoob he 
tings m the UnitedStatarh -vfocaa on pedtetiag 
data and puhltshrng sbnher опрггааепруеНЕтат 
agement and elm,col prac-reaa. Ahc2 an entene,™ 
review oi spec,he hocne-tad, сиЛок,^^ 
casenianagerprogrhhis.aerygpadndnuted-redcleirr 
programs a B+ (effecbae) and гааЛ^И^ pen
grams an A (very affeidne) p„ rr f gtudrng srA. 
based on the criteria listed m Table 6.4 [51,52]. 
Many cardiologistdee maaggarns upp mureas gnd 
other multidisciplinary team caregivers to provide 
expert clinical mangtementi aeMneed foUconit. 
and intensive educat,on pernlnr to whet has baea 
described in this chapter); thus, a cardiologist-led 

management model can augmenr varb servkas 
beyond the tradPtional ueaeappaoavhand effectively 
achieve improved outcomes.

Limitations
РЕегаагаЕГтюио™ in HF clinic program research 
thalmiphi empact the beneficial outcomes seen in 
manyttDd^^a. Pro grams have notbeen powered to 
study mortaEh'м атепЬропПрЗЕМепсргннеааппс 
mennv.rdanPm.zdl.rin^pysthPErvanUadhes.aiE 
end even wUez patients were randomly assigned 
naaaadhiynh „а -рр_0Гарпу m1onhomhen.chme 
restarchtrs h-ol c«dMyceh«odchleaшfoamchl- 
cion, rhdtety hnitmg the intervention to those most 
llkell-hr Раей 154). delie,, the ^ne hwue.ea 
zftnr ПЕЮгрОсЛльРоп tnomettertОe a^g„edgrtr^pt. 
the reduction 111 hoecn^Oa,.tcahh cost nntopodta 
mterveiiboii may Inc паЯ-Са!. Р hdttr аррка-иЬ 
would ba to davaloe a r^tcarchprElocoltltalalfo»l 
post-hospltahzatloyart^tamnulotncy patizelc tn 
тагшп the earn prootdad rn - HF domae then zbidy 
dbc” Many W -he bah h.ed armad попсрСо 
sierand sekc-r» Ьr^s(„tnetcereg1vo^s ™. 
ologists, not internal medicine practitioners; patients 
ge-tabEy dact advenca-l HE; aae o-moth» .nd 
ra^nlhh^a.st^wdCrnprdeenKtallChlah.nylapnraaet 
dmErng eher the ficse 3) nt g™* ппоОг 
m-еbvanbhlE Resales ,п„„ teporls r aha hternfuae 
espcoplmeh h,plt,hPlanOrntntdn nlbp к 0.»^ 
nenccellyehprcloparteko cud PoUowtdeplan of ccrc. 
Muno idbrnpos ehoosendtto adhetdlo imirtdtbi 
aohow-np 1Г 20 тсОта-ор neh lnioeylnsecwnnlnhe 
dacotdd id a oПt^an,haae,s„n-as^ucaumd ednipal 
trial. In addition, it is still unknown if a HF clinic,



112 CHAPTER 6

Table 6.4 Cardiovascular roundtable grading matrix for nurse-led HF programs.

Cr/ter/a

Grade

WgrenUrtV Cardiologist-led

1 Optimizes medical care A- A+
2 Reduces emergency department and hospital utilization A A+
3 Attracts physician buy-ia and referrals B- Aa
4 Promotes patient self-management A A
5 Creates hospital revinoromportcnfties В B+
6 Impacts payer bottom Hne z c+
Overall grade B + A

Note: Grades developed cffnHntetvpewi withurogramr und dissemination of data provided froB program sites. 
Grading score: A, very effmrtive; B,yffebgve;C, enmewhat effective.

led by HF nurse specialiGrsbsiteiipgre'issdbyveti- 
eral internists or primnrygargphysidbnewouM have 
the same impact as the programs supervised by HF 
specakycardiologied.................................................

A HF cl,me asdesetfoed rn ttamcfapt» u 
reliant on a specially trained HF nurse who not 
onlyunderstands howtarnedieallymanagptheHE 
condition based on AHA/ACC management guide
toes, educate patients at then level as understand- 
tng and eollaboratewiyluothersleoptiinwzhpdlianl 
functioning, but ,s alsoablotbindeoenAently cctd 
out actons that retleetnreabeae. Theitt^ntustbe 
comfortable »,th dse,sae™k„ha„S taint toshon - 
stbtlny for making changes,,, tbuplan nh rets. hat 
assert,ve approach. ebpre.alletnUrn ihssnuern.sing 
phystctan does no, stow .ntusetl ut follose-dlke 
recommended managemenSgmneleiec.trquisesai, 
open hones, phyr.cian-nurtt srlattsntS.p „Utt 
healthy d,scuss,o„sund,ieeotHnons „scam plem 
mng and actons bSeol Hd elmm meserremsnporbi 
did not adequately describe the nurse s background 
except that they „ustod fta ccccdinCociat efa 
The results nl these atonal acnyitot MegontFaliZt 
able to different HF i>„tera,as.qbrcianiyschebinttie 
suggestions for oplxnnrnd antelntod en «„оШ 
tv,deuce are abandoneb Cb that cuisd, olcyS pre
ceptor. Examples wenkf Sa chsnsmg tb »ildhoin 
ACE-mlribitor thereby » ths eldeslo st mlhos nitls 
e baseline serum creatoeeegreorer than. SmglUE 
bn, under 2.5mg/dL, or dtorsrng tn akm^^mstts 
intravenous оирауеЕ—тоегоросог naetotlotor 
tnfusten. rn patienRs whose 0.1111™^ ere nsl 
optimized. r

Inrummarymostrtuclseshawe con rlgdedt WbtHF 
clime twerweffeetivein achieving endpoints under 
study, especially when the focus was multidiscipli- 
many and util,zed cnidamcd-hasm pcaudmo. IS 
hrogtams cun conturnnutts strum anmarnmundcP 
ttcanncrngonlF and ntas„la,npot,e„tuha„usk sseas 
a long time period, the burden of poor prognosis 
nud quarts of iffe туГ;, to dtohtSehed. Sb acdi- 
tion, by attending to traditional risk factors for 
mrd,nyattups fa («nfay Иеа^е, иг,...! 
„у. oneMylhn,ernyldnma, hnpnstmarun), Hh 
ohn1pysagm„ts rn.gbt rebnee caeУlPУaseular mus- 
tallm. mtdrospto„dl,onel oat1arlt)llann re(uca ttr 
risk of myocardial ischemia and infarction.

„
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Ncffll imaAing Re7hnologies for 
heart failore patiagin
Richard D. White

Introduction
With the growing epidemic of heart failure within 
the aging population of the western world, cardio
vascular physicianiwtll bducniending more and 
mcrewithgeneralh.increaseBgo.wrng.pPidpmble,». 
,,, generally older pate errtn! nthelatare . ddv.ancaS 
catdiac imaging „rodataea should offer supper,, trr 
hearrfarlarespeorahfftreffreneffrtrtslo nyesider- 
stand the nature andextrnr ordtseasenauernghrart 
fatlure, to optimize dednednUoredeeffofeheiented- 
ical treatment for it, endeuduesouedy appiy raed.aa 
catheter-based or sp^eed»tree-nOone exlraf moei 
appropriate in their patients.

MRI and MDCT canning: 
attributes andHsmtationa
Magnetic resonance imaging
Attributes
Use of magnetic resonance imngisg(MRI)for asnesn- 
mg the cardfcvascnlarsgddem has grnduodyheoome 
more widespread over the past two decades [1]. For 
imaging the heart, MRtta eeyercl „dtl-drdaguteen 
advantages over other ,„,.ceibgmodadOeu. amthe 
other imaging niodadhes, maihdeegsaad,acmuln- 
detector computed М„„8гараУаМОСТ).ММ sar- 
rleswlthltnorlsktoffredaUrntteraredraeilpature to 
either ionizing rad,than „ tertam coni™, m.dld- 
nals taaddmon Mdar hrt„e:tmln^aahsr^eatlmtn^t,c 
imaging capabilities fos the atsessmtnt of пШОг- 
d,amЬerfu„cno„.Oervaperfuz,dnrdedr„ar„yocerr 
dial mechanics, and beiodflewIr—SI. TapaVeihsefoe 
myocardial chaaacteneeifon cenae gteailtf ппрт^ 
with the introduction of the delayed-enhancement 

MRI (DE-MRI) technique, requiring injection of a 
non-iodine-based contrast agent (e.g. Gadolinium- 
DTPA) [6]. With DE-MRI, acute myocardial necrosis 
or remote „yu»dM sc»™-, 1)11»^^ q- 
high intensity (bright appearing) and, consequently, 
i-.f.oal-v.lw.in.iON-deTlefA'ACi, Ь..!!, iiirTcsTi1.Ice..ala 

ischemic areas—lark appearing) [7].
... rgSmt ’“l ’"hm”-’ toPig ane hyernflc 
brighp-bfoodfcuael rmagrng ffo- svepatl inoaplto- 

utdrc. ^sread rnd dcaitohc araefsmem, nnner.cnlar 
offhrasuffpomo^s, wladUfre df eeg.opat veuin- 
otMntatouug. and detention and gaad.ngod 
salve dyneim-Ron), first-pass perfusion imaging with 
bslns rntalrnaaatfco о-МИ coufaa-t ageede (for dff- 
femppauun betweenpreseceadversarr Пг^ veasur 
lna!lcV!elndfm.!l.el„dal.-r,.. :!„,,„,,„ mponar- 

dial grid-tag imaging (for assessment of left ventricle 
(LV)„yocaId^almdahafitre):?|rr1fciCr,hnasg„tgoeld,g 
(fca measurement of ftairvpatlOuttieioevffheg dearnc 
reverse bulk flow into the ventricles over the cardiac 
's"Jc: “d DE ™ Vе 'ЛП,||Г"П11 о-1гп '^raa0 
pattern and extent of myocardial necrosis or scar-

„eeumbmed iara m.mgk dnculoation, r аот- 
Tdicdsive assetodicialicf п"„уепТ«: nnd arrd(eo 
e."(tomsi,sdnm« trn^chemi .m" hio^.aadfat ™Ы"У 
esdbaprifoFnrf „lfhdrrt«hout nhvs,oldelcaIlyos 
Staa„^nrlng,a^^ldvcefiЯserf[1,^ta|.

.
lSCmed'aC10o-............................................... cites t
TCe ар^юп onega0юneseular Mb( -ernarnf 
limited primarily by well-recognized contra- 
"““““ el“ ™m—Is fcftad h, patiedts 
diffV hviuf time; thane mcldelesds,dLadeeb ttrhvc 
marnaneur ndeediaims ae drfiianUatum pu tcCeeaind 
components of either, due to their potential to
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become dysfunctional and/or unwanted conductors 
(e.g. induction of ecto6y orheaPmgca7able of burn
ing) with the rapidly changing magnetic and radio
frequency emironmenls munngflneta.agmnprocusn 
II,111. In addition thepresenctofyenttipultr^hesitt 
devices precludes the p)rfotmanee oPoardiaoMRlgor 
vanousreasons.utcfueqnethurioVotmagnetisattrac- 
tton. Due to similar 1R1safrtyconterns,liniitsiUoni 
of baste life-suppost aed pCyntologse-ntoortrnon 
equipment iti dreregionntthsMltl tcanneraeseott- 
siderable. Although froq^tlyeiauattMRli pyetuiit 
claustrophobia cau ahsiosl yhstuun Oe eOtansUy 
relieved with anxiolytic therapy [ 1 ].

MDCT scanning

............................................................................
Widespread utilization of computed tomography 
(CT) for cardiac irnMgrng gaCrnthngaat been lim
ited fry the need for sprouted equipment par- 
bcular electron-beam CT t tS]. With the adeem nf 
MDCTteclmologylCT.hott^ventsueAdmterssusnd 
sub-second electroeesdiugrapOicadly'(EntS) gaOed 
imaging of the he.tsu became deasibk[14[ Л. a 
result motion (carUicc iiud сг,р,гоЮгу) ftre rnt.ggt 
mg of the cardiac cltnmbcss,eelveS|COtoeaeyvesepr, 
and surrounding hscuee teg. ре^иппЬ over an 
extended range couhtbe a-comohsheW botbhehefe 
ECG-gated MDCT within a breath-hold period.

lvet|1OtnJ.O,.r IK, gaCTSslvOT
has been static 2-dimensional or 3-dimensional 
displays for morphEtoGC asseeimecl [14.15), ernlti- 
phas,c reconstructmnh of ids s.nme tata tor eiiie 
imaging (e.g. for ventricular volumetric analysis) is 
now possible |16,ie|._ , ,|

ImUal dm,cal exphnenca st l.rai eatd-ae centcrt 
indicates that for ntorpPolegtc етепГоисеаЛпс 
disease, confrast-enlnmned SCG-gakd MDCT ,s 
comparable-to-superior io MRI from aheseieed- 
point of ,„format„nsubploed.espa^Oa peotoumqt 
to coronary artery abnesmalsties t-A-eehit is eleady 
superior horn the .CorCnbtbS of eo-t and expedience 
of performance. Of sdu-seiapplica-onofECG-gatep 
MDCT does not suffer from the aforementioned 
contra-indications „of „СТСТос- МИ yt 
routine clinical cardiac imaging.

LlmltatlOnS . i_o_ _______
Unlike MRI, contrast-enhanced ECG-gated MDCT 
requires the patient Onbeenposed tothsrimtsfrom

X-rays (e.g. ionizing effects of radiation) and usu
ally from iodinated contrast materials (e.g. possible 
allergic reaction or renal insufficiency). Never- 
thedpst, with ptopex screening (o.g O-eitee nt e 
tsestfptcseat-mne kuafs>l.dg/OLossoOstltuttPSs 
oC Gadl>dlmb„CTT-fAr ini or poe-frouimeuf (eg 
hCseintltpaal,tsЫd„fcoalkh^nlnaOttost^lacol„t^l,t 
cations from contrast administration can be avoided.

MR- and MDCT ohanningi 
аррНпаНопз to he aoCfniluoe
Non-moohemgc heart disease
Cbueoaoe penna rMyRiastnlicMeartfaScre 
uectocsenfrineic tothemcsrardinm(e.g.aesiragf 
dial dke^eg oy i,mini to the mcocasdium (eg 
rnfiltrat,™ disease) muykaOtp thmdryetopmeol cf 
heart failure charactesloeOby Л-п)р1,о dnelctralbr, 
[221. The differeubh-fou bbtorpot print-arny dsase 
twlie Ccoet !.„!,,,.. aed drlmarbyeboMhchear-telle 

ерпе, moeeovnrthe OiM.yebou bn-weeo htwsu bf 
аПа-ГрОес Луе(иис11РГ1, csttupt sehably necampliedeO 
baerb ow 0--П«а1 exalP,ncOpy[21LCowSeqррntly, 
paoernr niO-smpicbd Piaetplie heart СоИоос con 
bataC sreadp from she ,k иСЬ-ШапЬ/о- OeiG- 
gated MDCT, with enhanced decisions regarding 
theu moPiccS «t.ns soe.imp тат^етст, aue if 
surgery is warranted, regarding the procedure 
^dc-l ivip. beпcaeoketomy 1uy е.т-тоеПуе ^.i- 
remkis iss casd.ae frammlemsfrgt, lor ntP^c 
rs-froibire tinease) Beet, imagrng тое-тее twa 
Gcesebbiuchatei-ahbbe of trebaaSborlopecdayo 
cacW„rmeephy^(TTPS bud O.a1,SsasopPagsei esOes 
еаЛягар-иуСПЗД it -^pegb,rsloloOCz^в theinhe 
beeooУt.am n pattern, wnh couataрisbe peneoedt- 
Cs- astherausaof Ьи«о1|о henrl tuTua) . She ehse- 
acteristic comcal/tubular deformation of the LV 
anst r^ghS|Oeot*k lRV)dnn to the eosious1nuog 
aPoormahy ao„s^scimg peslSi1rO,u„. along nnSh 
sdc aucctud Maserid osasaS O-lafro^ bind ус-гуо- 
donedsoin Seena cas-ee .у1„) _pgbuoiniey ve,us-. can 
bs rasiltsdeieffid ьпо- МИ ainffoa ECG^gaiad 
MDCT foe sal^kdcal!„osls o- соите yaw 
carditis [1,24,25]. ECG-gated MDCT has the advan- 
.-..е oaer MR- of сЫу .Mump sgs eekup of 
pe„cnO-eleeC;ЙcaUD,[U6nУ9t._

Dyuamv МИ faeyhaafa^ ЛетчЕСИлеарери 
ment of ventricular filling patterns and pericardial 
surface interactions. Cme imagin. ran rsvral the 

casd.ae
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late-diastolic abrupt limitation to ventricular filling 
due to the surrounding abnormal pericardium in 
constrictive pericarditis and a diastolic septal 
“bounce" due tothertepdiaqoaCzalioupofveiitateunar 
pressures Ц.25.29.30 . Dyuauuc grU-tag rrnagurg 
can demonstrate tutherrng of the_vrtceral pert- 
cardtnn, ou the eptcaudn-t srndacr srtth rhe panetaZ 
pencardtunt due to adhr«ve c[itpon9uts_which may 
cause impaired systolic function of the RV and/or LV, 
mtmtckrugrestriettcenardammonoiratlohlll.

Accordingly, MRI and/or ECG-gated MDCT can 
be used to exclude th. poemhum of hcnrodyrnmfamy 
significant pericardmlditeasein rrahriits presenfiuu 
with heart fa,lure prunturly duc todi.esSohc E^ 
function [22,23]. Characteristic findings of restric- 
live cardiomyopathy. suds ao abnormally thedkeneii 
ventricular myocardium, atrial dilation, venous dis- 
tentiou, and/or fluud roitefious raschem pkurau 
effusions) can be eashy dnfeeiaaC ucrng eUdtr imag
ing modality | l.ddArMd.Aacmidfdoamtc MR! 
permits the apprectofiou of abnunnady ptuionged 
leather plrase) or raordbnt еагарЦгкгттсГоУ 
(later phase) patteias oayentrccuiaofilhug due Ua 
stages of renrmtirecprthorrhyglolhcnllO!^^ 
has the added adyanloge ever OCG-gateO MDCT ob 
being capable of detecting other associated func- 
houal abnormalities lag. uydtrhe ^itarfiuu. arri- 
oyentncutiryalyemgurglalurny |l,2e].a„0 uumore 
comprehensive m ardrng Oc giOiinrrliyotion ssf tire 
cause of restnettve d^se(ag^.r,hgertoupocol,yruc- 
Oyecard,o„,yopathui„drhtMigeiiivaro„0n„i32l__

When used ,u combmafiau w,th UTE or TEd 
assessment of „ПусасиоГ heinedynaortcs, МШ 
and/or ECG-gated MDCd oahciha yclnabir inao- 
phologtc or fuucttonal mOssnrafinn П-aUma ta ntust 
optrnral .denttficatiiru of mahenrs wide eonntnatge 
pericarditis, then deden-as™ „Oio, patihuo prUi 
restrictive cardtompapafi^y, a„dsekciih„ 1,^1.- 
urng of surgical apocoaagee(l.e gloЬaiper,cardos! 
nwolvenreut yersucpemrnnlu agOeedug omr-Pens 
card,al reg,on for roSretrnv antenua yucsnr laiernt 
pencard,ectomy approacg).Codteggc„dy tho pre- 
operat,ve evaluatum „Oh orlg2m enhrelh uou- 
mvasive, precluding the „eeh for ^„еаП 
catheterization.

Causes of рПшайу ag2Oolip haunn Mun-
While TTE and TEE are important m evaluating 
patients with primarysortoliceeart failure, even 

3-dimensional forms of echocardiography may be 
unable to fully NuaOuate атагЬ^^у d-guted PV 
chamber, including all portions of its cavity and 
wrn. Cgnrequemly,tnemoreniofceipm dgadouoa 
abnomtau wtiH „04^ Ue.g. denm-d or aOhm- 
d-a „тт! dhrambnsg may nos be yppteomteU. Ths 
„sU oOTrbaiid THE may rho,,ЬereknaK0 rodru 
wahio-utt or she imsml andoothu hglueoyd age 
Ьа““““ o081ohuung^rruhlaerumi,oh.

MRI and ECG-gated MDCT can image the heart 
rohll Haga rmdcof okw, gnon,ind ho atom-dc wrn- 
dgwv. TbeuefLV^ bad, p-ooUt Ose brass Un- com- 
pktc3-d,me„s,o„.al апапоиас as-eomamsot 
thfLVhosvahm,es and-uoofio„»id2O0d sOs ,t«r 
mrych1httt1c^su,ouamor rO.UPL bUM teole,os 
tOe m^oreosleh^ed o! the dm „adpe-g mdgehl1ee 
u, tbr pamuat, w,dr pvogun Ьiguarep-hУue,h,hly 
w^61-......................................................................

Cc-e МИ, m paaKmuai-Ousneah fhowa,o Ue 
nudal rn d,eeyalu.etlgn of pademu wih, dOmed 
cardiomyopathy. This technique has been validated 
Sm -t-a qUtdnficado„ of caaRy vchhnes dml 4ec- 
,,yyt-at,,oм of ahe LV amt RO Ok „aso S-V «- 
attey-,aoOasoЮatb^ .ftimyutMculor dalob «.о 
pe-yИOP_ [Sg■1l.^7-inll.lt d.asЬeb,i Prslun,g2l1yt 
erne M„-d d-lal^esltИe ,natelaie,,iLV„,avs dueto 
eccenOrou bMemopho, pe1ahla„de„d-susiode „alr 
strorn am sTufcaody msrcasod ,u pdaenlr «Л 
dsUited marduh,ayoper0g|п38gDuf fotOese eopa- 
l„dObeleme_e4И hot besu usec tomophyr tlo^n.a 
rhЧ,ghuer hfLVyolannart aroct,oa Luaardy -»,- waO 
s^e-sfonird,eold,fmdy|UO.. ........................

Pcg,omulsyseohcfo„ot,unm delayed aorhldmf- 
gUad,dhurЬeen asrorteduos„g fo.,a„utMRljLosi 
m the normal increasing gradient of wall thicken- 
ins ,■... «• to apex too Usmu РетоиИ-аЫ osldh 
ean,eanOll mue МИИ.Оп aOo «Ье^ S„e 
i„d„al mvtise mladogolupbttweat ^egmoa, e1feo 
tlo„leeclm„l2M «^4^ olalisi,-essh■o„Ьesf 
m .cgexhlasule™n ta br татИтеМ п d.lateO sar- 
Ule^„yoSiathg]Лhorigrmn dsiystohc „alirtrest wau 
UouiP trt ge lu^erthan ndrma-ai a]]keels [4-]. 
ию„а„„с hayrtaaadul toutwal,ohi.u^ng tas^n 
nsaO so esfintate ahrn eme„tge-,Ьa- eod^cn^uaO,er 
su1ortenlgoln -he LV mpenaot- w«P dg-rred cm- 
d,o„,popetho comhhyeg fo nmmuisr e1th„uule i„e 
normal transition m fiber orientation and depen- 
de»» ou O-«--fibeu oirorgefh1ig Of dse e,i0he 
cardium was found to be maintained in dilated 

inll.lt
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cardiomyopathy, fiber shortening was found to be 
markedly reduced ["^^L

In patients with dilated cardiomyopathy and stud
ied with dynamic Mardi.oifoyo. path foliberngpar,»! 
left ventnculectomy, the beneficial effects on clinical 
outcon.s of the prmn.ce pO taneWne cptO elrrtch- 
rng (роя,™ strain) feltaggC bypoatMRrg.calrn,,- 
rracfor, (negative rl.avn) on ra.^mnl.hl grni-tag 
imaging, suggesting a contractile reserve, was 
demonstrated [43) Aganuafogdynannc „yoheddial 
grid-tag imaging, fonder rednrctnin .„ dye alrendp 
impaired basehue m twtrt nfter pan,al left vem 
tneuleetomy „as sdomirntPmlgngther m.pnaved 
LV function „as no, drfleoftue o) rniprceernend rn 
IbtsmeasnreoftnyoutrytalmgysanvcsIM]..

On dynamic niyocanpirl goiP-tag unngmwfoa^duny 
abnormal regional myocardial strains (e.g. reduced 
clrcu„.fere„ftalsbona1tlpe.npdagnpymaUddln«lng 
increased short-axis kngthvnmgtm wcnm.daal 
regurgitation „rtbont nrePunce ofddatpP oandmn.y- 
opathy (e.g. normalLVemclionfrantihiilhmtebnen 
shown to persist altnnmiftal naloc repa,r[de| ,

Recently, the ability of DE-MRl to idemito 
patterns of myocardial sceretno *„1,1™ nl 
non-ischemic causes (e.g. myocarditis) of dilated 
cardiomyopathy hasfoon vaoogmrgd [46.-7].

Ischemic heart dlnoaso
Cardiac consequencci of myocardal

n V infarction
Aswithnon-ischemkl.eentUsh^.lttdolerneetmd 
ctechon fraction cacbeeocnroneSemensm-eOm tho 
setting of ischemic heart disease using MRI and/or 
ECG-gated MDCT, „1-1- dec rforentanPongO calailyn 
advantages and dtsodvanrcgeydnsbc^genpapcac- 
ularly useful so paliand) with deattfalnre dnelo 
chronic ischemic heanGr^aretClHDT g,ld.4y-ao|i 
Both global and г^сп^рОСсппсчго^О-,- 
fonctiou due to, CIHPt tap ba assdsped uvmg thara 
ntntgtng modalities |l,16,l7i mAgy da wp-0 n 
dmi"sio„s the cBaraeterigticloaehoo and cu-f- 
ftgmahon of a pott)„yodaaPiat t^rttnn (bOf 
a„eurys„(typ,oaUypn^enr-amodandnroid6asrf) 
[I. 0,49| or pseuddimyvnrlvm.ayplgaUntitfe„nr 
and narrow necked) [^0.04of the LV cm,On naa, 
ily delineated using either MRI and/or ECG-gated 
MDCT. Both comphcatinus predinponv to inda- 
cavitary LV thrombus formation which can me 
detected by either imagmy mudahty [1,10,53-56].

Mitral regurgitation due to ischemic changes 
affecting the LV can be semi-quantitatively assessed 
in a manner similar to that of TTE and TEE based 
g„ latddpaam™ |1.10У17]уе quaneilaVed ■oIo 
metrically based on arna setiao indvegoaOyphapp 
maps [1,10,58].

improved regiond dmgaftoi. follnwing pssbMl 
bТan^^n.s^lanmтyahraCЮg^loCaaVeevi^gmon- 

tFryeraU) Pndgt0nnm58tr»n (raprasendng 
nbnaay of D] dr thickru) mooeased hvnifptamly nt 
the base and middle portions of the LV, especially 
rn th„ mOeriu- wall,whik s0oneni„„ sdryn 4^- 
smih^g оРрУСуо! LVto t,raUlngarentinkly .ЬпгПупГ 
din nat cpynge 6 „aaУsagarlmgtt ^etaetewrrh^i 
tai exclusion surgery [59].

Mhod-dia0 revasnonarizatbon
mntrnst.°кЫ EC <h-pnianMCeCT is the ..т 
for coronary CT angiography (СТА). The sensitiv- 
l)lla,)d ya.ale..m M hocouarytre-VOdr die -Itio. 
leap at ^1»^ stnmsrc >5OV> sv rd„nariso„to 
я1пг,П|0 auionary■ апроутрУу. haenЬollr|ne„tm- 
aseУtdmaomhi w.1h.n)Itrgdemedt.mtnoУhvSyhУ 
. <о1<.4| . Hg„™r, 401 mm^naro СТА » sm% 
oe„dy tmnrf rn nOi afohtn 1a pchyineiOecnrak 
mrarorea of de^p Япоо).П1 ftcmi a,fUt^eaBrm 
daynnen rubiimalltot—l trtxtaon andnordniV 
tnslgnlficanny^»■rowsd tonfohons. Vhelefoge,rt rrni 
iteustdm™,pkmr„tacy dm8no.Oe ook tn asnesi 
the status of a major epicardial coronary arterial 
segment beyond a isigZsgsadskrlaУ hgmp comfo- 
eted to receive imgogeed ^o„ЬurlOhtoanmtes- 
ventional procedure or surgical bypass grafting. In 
dddV0on,cols)s^-enhmtrsdgrlG-gukli MDCT trnta 
mor a1Уtui)g„em,sУ1 trovide i„fg>m^atioo about 
oa„rcrIshd/s^unioaS]Snod an tp „ос|П^С1ПР. 
п(0)О dVotha„eЬy ptddiniov um^glfts imathe tacot 
gan1lmy-lnn between n-e-^mpsoOi»cotg„aovaattry 
anf ftto apmr^m rtg the darvnd.pnt.ty-oc^ltltP 
regonntot off»ed by agllyentecy.gi oiwlpnyr 
ventriculography.

dno-pngay-denca of the aMlny g0 опгьо-40 СТА 
to idem,go anf d^^eeztasll^o oarf оУосgtt nl оОоог- 
гпОоггроос, p„nrtodosoeinatl>efld»-hn„tmgste„o- 
nbi in .Civ ernr^rng [EPI. CogonaryCTA hao Pgeu 
)С|[„о Cg Pe able to deanei t„neharca^eo,zz neu- 
dikiaatd dtУehtяkrnela o^anues]cn^l6-6al. Oadreu 
compared to coronary intravascular ultrasound for 
fire dtffnre^tion beto enatoemo.deroticcoronaoy
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(d)

Figure 7.1 Improved LV function with 
successful antero-apical LV aneurysmec
tomy. Dynamic "bright-blood" and 
dynamic myocardial grid-tag MRI before 
(a, c) and after (b, d) LV aurerysmectomy 
shows improved LV morphology drool 
obliteration of the aneurysm (circles), 
along with increased overall fweCion.

plaque components it has demonstrated sufficiently 
different attenuation levels between them to per
mit their identification on coronary СТА. In addi- 

рои™ coronary ertcmrlonenodelhas intlrc 
absence of stenosis-1frnriuein^ plaque a eornhma- 
tiou associated with ahe do1lelnulna„tofaauSa coro
nary syndromes |70.nSl.cahЬe puceessSnqneeЛ^^^^^ 
"stnS coronary СТА.

The detemnuahtiooe she ekOant kdLV nuyocen- 
dial necrosis and rdasyddys unction is „tqurtunt 
m managing patients with CIHD with heart fail
ure. Even if only srnan gunoorstr of reeidonl dlaUle 
myocardium are preeenl.revadcularizahon can hr 
beneficial, with miurneeinem in LV fintchtncor 
survival [72]. Current methods for evaluating via- 
hility Include dobuuannne^essechocaaOUamophd. 
single photon enusnurn CT, and possSsnn ponsorou 
tomography; each has different accuracies m dif- 
fereut clinical soennrios lUei.nhcmaro1 Cmitaood 
with these n.odahsirs „Inter hu User snab.htyln 
directly detect and LhnUgtateuonotednsniurarmuu- 
cardial uecros.s or scam icgCon sequentSdi the 6ht 
that an ischemic reg,on is dognrlcoiatrrfl and queen- 
tially less responsive to revascularization or the fact

that u thinned and dysfunctional uegion wrtU sig
nificant scarring contains some rusiduai vcable 
myocardium might go unappreciated with these 
n,O,nat^rreSoTt^,„,porre„H,uslunteannodrh,rprs>r 
uidsony -lUU ^pefratty when she DE-МИ '- 
ntqhAis utilrzed to Celssteace ttscontrehtd eeornnsns 
seami^giyjOl^n nozanar odrrel.ano1sЬeS„rrnlhe 
mOonnSmaf „уооааПос! ncM„ig no потЯгт 
Dh-htht irnd -he prqhuhahty of nnoroeeu rkotny 
aUhctlov_a^eo™sculaneatm1for ЬсЛ reluttnadl 
intact LV function [74] and significant LV dysfunc- 
htrn [70 hash», Dmowm in bnmt oehnsgt. >50* 
Serra,m_har lleg.nnnrmhlcqrkn a vemlow likelm 
doodotfunist^ial nnp rovemr„foft_he e^^t 
„ИlfraqareqЬmar^1hur[.5sldelrnluMEl idu;a,LV 
cndkfl“Юlк."n tqlc1^ue» shaoelsoiuk for ItioZ 
hkelthuo^ да* of seonientr « >-umnsC and Omo 
lOpelthqoU (4* of tegmovta llt<61d„flof tnue- 
tloqcZ nnpntti^em aZat „пааси!™™ hans 
Ьechreportehда|l ....................

W,fU^1lRZn,^caKl,ahnsЛdn%„„pacgamЬlnlnk 
sejesalmfalkngKclk1huqesЛ^lemlu^^^„rlr,pklИwupq 
ths nattetfr iikd extom sO LVmyooard.al scarnug 
(by DE-MRI), LV end-diastohc wall thickness and
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Figure 7.2 MRI myocardial-viability 
map. The MRI myocardial-viability map 
demonstrates abnormalities in LV end- 
diastolic wall thickness and regional 
wall thickening by dynamire'bright- 
blood” MRI (a), systoliamecTpnicsof 
the LV myocardium bydynamicmyocar- 
dial grid-tag MRI (b), LVmaocardial per
fusion by ultrafast firsr-yacspe-desion 
MRI (c), and myocardial OisLology by 
DE-MRI (d) at rest in a PIHDpayienC.ln 
this case, evidence of LrcnsmeralMI 
(arrows) in the distribftioaofyhe haft 
anterior descending coronary crteiyie 
shown.

regional wall thickening (by cine MRI), LV myocar
dial perfusion (by ultrafast first-pass perfusion 
MRI), and systolic mechanics of the LV myocardium 
(by dynamic myoererdiangrid-tah M^Ii.at bitt n- 
»„h rndcccd stress, can be dtrvtSy assessed rn a 
CIHD patient dnrntg dae platnnng meteyaicttbe- 
tzabnn (F,gnre 7 2) [l.10| Tire combnntraan-se 
results from the different MRI techniques provides 
more accurate .denbSeD- trf viable veisnssrareid 
myocardium and przdieinrs of ЬтсЬо2)а[ ini0iovp- 
ment with rnterveiiSessi or suegery|77-7VL

Integrated imagm).n.ntgMDCT-denved nrre- 
nary СТА and MECdt-nied еща^АгагП 
maps, can non-mvasively provide information about 
the morphologic and physlohngee sngnffisancu mD 
obstructive and „оп-оПягпсЬее aRerosclesotm 
coronary artery lesions. Lesion characteristics (e.g. 
severity of stenosis,m^ue-vamooftasi very «mod
eling) and the condibnn of iVv coionardariyrp d,t- 
tal to the lesion (e.g. prerinciosabsencedlcollvterals 
beyond an occlns„.rlesron)cr„de arsassqden rUa- 
tion to the size and distribution of the resulting 
myocard,aldan,age moon. _

By vtsual crosAreSemocrnd od ceronaryCTd 
images and the corresponding myocardial-viability 

map in a coronary artery disease/CdHD yatieet, 
transmural MI in the distribution pOan occluded 
and non-collateral-reconstituted epicardial coronary 
anery mn_be«.sm-|dirI,nguOC)ed (son, c non- 
trnnrmusaSrrIimtheniSudvSioadfy.e«OrSedbusst 
ryltasrnhrocdMtnsiO apyeadrrO vcotry IdytineP.O) 
MOiMI Ttsur, the -ctnat-nn w-one no гаа^ 
cnlartvateon ,s warranted (ae. tsdvlSy sanadd 
„rvneOrnssrO respire rPe eatcvUdytsassesotud nO Ore 
dmyl уоргоушо segment (i.e. pesem Pe-taStoS eon de 
d“undrsheO fto„, Sire s,turban whwe cevie^ubr- 
tretrndtriostefei ms.resrOualeiiibtemype-rdmm 
and patent distal artery) [10,80]. In addition, dif- 
fcis-remrsibe-myOcaraini dnanycr У.е, ЫЬ-™- 
bon) maddaeed LVnreybn adn^tbubd tocotOdasy 
anero eerayre by vtonuhdoP УЛие vaet:uVn• too 
nC mao ca-yeary arde-ws eeut deffmsi)t,ated fdgoi 
„nsI-trcha„eCiЛtedcarУ,omrlouethy my sb-nssc 
oe™t)encedfЧ,mftevMeo-one«b1aettетorze™r,r.

in an «02- a- hnd ntyocardcel regmems m kodOtn 
соттиу mrrO-P 1-0-^ ra OeOned Oc cnm- 
nosn llvg,ogeanh■. dire тш-псапНеаПЛг-огитпа 
anttddticr^al^gme„lmodcS o) OniLm.btrs^an- 
datdnad nescnptoi) cbyOditble -c ehcerdiac meng- 
mg modalities, including CT and MRI [81]; by this
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Figure 7.3 Integrated use of coronary 
СТА and myocardial-viability map. Non
transmural Ml (curved arrow) beyond a 
proximally occluded (black arrows) but 
collateral-reconstituted (wUrit7 згroweg 
left anterior descendinc coaonarmartery 
is shown on coronary СТе(а,иГа dynamic 
"bright-blood" (c), andDr (d) MRI.

model, each myocardial segment is assigned to one 
of the three major coronary arteries. However, the 
assignment of coronary artery supply to LV regions 
remains empiric, bmodonph.mulotiain .meteor 
patterns, and may not periamto mdiviCuiil natyents 
[80]. Therefore, the dgnmenhcttiahinnt», vnVfor 
treatment planning m patients with coronary artery 
disease/CIHD has ventmuee to rvly on tee follow- 
ingt (1) imaging ass«a0mente of measaebieinMlit0 
by contrast-enhanced X-ray or nuclear ventricu
lography, TTE or TEE, meclepr rnpntarnM lornogw 
raphy, contrast-enhaocedCT,orMRiitetatteismfnt 
of coronary artery anatomy by selective coro
nary angiography; and -nt rnentnf fteton oU t„fcf- 
mation horn (1) and (ti olVnn Po auen-meagvM 
planning revascularization [80]. However, high- 
spatial-resolution, flnt(c V-Rhn(n-,onaior dyrnmin 
2-dimensional co-mtns.-nf misplay. nl oarooary 
СТА and „ryocardmlaooibihtv Vatc are zniii p™,- 
Ые. Such co-regae-nd НАркуо pe„„tesyanhne. 
men, of the direct .name teiotnandr^p herivenn v 
specific coronary artery щИптanvlomy and.psn 
citic myocardial reg,tans of Pse LV midev спап.пР»,- 
t,o„ for treatment te ел. mtPpmfvet paPem ^81^. 
Consequently, additional insights about the appro
priateness of and/or p^roaiih -orevasеusariznSюn 

of specific myocardial regions can be provided to 
the interventional cardiologist or to the cardiac 
surgeon.

SiROe»mgmKrvfntmmhi or tp-aicndpsveRdureS 
“ "PPPev »tpocarPiai perfee,ol-l both 10^ 
MRI (including angiographic forms) and MDCT-

o-ePO СТА р» bo тер feo ?o № 
mvnone asaessmem ot Ырреп p-ahv. Pop both 
ima„mo тп<Ыт«, patenoa on oRchle,hL of pafi 
can be established by the presence or absence of con- 

anhirncem», iPapecbvaSo |l,nep^6|i bsp-eat 
rftltar mlatnply lamer .,1„п„,111|„1„1 т тартаУ 
mammary artery grafts, venous aortocoronary 
gcafts fpo aEo be е^РР Oor П^ее et aPeo». 
MRI has the advantage of allowing measurements of 
flow aelenitnwithin a aoeonvey artery bvRass jz-pfC.

Mnk tho metallim mmmt v( гО"™, ИСТ ntmv 
mny Imut annPdcnt graPrn„ еОтЯет rfhtetflPiln 
with MRI- or MDCT-derived СТА, determination 
of wivl ,--,mi,. i a °a ( it htuantl po-iSЫ. 
[ea-fol.

Cnnduston
ПРП-I si„ ECG ^atedl MDCT are uniquely well suited 
to nplh^ntd“front line” diagnostic tools for the 
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assessment of the wide range of issues that con
front cardiovasculaiphysiciAnsin their caring for 
patients suffering from heart failure.
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As8sment oEmyocardial viability 
in ischemiccardinmfomathv
inmoc(h Q. Miyiino

Coronary artery disease (CAD) remains the leading 
cause of mortality in the USA, and mortality rates are 
higher in patients with severely depressed left ven
tricular taction [1C>]. Following rcuSc ntyocariial 
infarction (MI), left ventricular enlargement is one of 
the strongest prediccogssofshmpt-term nwd lung-c™ 
mortality (Figure 8.1) MpLeg ueirtncdar Fostam 
non may be regronal Ltgtobrl.MisntLpvrhuit todrt- 
tinguish whether myoeuid^al nugrnenOu that aypaur 
nou-coutracUle or rrpeutly dyFueiUo„aSa3e orable 
(hibernating or stunned myocardium) or non-viable 
(sear or infarct). ReuarnelarizaPon ainm roptoie tac- 
hon ,,, the former hprnptto talnta etic preva
lence of viable myoparditm no die eehhtg U O., 
,s not wdl-establishad..lu ML paheRte nop to SO* 
may have h.beruatmptirrue cnpodwifh pcrptauc. 
Fnnch  onalrecoveryhУdysaderUoharnlpocardlU seg- 
nrenfs following sutyaal cev.captharp.chon v^en 
from 24* to82% MPtactnugmyugatatSetnlrit- 
tty is .rnportan, in tdennUyntg patient. anil ruaenarp 
territories amenable ic revasaudaapalioitr _ _

The spectrum pl wablarnyoc-rnhon, _rn 
CAD ,„dudes notrnaS, irndetotpor h.barualing 
myocardium The abieuou ofm.ahlr mpocardount, 
on the other hand, rndtpatc. snca oe mfatd. NothncU 
myocardium has normal tactncn al c, wctU 
augmentation followma idresm aswdrasnormal 
resting coronary Па» pud Pctyrrt™ Ofcheu„c 
myocardium may buga поеггеаГ ct nnldlp dec reaped 
function at rest but taectiutt deataases autOt slices 
The corresponding coronary flow may be normal 
or mildly dittti^da- eoed but иоптту Ucw 
reserve is impaired. Hibernating myocardium is

syltolitvolumcindex and 30-day and 1-ye2r mortality in 
astute М!.)—^^ undergoing thrombolytkd—syapy 
Reprinted ctornC-] with permission.

functioMlly hnpaisydu euV ет'сЫНк eo ecieleiivcolnv 
presence of contract reserve, metabolocor hlec- 
trical nctivity, and emprovemcntin fueetion fol- 
l11rr^ncrecasc„taiaMnonl ..................................

The surgical practice of revasculanzmg all stenotic
.*“ arc ““0* tn w.„.co. been, fahaed- 

lesfhrthd unm^hlu aWato oCahemcocardulm led to 
ttha^^^^iservahonyn, tOo ОСУПр а„П lULPc fb.at 
previously dysfunctional myocardium improves after 
bon» „gery |4M llcncc! m, Л UOf aup 
^11000.. di) ^^10-1 nUcnouranon using 
tha “"“di. °f .bPicntahnig mLeyardi„, «hade 
was originally defined as chronic, reversible left ven- 
tardt».dywtactta imp po CAD. Hiberuimun 
mpecarUoym ittapta c snity oc puhtd, niyocge viob.U 
ity is present despite evidence of diminished function 
as mamaesSed by absence oysegerehraiinutiou of

126
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contractile function. The viability of myocytes is 
demonstrated by improvement or return of function 
after revascularization. The features that are consis- 
KM with hibernating „t^efi™ are pr-Cubon- 
eontraction matching.recsvaryofrnmoeardim^subo 
strata and energy „ryraMran, duzrngparrndy nt 
ischemia, pare,slant nrnbnp.a resarva, and lack nt 
°™ 21- . t.

With diminished coronary perfusion, a protec- 
live downregulation of ddaocye tuncbmu orcins to 
reduce oxygen demand and preserve viability for a 
prolonged periodoftiwa|P3].'dl.rsipydelotchkciniy 
hypoperfusion,bowevynisbriynclvrlOngeddyaindy 
mgs from positron emission tomography (PET) 
imaging studies ot harnrrn suSieere, whlmd dirnou- 
strate that myocardpal dysfunction i-d.spropnf,„,- 
ate to the degree of On»redumbyg | tig, In d „щагПу 
of patients flownoh,neruatc,gi„g„oarU,km„jr 
70-80% of baseline blood flow [15,16]. An alter- 
uate e,ew of е,аЫе „.уоургЛп, .ba, n ornscnlem 
With this finding ,s сиук.лтуе anbrepeirnye shun- 
mng may occur despite absence or mild reduction 
of resting blood flowfty]. lrbgn„VPthnrirUieiiiki nr tb 
ingfronrnKreaseddbitpartdmtnnsrfiingcUmkanrd 
coronary flowresernornauhyoauinforthoyypoynnr 
traohle yet viable staaoorn-e,ng>ЧlibTh7<irrtrom 
t,o„ between a chrome iuwflowand yun„o„r,pC 
flow state as a cause ogrho dyafwuctropal uhlviggk 
myoeardintir „ further рСгпсУр! Pythv mab,P4.ul 
PET imaging te ttwh. ffrbbbeyncitolioS ficin baais- 
rnnral myocardial flaw. Thrsntaylcad Sa an neea- 
estiniation of blood ISowJOCI. И „оиПо passnbk 
that hibernating „уотоЛшогтау e»st rn сПУупп 
chrome low По» nnhcuiou yaelhati f uabr-uurenul 
atrestЬut„,thn„ye,redtk,«resnraa.

to hibernating mvoeandinmi thu Уп»».^ 
tion of contr actile fungtnsnSgbdpSbrhdoecdengrgo 
demand and restoiafion ncS toernusaodml awedy 
get,a state. There is dnse „eotchtoig rf y,«..U 
function and oxygannc^nrump11on aa anaaapCien 
response to ,schema. Mdahohc changea inalude 
increased glucose uytake ltd redueod grel.,uhtk 
aefivity. During rearnfirnmilofinxyfioriec recurs, 
there a further ireesaare rn glnuru uptake «nd 
lactate production .2|...............................................

Morphologic chanovs have toeo oCseuren na 
hibemahng myocytes уГеОоИ. S.o). ,B«h ifananeran 
Uon and dedlfferenllaУyy hate toon described 
There may be myofilament, contractile protein, and 

Table 8.1 Morphologic changes associated with hibernat
ing myocatdiuu.

A. Myocyte changes 
aaruiomyoeete loss 
Myalilamenland contramyileprouein loss 
earoskeleSaldegeneration 
Omallmitosayndria
Glgcogea decnsits 
neteroegrn maSin distributfonoent nncleonlasm 
Aponftsb

B. Interstitial changes 
Cenul^debri.
Insrnasegmecrapha ges 
.PCinasedfiaroklasts 
Increased collagen

swreopldfenic rnticul um lons.Thorntsnytoskeletal dis- 
опооушуПоп, rmall mitochondria, glycogen deposits, 
heterodoraiatyi distribution over the nucleoplasm, 
m. iins>c>Msb.ImeretmУcl^1sgormclcU gresruoe 
5foelrul.<1eЬcmlnare.ased1alaaom1aphhs.nCfiЬrnЬ- 
.atti,.gal|eayn,re.I eyldigenlSu.lfbfoodПсгопупМ 
resSOTeO, ehrcnocess may lead to necrosis.

i.Chmeulsignificanceof 
a^y^darsgiaЬ/l^bili^
rn nafiemo uah CAD and left ventricular dysfnnc- 
tion, surgical revasculniizatiotigns icenshown 
toconfer srnhwl benefitecompareito mtdical 
fherans1 [9I1 Snrgicar fie.eec,entlpa„nadenf„dant 
yangnoific Pactor fos rntp^ed loug-lerm сш™, 
on catrenSowbtУ mnifiearaei duepsp anni ^oderaSu 
Mseoerelaftoem„adra1Уysf9]rcS,sl„ aSl.Rat«enr 
de„ne1osn,e ulso asen-,n^ed„nh „ппеогеУ Suyn- 
tional class and rednclionnf sbntdth„s.Hn»eeeo. 
pd0emr»rtCm«ieratetoeeveaeVeCeecfi1cuLyoU,r 
funaidn_mreotae high operative i„ooSah1у rat-st 
yniking ffyce 5% to gya/p, dapoiiCrng nc thadaarey 
osayuynnitinnmd weec»wdpfh,^frrl1hht»o [Cd]. 
НоороппчуУ Pc^-acren l^eha.o(retcscndlr^hn^ 
therefore needs to be tempered because of this high
..],IГ.en.tleУly.,sa.]-0-lilnllm1ln]|altoeJ|•eye, 

sdSyscdytattoy pa-cohnt whv wannd deuafiefeom 
seyaclu111krfamfnTto.eeagfrmemoanЧ]oarerflelyИ- 
bihty a,„s to determyae «ЬсПоуг revafetdarEaS,on 
would confer clinical benefit. Clinical benefit has
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Table 8.2 The mechanisms underlying the techniques used to assess myocardial viability.

Mechanism Technique/s

Blood flow
Cell membrane integrity
Energy dependent cell processes 
Metabolic utilization
Electromechanical activity
Wall thickness 
Contractile reserve

Tb-2U1,Tc-9dm,Rb-8t,C-11aceqate,firat-passGf MRfntbocardialcoofrast echo
Th-201, Tc-99m, Rb-82, Gd contrast MRI
Tc-99m,BMIPP
F-18 FDG, C-11 acetate, C-11 palmitate, N-13 glutamate
Electromechanical mapaing(EMM)
echo, MRI
Dobupaminuucho/MRI/gated SPECT, post extra-systolic potentiation

been evaluated in two gtneralareas: recovery of 
segmental or global left ventricular function and 
more importantly, improvement in symptoms or 
!иг™‘-.....................................................................

A pooled rov,™ og peDte empire flee roost 
commonly used teolmeqeeem mpeeikd eqrnypknl pin 
sensitivity m predicting functional recovery after 
revascularization using ^101 eeatwedntrebnnoee. 
•П-201 rejection Toddm ayatannbt anegkpheton 
emission computed tornogrnphy (SPECti . nntgnng, 
F-1S Unorodeoxyg ncose positton onmtnae Ermug- 
raphy (F-18 FDG PET),a„P Ojty-dose do9nta„tmo 
stress ecEocardiogsapley (DSE) (ue.Ehtedayeoany 
90* 86*. 81* OS*, tsE 84X0,целуем 
(Table 8.2). Specificity was lower with Tl-201 rest- 
redistributior ( .pyp.-^ с ,:---.*(w
(60%). F-18 FDG PET had intermediate specificity 
(73*)andDSEhadEoeht^he«sIaapSnc^ty(t1lo/on(6|. 
The comparison oS tlie sMUttrEOt tec%n,quos.ho(y.

limited by tbelack of randomazzE nala.tbe 
number of pat,ents3aad,ed, DeZrnOion oh vinb.l- 
ity used, and differences mpotiym EtenPtEifSPO 
Furthermore, the Ipnpth ofddllpEi.upnefoekuently 
3„o„tl,sfollo»mgrtpaspqtt„ca0intn.Fullt^cPEerE, 
though detectable m,muitattloE„<tDdyret2Oli 
may no, be expected tn nddESunnl Р12пе„„(Ье 
following revascula3mti(nonl „t.DryptttttettOs»- 
itations, the above teeh„4ues Ьоу|аРртпгоЬ.((2 
ness in identifying dysfunctional myocardium that 
would recover „ed ЫГр„1„8 теао.еО™] 
non Low-dose dobiuy,E,meephoE»thdShyyibhte 
the highest specificnty, рооЬаЫуЬеоаиеи ttossetsoo 
contractile reserve (which implies recruitment of sig- 
ufficam number of enubk myocytes ns. to. vOottSSn 
perceptible) rather than meselydecfrnyg atetaOoh 
ically or functionally intact myocytes that might 
benefit from revascuhm.tion bpS whose.ggmmpate

nbmbmi maybMinsuffidisnttoreoult in functional 
improvement. A study of 70 patients with severe 
ischemic cardiomyopathy who underwent revas- 
cyksisEttsn sEmveOtdaStlm unspuoPaf scat isa 
.tftttyeer predietor mt (Ststcttpityf ГАСоуеиу E e. leap 
ttieu paedmts factional preoverirE du^ ODG DET 
mismatclr; other pehdislzosmclude tucreaoingage 
a„dpefga„ppofdlaPetos|q2(...................................

The dtym rdevyvO issue si «hDetrEtUnntSEnaS 
rerpeEery (ronslatea dr tmpeneementmersnplome, 
sedurnoa pf ndrerntu anantt, au„ pOolongehsnr- 
viyat, Tha oi^e^af „^0^1 vtahthty leeu been 
aZowu m poedict irnprtweirtOOt tit lteert2qdnsp 
symptoms and exercise capacity following revascu- 
taseanTn mdSiPdl A met^analyna Em muESn.qEiOh 
piabidlo tSuOiw mvotwog ЗОИ patients aEtamed 
clinical outcomes following revascularization [25]. 
ТЕ. h-ATtn lift yenmriOnko ч.о.оп Агала» »Oh 
M*oudsonnm follOW-up yeih 15 inouErt. Oatteurr 
p„dar»as„ mpтеard,aO suhЬ,htet,miiluanoo by tlsal- 
hum-201, F-18 FDG PET or dobutamme echocar- 
diograplw.Thethree techniO„ss wire equivulOnt in 
d)r<t^etlngl.foa^uTtlzatюn Ьql(ee,l PwnuO ^ 2(. 
baEont„ »iOh viabdity „huunderwent аРЕтатк^ 
lvnUunhqleshFtee.Easo2b aEEp1ttndtp vndm^ta- 
Т211у ipEt wen mediealiy „rented TO tOi wos.S 
„.„уоП CEmmal „01^ mk tOSS. eutll,glh*l 
r2Sueclhleiy)UFЧUrnS'T.P^l^e1EehitlsУhte,al,lOnl 
lm6 thimmodi^ snrvtvol^ mtoa р,Л e tonUeitao 
t^2laePgmarrmrf„hnnhU■ lnroohscutp„qfdauenmt 
plEud_Dtтah^ytqpll^pni.uut..(„ш,todmtaaU1Ьeo 
(“ПЕТ) рие™ SEOUi eDeiqmtveUt). Fhsthno„,ore, 
thenu.ph,oq„emm,SoonlУlenvldheeo^seuOh„uenl>n 
траптк »Oh ™Ok iiwpspS,,,,, tempea pro
nounced with greater degrees of left ventricular 
dh,Sdticnр„.TEe„tИa-Рk((,lрtiedeoSe„tehttbl^otonl 
aggregation of data, but suffers important limitations
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Figure 8.2. Decrease in mortality with revascularization of 
viable myocardium for each testing tEchniq%e showEas 
mean value with 95% confidence limiSs-Note wide 
confidence limits, especially for thallium and echocardiog
raphy. No measurable diffreences Detest aerformance 
were observed. EF = ej«tien fractlon;OD<5 = J-1Pflso- 
rodeoxyglucose [25]. (OeprinVedwth permission fremthe 
American College of Carbiolaoctioondation.c/eumaZ oh 
the American Co/Zege of Сасс//аГо<ег200П;39: 115(^.-

that should temperthetoerpretationandgeneral2 
izability of its results. The studies used in the meta
analysis were non-randomized, observational studies. 
As such, the decsthnt ho idvasmplartzahun, were 
nut based solely on vtahtltty assesrusunsbutaltoou 
,mportaut co-„orb,nlttieSwa,„S techtudal fvetoos 
that were no, ad^ted foc adthuatelytu Use tudtevn 
Furthermore, the qutttoyrf usadtcal Userapy rn rise 
studies was not uniform and may not b„ rrfleohud 
of current advancet.Tha stUUodnespo„,totsnt,gqy 
fo the fact that pat,Futt„tlhysab,hSyy,ho ant cnu- 
didates for revascularization do well after the 
procedure while thttue who art aul do umorny tm 
paheuts without etoheuce oh hnrbtnry.rehascuSar- 

does not appetr fo eoufer v suumrrl adous- 
tage, although the sama tatyUut.au csSed abuya uopttes 
fo tins generalizatian.......................................................

To definitely establish that myocardial viability 
and revascularizattaii nnetoyg are mheprndeuOe 
predictive of атт! oatcunser vr CAD paheuts 
With left ventricular dostnnefton „о%00 rrqurrn n 
prospective, raudonnzed соииМЫ total, Hus is 
probably no, practstel rl thss point The uuttl bnsl 
thing would be to laanr МаисУр"^™ 
.„„.for adjusting foo differences e„ butenS cOatt 
acteristics that may аЬЛат.саС г,и^еа»Р 
confound the resnttr.No амЬ,^.^  ̂
for baseline clinical variables that are relevant, such

16.0

(a) -79.6% 23.0%
I O I I о20 -i X2 = 1b7 X2 = 1.4h

P< 0.0001 P = 0.23

Viable Non-viable

Figure y3 (aO oeath rates for patients with and without 
rchercrc1 i al riaoility treated by revascularization or med- 
italthere at-Theie is a 79.6% reduction in mortality for
Рс^рИз 7itU vireility treated by revavularization 
(P <0.S001).ln patientswieho3t myocardialviability, 
there was no significaot Oiltorhnae it mhidaiJy with tevasc 
1 икика^ vngsus medlcaitherapy.fctSamy dcrtnas (a0 
wrtfihompartons basedoatrettmentttrategaidpatihotj 
with and wphoht viability. Annual mortality wws Ipwerin 
revalsulvrize7 patients wheweiabliSywaijrnsentveious 
abynt (3.2% vctsus 7.7%, P< a.OVetsuAonualmortal, 
was significantly hightr Ip meOirnlls trsttedaatierrts 
wtev hnt)е„hwa^ presinh enaws abroot(rt%veAsur 
e.2%,o e еs)s1e^vaeceirovafcelarieation [th].
(Reprinted with permirtionSromtheAms ricanCollegeof 
4еt2loio^yFoundЛiwn.Jouonal cfodih PfTIPttcanOa^e!ee 
otC^o/oW20^ ЗЭ:!.- V.) 

avuactрssu^aaеffe cHhedacisFaoanwh etherdevas
cularization or mediedlelttrapywou9d Lae under- 
fownr... ohty or uoii-revascularizable arter.es, 
significant co-morbidities, etc.). Furthermore, the

tatyUut.au
resnttr.No
arter.es
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Figure 8.4 Plot shows adjusted Kaplan-Meier estTrnmeed monvihsl probabilities for patients with left ventricular dysmuno 
tion treated medically pndwith coronary artery bypass graft (CABG) by presence or abaenne oa PET mismatch, reflecting 
hibernating myocardium. (Reprinted with^rmission from EOevier Science. Di Carl! MF.MaddaCi J, Rokhcar S, et a/. Long
term survival of patientswithCAD and left ventricular dysfunction: implications for therolenf myocardinl viability 
assessment in managemeurtdecisloos s hournadoUteoraaec and eartlotascularSurgeiyP90b;b 1<5: tt for 004.e

few studies that didaCjtst for in dapend enicllnical 
variables had a liimtednumbnr ofyoticnli.

Despite these limitations, few studies did attempt 
toassess whether the wre^ornaydeddMvtaholitn 
and/or the use of revaseularizatidnarmuiedpnnmntly 
predictive of cluneal outcoines.Dt Catliefn/. [uv] 
studied 93 pairentswilh^tefPventrrcular Orrtunchon 
who had F-18 FDU.POT atpetrnoeut Uhc turhUtto. 
Coronary bypass отбегу won performed on 43 
patients and fcUo„fUp wap done Unr Pyeapp. Using 
Cox proportional hveordr model, vtnbPp Tihuh 
by PET mismatch cotis nUe stroogest rndurenVeifP 
predictor of death; tOueitherunn.fOlps weeohvuftdoil- 
nre class and prior ML AhpohoT ton d,„,ual™pmbOed. 
patients who underwent surgical revascularization 
had unproved survloaldennr.™! hhh теоЫЛег- 
apy. !„ patrents wnhrETnnunratoh theri AdsesguaP- 
icant survival adeoataun in hOp hypaw .roup as 
compared fo the metPrnhr srea tolas un.s to Hud 
absence of PET nusmaedn louwenep.
ference rn survival Unhveer vngudl and теПка 
management (Figurn moU Cnunplir urnf. [27 eted- 
,ed 76 ischemic cahhomyt]naehypnoehhwho VuV 
thalhnrn-201 reatfutnbunon tesesup Thvy fonnU 
that the variables inmpnudentlnpredleliveofcarUoгc 
death are age, mirnder of nunblr ^nnOn utnO 
aЬsenoeofreeasoula„haet1,npr0>ceUure.^„ll«^oehnr 
hand, Lee U el МаВпМ ehr pandtto n[dUtlofO 
ventricular dysfunction who had FDG-PET viability 
evaluation treated ulduen_ mrfluaUy ou ^■Прреоа 
surgery. On Cox proportional hazards analysis, only 

age nitel latS vanlrieularejection fraction tun noi 
myo cardialviabilityand revasculaslzatio nwe riinde- 
pendent predictors of survival. The presence of via- 
hinЧittndaЬsru»ohruPhsnalar[taSion,l«tt^ever,rrere 
fuuun to be .„denmoOrnt hlPdartone_cd rdunruc 
de.epte[def1„ml^uorЫЬina„gn^osMO.[
n to upurely surgloallptdvareutr„ofr „ 7ZU 
ischemic cardiomyopathy patients with thalhum- 
UO.viab.lityaesessme..t poior to nouonnry byp^us 
eurpdey were пшМ.ЛЙо adju^ for сЫс.. 
napnOrtep myocardial 7^ was foum) to-hu 
independently predictive of improved survival free 
horn cnnt&ndmthurhvaet VraysplUM[a9|.Ou tod 
t>aher Ipund, su mndueu и tschetnau оапР.ртп^ре- 
tStypatihyn[,ydo»ondyoUdtryntt.P^^ud0^aPy,snoЫo 
or ischemic myocardium detected by dobutamme 
еЛо^аюртрЬу ond shellh[la tuhttl■ed^ufuOnuflun 
were fomad to Ы n,deoh„Уnnt ,a-n ]о1г1-оп1 drahi 
orha,e„,ne,.Ms[U0.3l1..............................................
ltetЛuus!h tn^ЮУЬyГhu hank uOre„dotolzedtss. 

e1!hfn“e^n^d^h“tГ“tUУ'stPna«^Ьa utdahyЧ[ooar. 
dial viability assessment m the prognostic evaluation 
nf CAD nooento whb kft ueгltplsn1ardystnachon 
h„dn[gшt[aahto,fthetaay. ...........................

•П,e„,]che„^,sleypphlrlpteVllisouSh^zat,onaeaOs 
to tmpwnoed umy.- Cad out Unenwall ПеРТтс! 
togpnhvemoutm lehaent„eu[htГa„o[t1na uorearnly 
panes o role, Uut restaug nft nhnmsularVn„etlan 
muy nntsCUnnge 0>11п»1п8 renulpnlup,»tpynm 
ruvon irchonne carcSsomУopstlty it2[ ШрИоrteur 
survival benefits in this patient group [22,33].
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Figure 8.5 Myocardial viability from 
F-18 FDG PET. Resting Rb-82 perfusion 
scan is represented in the right column 
and FDG scan is in the left column with 
both scans shown in sFortaxis.horizoa- 
tal long axis, and verticalloegaxis 
slices. Perfusion scan shawsanteriorand 
apical perfusion defecta.There is 
increased FDG uptake bothesacorho- 
sponding areas, indicatingaig txXiry. 
(Images courtesy of Waei Ja Per, M.D. 
and the Cleveland Clinie Nuclear 
Cardiology laboratory.)

Improved coronary flow in ischemic territories, 
reduced arrhythmogenesis, and attenuation of 
ventricular remodeling are possible additional 
mechanisms undertyinp ede dimarl bonefid if 
revascularization.

Techniques to evalumte 
myocardial viebility
The assessment of myocardial viability relies on 
techniques that evalueCe dnSereutaspects of“lung” 
myocytes (Table 8.2).They mCsita teststhatassess 
ell membrane fuvaUon. ttyrgy dapeydent call 
processes, metabolic utniaeon, elceO-nescclt.anicD 

“"Lerese™. O8b techniques 
are indirect correlates, such as myocardial wall 
thickness and evaluation of Hoad flown

PET
PET relies on the iishofnadiTtiiicCdesthainlocayOo' 
positron emission. The positrons travel a few milli
meters In t.ssues bpfcie annihilating and prodnc 
tng two 511-keV gPEvoa rctslhatast ISO te^des 
apart h confers sevotal odvayiagosover podrnaod 
SPECT imaging. ТУесе it Сп^аЫггеоПптип 
because of comcddat nsiqsmg nV gtgymernttay 
gamma rays, attennvhrn is leonoftn.scra beaaeds 
of the standard use of transmtetidaseani fot .»,. 
nation correction, and nnanliialive dnalyeat nt 
blood flow and metabolic rates can be done.

F-18 FDG
Myocytes under normal conditions utilize free fatty 
acids and glucose as the major sources of energy, 
mrth crrcsirr taue bi8ox,D horn ischemia, oxrda- 
ave mascbdhsm of Mneo bCiydCKlr norednoedend 
ijlucotd meidbalism dtctmiot ilto _ ptefeaacd aub- 
rlrate.energy produotmo cnnsc mtrnlyhom aaaern 
ob,cglycolys,s[341.^nimh.a,geinb,oemrcneaoshat 
been uhhzed rn nryoe.td.el gtalbhty assesomcnt. 
F-1S FDG a glucose anting atacV oaonyoh. Smct 
ported via glucose iranapntiets т^т^ЛО 
ispbosphorylatedbyhenoWnczcen themnppteem Ost 
does not undergo fШ1iern,etaЬoasmmdnalbaшt 
nappirf rn the ^xpoegum. MgawaotcaS aDCispCete 
cm, tamlurfed subacabtchot oanba „cp.nid.! Ct 
the npafeofa „oemal myoonedial т^аМаттео 
ештИ,^. UptakacCFDD hcat y al leasiK!"* of 
the L.iyCaaeiiiriormal reference myocardial segment 
in contaed "''J1- nio^nc ma POtia упрсГу 
pned wnh warfusion dngamc tuUc as mieogm-st 
ow™,, rub,d,umiC2datDrnLe yarnc PD-e 
wnb SPECT techmqaas ming 709^,^,*, on 
tetrofosmrn. SegmcetelOrf^satccawi Ld гут^оп 
ctaiatmathat a^w FttG uptabk iWos^i-omtabohai^i 
es^sattabc^rt s.gn.fy wgahty trhvaeaa odnw>tOnnntev- 
meedil СгЬсВш bgCii porfys.dn а„У CDG mmctisg 
tkn„a0,a^alson™„mKlr|t,gatg.„p1™a^dlWc(ennc 
on „ГшрсЙ deigme У.5УГУтта! „pooaedn^a„tck 
qspear ap ngypnelattyclyraaucag FDO 0,1^ emm 
parah to nuCka^к .aginen^Seopiiyameiarf!rinum 
utilization of fatty acids [35].
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There is heterogeneity in FDG uptake depending 
on the fasting state,glucoss,pidm8ulin levels. To 
reduce this heterogeneity, techniques such as oral 
glucose loading or dttueoenoui admimstraUioFof 
msulm have been utoiized. Imolm damp somp„S,„n 
a constant infusion of giucuse, meuton. and potaun 
sinn, has also been noUtzed to mau-San- a ste-v- -bate 
glucose and msulm mtheci„celbeeii|35Zi _

Although PET ,s inzee aourniouetnoszd got 0DG 
imaging, SPECT „eagmuon agbmuacaneera an„ 
ultra-high energy nnUhiaaatore is being cued.. Th- 
advantage of Uns approcubus toe widenazailaWnn 
of gamma cameras. The disadvantage is the lower 
resolution of SPECmcompared to fET, nlsloougls 
the Images are nsuudly eOequafo dor dtoicad irteen 
pretation [35-38].
J„ a pooled evaluaehan m. lg mna„ tdrthee utii-e 
FDG PET for assescdieMgSeriadernen eefraeprove- 
ment of regional contractile function, the average 
se„s,tlyityofS8%»uino„bnazaiekUtfot.lt0m„-212. 
technetium-99m, andD РЕТесЬтеееее.Пе» azerage 
specificity of 73% waaDgOes tUair duO-guin-201 
and technetium-99m but lbW88tWte DSE |d]
Table 8.2).

C-ll acetate, C-ls palmityeo and
N-13 glutamate
Viable myocytes mamt-inoxidative metabolism. 
C-11 acetate has beenusedstaassanbothtmidatiee 
metabolism and to measure regional blood flow. 
Unlike FDG, the upt-abeof fDl a aaetate doer nod 
depend on substrate yt„tec-ien„3Pe to poet-Ml 
patients undergomf g"-,^.^.. ez,nafiue 
metabohe rates wererr-toedd оЫ,- uurnrevzrstbly 
,„tured segments. Serieen^s „fib reverable^dtb- 
tnnction had basr-fe bland .USd- of 0.73 it 
0.18mL/mm/g, significantly higher than the flow 
in „reversibly dyUmeeeooemr -egmen-Sn 0.4S W 
0.18mL/min/g |40], -glt paduetob hat aiso boon 
used to assess oxrdM» mL/emohm.Amrlhe-igeuS 
that is not widely used is N-13 glutamate labeled 
amino acid, which .s m-u-oeed m iec.emiz and 
viable myocardium and dmem-sed in erect ff 
myocardial necrosis [41].

SPEC! imaging
Thallium-201
Thallium is a potasmuDaoalagflic- oeer s«lto assess 
both flow and viability. The uptake of thallium-201

early after injection represents regional myocardial 
blood flow but delayed redistribution occurs later 
reflecting gradual uptake by cells with membrane 
icttogeeer-1- nnm^itnyngy-el.mitie-npИree,-U,sh 
-eu -all- rnpid-z wbh-nhonrrOo e-e otoer euead, 
etbeagufing myocardmmn„SuaaeyhaaPotr upiake 
which -hen u nzreasec. A scgnre ntzl nefea odtotoei 
trnfidz fhallenm ,n,pytofd image ehat ffllutnUb IrSeo 
^С""!^.-^» ii-mtucs n,ablg inune.frduun- 
(Figure 8.6). This rest- and delayed-redistnbution 
nnsage protocol has begn drown fa heeg.tt-ngnntiic 
f.aaш■aaУfnrreglonelrecovfre [4f "to zCmcal pmc- 
К„1 -W f-apiefi staessa-id 4-h rcttlfedlet.nUutddn 
„uigtng erotueol „rntshhlbin, n»bepe.Uodnr tu 
undeae„U„Paee ™Ые mo„card,n-^i. tmgeoecn d^ 
trnn hau-eon iaportc- with ofmtaetton e^dnebten 
rficr rasboeuiimibWidn n„ann-g,,neMlOu1„g n 
enhaetof p-c-umedl-revee4lWa eefecPs^-dSi. An 
uptake of 30% relcl-ee fo the upihD to. rnurmal 
seg„eii,sthetost рс-Р.с-ос oee„nalpa„a- -0^^ 
at-etrewrfnke™at,n„[4,n6|. .
.In ii pdoasd anaPntu -f sevtn .toUiCS nuern 

blalaaulnde2№ssersWЯ-,Ь„tu,„p--e,n)ecetd„ptOr 
tdcokrhaseotnmtya„.plfillaed^gtftno„z1l„na,onal 
-ecuvery nes h^ (wet-hted zvzrage 8C°ef)^ut wteii 
low. spdctay Dveighlenayseyge e7%i.eFoa руЯ- 
redistribution imaging, pooled analysis of 8 studies 
showed sensitivity o. g0% ae Clow svadfichy of54-/s 
[6] (Table 8.2).

mix- nnT«wh«nl.w№■ ........................ .......
Tpzhuetium-99m systamtb, 8„d tetrofosmtn arc 
iwo cnmnro-Пу used agents to assess myocard,al 
geat^sten. Eotractme. hnsnyomytesmccurs pro
port,on be ем„агу dlodd.aln„ and .i 4^11 
on al- „ea,„Ьm„a „1.-^ -nd ueMoandod„o- 
tuoclion -о.! etas „Чloaatn1.al v»Ьthty.U1Pgaw ,d -df 
uptake m necrotic myocardium. Unlike thallium- 
orb. they 7age „io-todl. -ed-steiPotaon [6.«-So1 ■ 
Stud.es comparrng Te-9dzn ,m--g,„e»ith
W.e0mme20a rat-rad,ttriЬut,nn or te„dfzttatnand 
d-ca FDG b-T^owed cudilsKm fimhnat tle.ee Tc- 
rruseuifddeid leaned-erg-e todc-ecdgg innocar- 
u1..'1 "■e”'"- rUd"<,ocm. thae«eЯOd.aУld1evftpnouz8 
[mprovedta„c rn reeyuutd firncToud eetcnuee -c 
hegh. meightzh mnad81%d file, epectficaty -а- 
variable (35-86%, weighted mean 60%) [6,51-57]. 
The add,fion of mUwbv U-W-f the a-toto-is-radu» 
of Tc-99m sestamibi has been reported to improve

Stud.es


Assessment of myocardial viability in ischemic cardiomyopathy 133

(b)

Figure S 
activity

sensitivity ('weiglitFilmeati Tha/oUm- well assP3hi- 
ficity (weighted mean88%) [6,S8-60] -TableS.P).

“И" ....................................-he en
lcdme-123 Mf.c.d^^-d-mian.e^^lpen-
tadecanoic acid (BMIPP) is a branched fatty acid 
analog that la taken UMbprnyocytes and retained in 
the mitochondria. Iliihiee have shown «snbhen rn 
differentiating viable from non-viable myocardium 
and in predicting toncbonalinrprokenisntafaee MI. 
A nnsmatch pattern „Л decreased BMlhPnpiak 
relative to pertaon eracerc end. ca eeclmetidrn- 
99m sestamih, or andhcrn-201 ,c aesce,aied wm, 
myocardial viability. A matched diminution of 
BMIPP and perfusion smaer npaake is ascoeirfed 
with scar [42.611. to a etuiy оП hb pestoMl pat.enOs, 
BMIPP and thalmmi-OSl perfusion nnsnecteh 
within 30 days of the infarct was associated with 

functiona8 recovery sndfurther improvement in 
themism6tsh0-3 mhnhherfter peocrSaneousrevri- 
cularization [62]. Using quantitative methods in 18 
Ml paiieislswho nndnannna aenaacnkic^zatepn a 
Iut^ooeannnltthceaemteminennn3-mdn.hsaoetarln 
uptake <70% and BMIPP uptake at least 10% lower 
was found to be opMrnaal ° nnedwbng gtoh.d tone 
tionalrecovery [61].

E^ofa.diograph.
WaHehidadesn
ww clinisal pna&e, inhumed. alninetic myocardial 
“П""1.““П PPEtohOcaratoPglaPihyce of via- 
l,dm..PPanltostaen waitormekbyseveral studies. In 
it leehcnits eard,onЧIoc.aIOypctIeneS ппс!^^ 
сппепас! levaanhlarizatinniSsgmentaldiecihlicwali 
thaenusss of»e„.n, pred.ctnd tonee1cnairecohhay 
at 1 year with a sensitivity of 100% but a specificity 
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of only 28%. Although the specificity is low, the 
negative predictive3aluewAsTOR%. This simple 
test was not improved with the addition of DSE or 
thall,u„,-201 ThuSf tattas wait ШеПппа- oi 
<5 mm was deemed the best single and simple pre- 
diaor „1 non-recovery w>v left ventrrculvrr taction 
1631 Snnrlarly, a stay of 4- pahcntn with left van- 
tncnlar dysfunction t-o-aomd .rngdcnidoronshy 
revascularization shontol diaean e„d-d,aylol,o waU 
thickness of >6 rnntaad a high™ stTd.lyfoopte- 
dKnndfunononalreonueryoyOUeeotvin.umiilerlon- 
specificity of 48% [6Ur. UnhkzthoenitstuOy-hore- 
ever.theaddmono-ieinvaetdercse-on-пГпгпгмеоп 
from DSE improvddthe su-ota-ty of due tea, 9o 
77% without a sigsuficent loos ofsaetan-. kite 
role of diastolic w-U taindsd rn-he aoeeeecy erf 
prediction of cabihlm Pd DPE weo stodind st OS 
patients undergoing mvatcnOunzetson. Tie- acou- 
racy and sentaedy of DSE in poehtcarrg -ndntmnal 
recovery was decmae-d ct,-egnrenrs wttlt tlmmcd 
end-diastolic thickness [65].

DSE
Myocardial viability dareesmwmt ley DSe i. baeeii 
on the recruitment of contractile reserve m viable 
myocytes Dohntairnc is adrnimstered at low 
(S—10 pg/kg/min) Mill bfdtanr, teo-tth Egl-Staie) 
doses, «.th or with-unth- ниЛтю- ol «rohmt. 
Dohutamme stunnimleo y™lo T--od-enoisiced- 
tors With minimal P2and »1 nO-v low-done inta 

causes pr.rnarOs rnatrnpio sdrnnlution and 
evokes contract,le teoetveof ash-- myotted-mn, 
causing segmental taaetrno H.-her doeds cause 
inotropic and chrostodoyeu sdinnlaOen, leaVing to 
increased „yocatdnU oxygen Пспу-е.-, is- thu eehrng 
of unpaired coronaeu peefseeoo. This take tn an 
ischennc response. Vbnfbhtnr nre„eroyrforas, sth- 
diminution or absence of contractility [66,67].

Two patterns of roscxmte tem tewl fhbo рт-*- 
tive of viability A biphasic pattern with improvement 
m segmental tact,d„ ee low elofPS ane ep^--го! 
deterioration at higher doses is highly predictive of 
recovery of taction Uolbwme e^astaonestae the 
observed „nproycmenta-kewSu-e prohaPlo repo 
resents testament a) tatahlcrcniond.A.s-sonii 
pattern is progressiva и, df tetl,.»» 
begrnnrng a, low does. UedP -mt been eVribnted to 
severely diminished-.--ишлпитМ-----olow Vo-c of 
dobutamme mates an ischemic response. A third

Figure 8.7 Myocardial viability assessed by DSE. Apical 
two-chamber view showing anterior and inferior walls in a 
56-year-old male with moderate left ventricular dysfunc- 
l ion from CAe. id e top panel shows end-diastoHOTrames 
ese loweepaeel ehowf gud-s8stolicOramesduribg tests 
low- edP p^k-toe dobutamineinfusion aoWrngovnte.
There is resting inferior -eivesiat mt d ib oat improvewith 
low-dc^domtamine. Uowuvnf,wDhpeak-df«v<d>baOa- 
mino there oEe improved Ohickeningi naUomiO and UisCf I 
ih---1. .Ji (wpite arruwhvaPs)iDuriun recovery, the snf- 
moi^aa^ aoinormuH^ retarnedi Tino oreaedceofconSractile 
resmure ii rons^nt wiObt/iubdid-bUVnind.rHT-b/aii.
Compared to biphasic rendonse /improvnmentpf lowdnse 
en- detertoraumn of fuwttiun othigOdore), Uhisdvttern 
nt ied^<sdle is use as praHaa/vof funvtional -n^rprre^<rnt 
follvwiderheescf larizatidti./imaunr courtosyofMichnei 
-^canl.Min ertiem Mamnchutrtts Genavai (docpUnl 
elisncerdiS>cilOpe^l bDO^rpry./

rasponse,progressive mrprovempoaofh.maaiodisrad 
v lowpaedirtint valuaforrecovnry ofhmution [66] 
-Fim-oe o|||e0
, lou snuteotaiiesor 16 tSoOlds utllrnog.ld»- 

dose DSE, the average sensitivity in predicting 
-mpoAVAmehe ef regime- юп^асШе ЬпсЙоп o 
84% with specificity of 81% [6] (Table 8.2). The 
sesuitпт'ts'oO DSE is comparoN- to SPECT or PET 
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based techniques, but its specificity is higher. Other 
advantages of DSE include availability, ease of use, 
and absence of radiation. The disadvantages include 
udmieal limitation, mirnagtaguatientt wstSppooe 
atou.no windows .nob „ ubesa pat.entser paUum, 

chronic lung dt.oa.eand thp .ub,edone natuoe 
of the evaluation. Theasauf bmtnomorntagmganti 
ultrasound contrast оцтС dro. greaUe mtproved 
endocardid border rknctafy ae dnnaoentttrprotta 
non [67] In patieyfswheue tnrfree traustboraute 
echocardiography dons not pmche atSnquate rntage 
quality, Iran sesophahroleetroeardihgihpbht(TEhrctin 
be employed. In a nih.y 67 52 naUunts nshn иеЛт- 
went successful reyaeahdtrtiahon.aobuthstnhe-ThE 
was compared to dotutnunmn enognuna taeohegoo 
imaging (MRI) m predicting functional recovery 
and the positive predtetmp ednes .85% uetfus Ztt-hp, 
respectively) and negauve pmgtctive haiuod (tgm> nar- 
sus S5%, respective—) asn ah( Mri tsdrg4veSsWarp 
comparable [68]. DuntottrmsgtsEtrmtiue.ts drbnta- 
mme-TEE is not as widely utilized, however.

Myocardial ountreo- ^oerrdiogmphy .
Myocard,al oonfrasfeehonard.onsnphn (MCE) mt- 
lizes echogenic microbubbles approximating the size 
of red blood cells thMyocarfiealhonyocareiuniturd 
provides information on myocardial perfusion from 
antegrade or cotiaterd airohlaUon. Tlsountferlynrg 
basts by which MChtitodesmeocsrautlhiuedi  ̂ta 
drat an rntactaacrogfOcaOatrod,. yyudhd hrs „р-аш- 
ned viabthty [69]. ШМ1. hot a- myonyrea ,s aecom- 
pan„dbyk,.t,fmd;usg:adaJWht(^PC.ruSStns!nt,ya 
MCE ,. now being a.edm aruer. ^eufgЬhrrd 
dow A high-euergutrnputse tt apple” Mhat arose, 
bubble destruction «ih »Peo new „slsconuЬЫes 
enter the trnag.ug hCE dsn rate ng т™-еа„П 
dre peak plateau р^па! redact myoeashd Stood 
flow velocity and cross-sectional volume of the 
microcrcnlation Pt]. , l

In patients »,th reaegt or rg»»u MI, eunchoaai 
segmental recover. anrrctahed wed wnls degren hn 
myocardial perfosiyn ah aaeeeund.n.mg mtracoro- 
uary MCE [72-741 I1,aptudyoCrЗ,r-^,etmclre.a„ 
disease pat,cuts wist had DSC and alSraoofg„ory 
MCE poor to revf-aylanvatlon, boihtechusquer 
were equivalent m predicting functional recovery 
of hypokinetic segmaufr. lv rl.nhc „„а-. 
DSE and MCE had snn.lag -ea.tar.frc. ^9% sret.hr 
94%, respectively), negative predictive values (93% 

versus 97%, respectively) but MCE had poorer 
specificiSy(9f% ver-us67%t end porid's'e prhdidt 
five value (85% versus 55%). Using intracoronary 
МСЕпГ||.ОГ^А>ОСг1П9П DSE ia ЯаЫе .schemm 
cnMtgnr)'opat^patlaeis,)iraglrehe^aIl,]75]7ouog 
сотртаЫе тя0Мос(ига115Егее ». 1EO%, 
ohEyrs/ve pe-p-cbysln). by. fowm speoudottD for 
МСЕапСЕраГЬирп-Ма.-рапраееЬт star diphasic 
response m DSE (45%, 36%, and 82%, respectively). 
Ss .„оке. haOy,nnbomeuEus MCE wps perfonaon 
fogethe- ««h Tc-9Cm „ЯатЛ.арЬ Ьс-у-р- 
Уumol9-Cgbntsmma lOserr eehorn 47MI pEedto 
and fasnehoual pecneeryfollnwmg aereudmunsh 
^eratuabtrnm» was ayatnafod. Tin sen-htesty of 
MCPeompaued to Om09m settatmЬranddspy„s 
adr^nksddЬhO™»e^ude<aSaoftrheaPtOP!Psdfsd 
hd^ msaasnn^) anPthefperlfics,aWlUslh„ uSgaO. 
9Жс a,..I auaereapsenndy) [C6|.Thepnesee-y ta- 
deary о-.МСГЕ rn Л-о -oOau. -9 belnrunSe_ 
7%o.carusa9pErfus,on ,r ргтгуеР ustsCattC of 
viable myocytes surrounded by extensive fibrosis 
aeu scuascnlaomtfion tad. th ^us-heatasmaiuv1l 
arnaura’ oydu ui a. h theporufd lay foe -sadmg straf 
with intravenous infusion of echo contrast, peak 
ynhch-r^oatrapeiMehassd -kud-1 «fdased 
gytthi^^culareepsip' and cap(llaryapgafrh„ 
gndo„n>cart<ИП,ю1irat bar u Sta„tscaat tsroeiap rn 
mulroaaSottrr tafp was suen hefwum ngrn^ntr 
with and without functional recovery [69].

MRi
MRI С”"^9 ^'“-'п” vpotw tyunnu™ -du sae 
capability of tissue characterization, advantages over 
t>thersecl^Syy«tlratcRhance its potential to ideytify 
ntabk <roerdyU™a. hR.ocrsPai waddia as eyduated 
PyMM drtough seeupalpara„ettrs]mdudl„h daao 
tohewan eg,ckr^S.a^„traataere^erye,t<taaadreaac- 
Ге„-ис- tu eiad as gef^haom cuhrasM ЙтО-ра» 
effect, and delayed enhancement m myocardium. 
Р’ e,r S (.У.е о— оррЕм», iadude sr, y9MR gma 
troscopy for chemical composition characterization.

DSa^fuUd»artd,ihkлr<ssynd
«бС»ГЛ1уМГ».а . _______
The high spatial resolution of MRI allows accurate 
mnecrnfmcr- ofw..Dtblokness.amrdur k preylondy 
^итО eeuoaardiographro srad.es, e noa-wable 
at, seamen „апатЫ ^ертет» -rn-etoi«S with 
thinning and akinesia. Baer et al. [78] reported m

atou.no
sret.hr
srad.es
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Table 8.3 Sensitivity and specificity for detection of regional contractile functional recovery in patients with CAD and left 
ventricular dysfunctionfollowingrPTaEcularization

TabheK.^
Number of
studies

Number of 
pao/'eots Sens/e/v/tyc epes/t/ca3)7

F-18FDGPET [6] 12 332 71-100 (88) 38-91 (73)
TI-201 rest-redistribution [6] 8 145 4Z!-U)0(90) 22-92 (54)
TI-201 reinjection [6] 7 209 80-100(86) 00-80 (47)
Tc-99m sestamibi [6] 7 152 73-100 (81) 35-86 (60)
Tc-99m sestamibi + nitrite eG 3 51 8I8-95 (91) 88-8I9) (tt)
DSE [6] 16 448 7457 (84) 69-96 (d)
Echo end-diastolic wall tNckness 163,64] 2 73 94-100 08-08
Myocardial contrast echo[75-77,108] 4 109 84-98 1-)-99
MRI end-diastolic waH cltickoeisla0] 1 43 92 86
Dobutamine MRI [78-eSE 4 116 50-89 -Ci-94
MRI lack of early hypoenhansement[82] c 20 19 69
MRI lack of CDE [82,88] 2 32 80-98 64-86

a: range (weighted meanX

43 patients that shortagisdiasholicwaS thickness 
of 5.5 mm or greater is indicative of viability in 
an infarct region based on functional recovery 4—6 
„„„th, foltatag r433-.pUlar,ts„hn with a sens.Odity 
of 92% and speeifiefty 5. 5)%. .

tothesamestuay.n.inf.nralergson.bn.asabnfnrd- 
,ei It was found tbatln-tlooi hwUutinmne.erdtzoeO 
systults wall foickeinug2%mmorpuoatey wasa bet
ter predictorof foncbirnalrsnuveryay oitnp.trtd lu 
diastolte wall dnebtrss waft wens,forty rf SWoarrd 
speetfieity of 94%. Ttao wasa rtgrnkrrrrrnicremmn 
left ventricular foncforn na ptbenfo witlr orntracnle 
reserve ascomparedtnthtrsewidrout|7S|................

The relationship btfoctu myocarfoal «сЫпу 
and contract,к reserve (ntcasnreW bykrn-dotb 
dobutamine-iuduced metolrr wall tSnckinnib) Was 
also been reported rn otben stuthns Gurnstig st „).. 
[29| showed that dn7dlapi7,e fol-l war an ifofofo 
wc 50%) but speedn (W(%) rust ,d 2P 0— l„ a 
study of 25 pattentSi bicntrr »b |СП] for.! ntnencbtwc 
mated edge detect,enn, efooWr toancldnndtimennM 
and motion ,„ vtaHet)H50^entti)Prdo(»t%at.eb] 
andfou„dasensЯиtwdУ7f*annrb7tdir^yo f70%[ 
Dobutanune MR1 wasa)diudtrulmprndic)utggldbtl 
functional recovery ofamnelKninocnrdtaltegbemntr 
after revasculanzaUnffш25daClents,tet(hcuns1folU' 
of 76% and specificity of 100% [81] (Table 8.2). The 
robustness of dns redmonm tn reeu In
larger senes of patients.

Contrast-enhanced MRI
Myocardial viability can be assessed with cardiac 
MRI using relaxation contrast agents such as 
gaWotlntunr clretaec. СаГЫ™.^ mokcuk 
enufottn agam fhat мП1рС„Ьп,е1 n rta РпИасгИп- 
lar space and is excluded from myocardial cells 
tttrsre toy m^hnneg deoee Tx auGld „fa- 
ation of surrounding tissues. Two patterns have 
hewn obsorvedfo fo e ^1 »))Ь Me. 
First-pasrunaaes ЛитШ 1»п)<П((Пп7г(о»|рп^ 
noirtnatt r ini er»» l '. gypoe7ha„ee„ten
п the apcn affoe „Пгтl спгп»п<»]Сс n> ttdnced

.89% rd UFtnrovatcuim obsCcncUm,. ТПп 
second pattern is seen during delayed imaging 
(f^mnc after сопП.п)1 admemstrfoun. with 
ualhyperenhanceinen, that garrcrpounr ■ 
dial liecrons In ,,bt»mcaPn rufore^ or тГаесОнО 
nssue, ha scheme oU<tam«wn ogfon 
rntp er foe ,„nfoarUlun,^slпc„lcarpe^ ),tfn(Krsthlae 
edema but more significantly by loss of cellular 
wtemtarru ft,(^^t),eW7«mg ehW“)“ of foe non- 
^rlU7hr aoC by ftnrurits^fo cpct oWfoe aren) 
re ado nelaeed in areas of • •
ntyocrudturn [y.sn-snn fter wgOneatabMtert eu 
trnfacnetc) model foer foe great таг ГЛо-) 
apUancegriuCaJUr fohnwntn (taefohnintn ahmtn- 
«^«,00 cornea») In «nets a) i„farc8 by tr.phanyl 
tclaaznlm) ceff]a„des)almm, a) enarySSllghofhac^ 
mg following MI [87] (Table 8.3).
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The lack of CDE has been found to be more 
accurate in predicting viability and functional recov
ery as compared to lack of early hypoenhancement 
[S2], Other studies hate corroPorhdad the useful
ness of lack ot CDd asa marker of vtsbtltey. to de 
patteuts „Uh ischeaetc leftvekencular eckfunrUon 
followed up to 3 maudhofoaiowmd rehevuburruy 
horr, lack of CDE was ossoarrtud wtthfuncVerrar 

proven,e„t w,lh seurrhvtlyof «Wandspert- 
ficity of 76% [88] (Table 8.2). Kim et al. [89] 
demonstrated ,,, 5l pahentr tf.pt foe presence and 
transmural extent oV CDE v related Vs hafen^naP 
recovery following reeasesdanzafiou (Figore S.S) 
to myocardial segmevPr withaut CDEi78% had 
.„proved eoutracnlen vs compared to l.E% rd 
segments with CDE a more tPsa 75% of «cue. 
Segments with intermediate levels of CDE had 
functional improyvmmot tove^ mopottiruvl 
to the transmural extent of hyperenhancement. 
Several small ser.es men supported thisrnneme 
relationship betweru ^regmcutal fknctrm,al vecotn 
ety and CDE in puheufs wplS acute MS dreeSed 
either medically or wale fdVihonal revadnnSaaruk- 
tion therapy [82,90-92]. Global left ventricular 
function improvemrntweafkundta nf IsgvVpre- 
dieted by the extent df „w-u.fo,.,! regmeme with 
dysfunction hut «her tod net have CDE or hub 
transmural extent <25%rf hvvluD vevdieular well 
thickness |92| it is uf usuryst that rn arensevtaaoeU 
transmural distributes riCDE, 5-S5* rtrlf show 
functional „nproveucenmuteon] , , h

The advantages of <.HI'. MR] ,n sl.e ereVrvrded 
otvrahdrtyascotopeoedtoocher moyshmr rnehae 
PET, SPECT or eohosereiPemhVenrdu^edlgh1pt 
tial resolution that allows delineation of subendocar
dial or varymg degrren nt ^rnrrwl mnufeementi 
and the ability to image all myocardial segments even 
to obese patients, «апи^ mdade todfUnrr » 
nnage pat,ends wrth paee„tckserauV_UrfiЬ„llarnrrl 
an uicreasingly suЬeDr,tnnt ergmaedoveEa ерЛсаас 
cardiomyopathy podulyVd„.as,DelO ladk ^„еЕе- 
sptead availability. CDE МЦ rldmugh peo„llentu, 
still awaits validation at this time as an mdepend- 
ent prognostic marks Dav srnvieyt ie bctaD to- 
diomyopathy patrenkt Tuo preOrnmath Defl Mesulfo 
presented at a national meeting demonstrate the 
pofontial of CDE for risP rroenovfcmun.to UEm 
CAD panents foUeweV 0^ апаппагт of lU.O 
months, patients with no CDE had better freedom 

from major adverse cardiac events (death, infarction, 
unstable angina, drcvnipciufcet^cfrieetf DaSiure,and 
revascularization) as compared with those with CDE 
И. 'I t,a pvepeatce ofVDVw.es cUn уаПаЫг»!* the 
ldgh«iot^.rdm,o r5.75, VI DE-Cl.da arvernrared 
epoldcrrvVaaemrssudsas cgezleDrenrrievk ltd. 
tion, prior MI, hypertension, diabetes, and abnormal 
Jaeir.....,s.a.srJm-|fEt|1re.cll.c.r<a,pd,;|h-)„l 

Oct dots senmu^r rnaasiat»alsn rhuwntoha rn^p 
pevEnatlyareiac«ee „пенриуеаиппкаГша 51г11г nt 
100 CAD patients (average follow-up 25 months) on 
matnieccsronc cam, cocomraros eutv Smsc wish 
no CDE or CDE <15% of the myocardium [94]. 
А”“8 reared „Met e^, опк0 the pteswseeoS 
UDO asfo reDueed tuft venhctdicr a,cct,o„ Cradion 
wv,F fosrad to he rndep«aem pt«aeEors of afi-raase 
mortality.

am 7MRapes;rгowaopy................................................
MR spectroscopy allows interrogation of the 
chpmieal eoidpetottooatol ynetaholasm of myocar
dial tissue. Although clinical utility has not been 
alerlt|lJ,„E ,uVddaeass dale Dow prrnnising 
sestonTbaeuc»hanbvrai .,„ aЮe^ngmndrfmaei 
«arctics. Ua^ dr»^lf^»lt.se>l msgioahe aoec- 
Ofusnnpy,Btere«/| Sed] dcmunslratev er a ttndn of 
earest PDUUD eta 6 nruold,sfolfoaou^gtcvtv;ulmziir 
tiptahc phesataanaiEa гОТР usrics k(DyonusCd1l 
segments with functional recovery were compara- 
ISal.,le,le„.,!.^lllSrnieetc!|„cndl!,vJe.ntvlep 
Eaiiehonai opco^ry Ped tedknedphosvhoes/.ehPfr 
ATP ratios. Similarly, Yabe etal. [96] studied myocar- 
.!,.aa,„l. aanaIPT!,],,Elrae.tlp!,o,r.<.лl>oaUasl,. 

Phosphocreatine wassigadKandp «^0! isa CAD 
petientp widod^oth fiped aisd vvherstble th ellrn „ 
аиСоре^О AdP whsatfEnea auly lit pahenas watS 
diocd_dnfsnfr.Сa^,gnpdenue,lielr^e_aPof|,ld>sriier- 
rpr MRereere^^tpem DO CAD patapiits, Bartomdey 
and Wotas |D7] rcdoncS tsaf К,!^™^™ war 
iosasvaintarad regiorarpumpased toEO^^Pi„ded 
myocardium. These studies demonstrate that MR 
rpeaas,tscopn ta dhc podwibaa forsoeaiapr aocadizyd 
"оч““ vamoasaatOd ol myecardials„etsVkЬc 
Ofaea IDs psfda tosavn^ethes^th MRsp.ldroscopv 
msidleer vs used foast issaae Vdosd ta mplmg s,re 
Sfd d° >aeaddU) to ep„r,e„sata dar alv tew mdraim 
n1fridalSe.aadta„eaoЬtoafiСhruedemdoleSlah^l 
eirmero,^ssngЧ,afrrr ,Evrtotvrdl ad» techaf,o«larr 
also technically demanding.

ofVDVw.es


(a) Reversible dysfunction
Before revascularization

End diastole End systole No hyperenhancement

After revascularization

End diastole End systole

Irreversible dysfunction
Before revascularization

End diastole End systole Hyperenhancement

After revascularization

End diastole End systole

Figure 8.8 Representative cine images and contrast-enhanced images obtained by MRI in one patient with reversible 
ventricular dysfunction (Panels a and b) and one with irreversible ventricular dysfunction (Panels c and d). The patient 
with reversible dysfunction had severe hypokinesia of the anteroseptal wall (arrows) and this area was not hyperen
hanced before revascularization. The contraEildyoatoe wall improved after renascylaolzation. The patient with irre
versible dysfunction hadakinesia oftto nnasrolatnealwall (aan<»vs),tndthisaanawamhyperebhaneed before 
revascularization. The contrautilirwoftna renll Pinnotimprovenfter eevasculaelzetion e89e.(Capyright©200e 
Massachusetts Medical Societz.Alltlgfto renarved.)
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Invasive methods of viability 
assessment
Electromechanical mapping
Electromechanical nvppinvCEmM)hnvoivestiie 
measurement of evVocvvdialunipolar voltages 
(UPV) and local sEocteninaCLS)uuice Ehre-lo» 
electromagnetic HeEl еш^у and a Op-PdiegOng 
sensor catheter. МоЯ-s perfeenred »,e«>ua dta-r- 
roscopy real-time nhhns-dimensioual maps erg (l 
created Iron, bod, tits nloctncel actrvrti (UPV) anal 
regional contractility data (USh ettlre Mftnentrtcular 
endocardium. И has Seen ahcniu m .annate- expeei- 
ments that myocard.atasehvnncmttndUec^reassuai- 
ated wth reduced yohagepoteiisnals [98.99].h,apig 
model of myocardial hibernation, there is preserved 
electrical activity m fS.cauAhO aegmms. vada 
reduced coronary parfesiottaiththnetignllOpi. _

EMM has been comparel tomma ^beaMrgie 
rntagutg modal,,,es ton yi.abthly ta „as fomag tbet 
regional UPV and Ehdathes „era anepf^rttoual th 
thallium uptake score at rest and with redistribu- 
l,o„ rn 61 patie„ta„,C[,_CAD -101]. ta pl CAD 
patients, the highest UPV and LS were found in 
normally perfused „gomrdhat d-eiaevt. Tbete 
„ere ,„termed,are aaheae for ra. l Cp myocarCun,. 
defined by fixed prrtaspou CaCeat by technsfinui- 
99m tetrofosmm SPOCT but reivd nieencat or lim
ited FDG uptake, wsdkuitct malnas ,v srttt Voattc 
1102]. Usrng lackoedaPtyed auhat,demand aouteevt 

a gold stawW.crdfoc 0-^. Perm u W
1103] found ruguthcceeFtardrUPC aeyti y.rslt-l 
segments wfih subd„0ocahdnil ecateod evaa dseipc 
values rn traiisninrol scar se-meiHs nt chmharcO tn 
normal myocardium.TOedisacPokl uah(ee_for 
UPV and LS that would distinguish normal from 
viable and scarred idyddiclauib ггепеЯ -]])»!- 
established. Репп e1ol.[t03| suggeUed a thrasfiohd 
value of V.9niV shnssttnety and ареуЛаУувИР) 
and 6.9 mV («„s,Му Phi cud apcc,Petty 884 
to distinguish „ortnnlftnm snbapdouirdialadd 
transmural scar tesnertniely Wlh FDG PET haLa. 
Keck et al. [102] found UPV of 4.5 mV as a thresh
old distinguishing „i.ebSe from c„Oamthlv fee,.- 
tioually unpaired „уосаЛа- рерпгеАгГсеия-пту 
65% and specificity 90%). Fuchs et al. [101] sug
gested UPV of V.loiV 1.»™*^ 71% and spen 
ficity 68%) and LS of 5% (sensitivity 65% and 
specificity 67%) as eutoffppmtsto elstltigLiis]i 

viable from non-viable myocardium using thal
lium dutafor comearisom

The disadvantage of EMM over other techniques 
1п"П"' the invas,ve mervre et Plea tealnntqce. fra 
advantage involves Um ytatag соАсппсп cspbemte 
and „able „уосагЛаГаопеаПу grndetoceEdehvery 
of therapy that may bo -araPfbte rn Lise Sufinr, surf 
as gpvr Лелфу or myoblast frao-fer. No atudy ,a 
apriLable gcL ghat eatahMaet tlcabaheyot EMM to 
d-aPiel Sunctcsnal recovery or clinical outcomes.

CyrnigccVSheterinatiyp
hhc ure of left vetitrifLilogrepliytOLLssessniyocardial 
атЬШи^ cnerentlyo^cstoriae0 rafter ticca ayrn'ciil 
intpoftaocehL  ̂htufthe available zitnonwaawc 
„pm. -eS detaam>n.Ho„epre, SefCypot„rUlgomnhy 
doits co pasthCfoUtann с^гогрсго apgaoomphypen- 
dwdtwwtupypn^deAdgathaus ,„foamct,o„ rc^V- 
Су mpoeardtal „.Ashtp ContsacrOe rHOWSt aa a 
dtcAcr nt mnomrdeoly(ad(eLo wes tasr psraOhcPaO 
w,d,a„o0]^phy. Рорю mat ОСМУсаАтрОоП „set 
,myropa„am rn rag,oral 001™^ СоИсорго 
ртатяте ycnSncuCct ceutracfions „at asana-ataS 
„оПСопсРппА mcOTcry tpllownLp rang,cP ce pascn - 
yaunacum пяиРу 1^0.11 C1 parents, lurnrohcp 
study, post eutna-systolic potentiation was also used 
,y detect гру,Г^ тутеМЫ ЬпсП» .105|, Cou- 
g-mtPc rerrea as a mayor Ip 3»» spiVciVsp whs 
Csc ™»l usldg1ntrat-f dy1t-asfdsulpmm^n 
infusion [4,106,107].

Slll1e-lh1sslr/

UccirftiititicaLiori о^аЫетуюсагсНит has impor- 
htyp rt1nelLOhaLa„d prognostic significance ... the 
treatment of CAL) sith left venVncular dysfunction. 
.„уаяпГа™ ..l..e.lЫelel..c.o„tcl senn-aAs le 
«htuvated WHO, nuttr-yted aitroeyaP but PaoePt Упср 
пр-Соап erИfchcdhS[sn.aаe„kunaУon rf nep- 
посЫр muteaartum. Them arc гсряг! rechmpuec 
tct,hgtOraУtnll1M,nta„d<SУe„OltrmmdaаVe11 „Ы- 
ty. TPc mos% «abhsPAt PcCrnq^ sududO --,1 
lium-201 SPECT, F-18 FDG PET, and DSE. These 
1ee0uLooss heye -„.„„тЫе кГУ»1,--- prAta- 
„nchiPTtl hAAmcs rrrd Antsipcty i-i psedte-fing 
regional functional recovery. DSE has higher speci- 
fcitf. to pedMuy срксаИи-Яка—А taanvery 
compared to the other two techniques. Increasingly, 
MR( Saahnivuas, шрИ!.^ t^dSemms MRI and 
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gadolinium CDE are being used in the assessment of 
myocardial viability.OthecHromiEng techniques are 
at early stages of evaluation, but should contribute to 
the enhancement of viability assessment.
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9
Byfss curgeTE in the treatment 
of ischemic cardiomyopathy
Ouce W Lytle

The most common operation performed for patients 
with congestive heart failure (CHF) is coronary 
bypass surgery. In the United States, the majority of 
ра,,е„К with heart fadvre have a catdeontaopathy. 
that is, at least in pari, redObhie nv o„n,n: earour.ny 
artery disease has bmfrtheLLah to Ilaetmryoeardshl 
dysfunction. И has heenlt>„aih„own hteti aoaoamy 
bypass surgery in,phaaerotrenteesapphaand snh- 
stautial evidence exists tbarirna.aas surgery prolong: 
the life expectancy of patcevla w.rh.rchcniichnka 
dioniyopathy. Recent ter.su hard vino shown and 
qnannfled the nnproventenl oSeyatptent.oh CHh 
follow,ng bypass surgery Suaddifioo ee shvaares 
m the safety and effroVveoeo uh OyRats ruegaay share 
havealsobeen,„,pqiptare„sr„r,seiegnsvlamnihues 
that allow identification of patient subsets particu
larly likely to bencfil froweeavatpus.aelaatlo.a

Early» the bypart^surgetyera,vvndomizeaiand 
comparative observational trials were undertaken to

identify the impact of bypass surgery on long-term 
survival. The results of these trials indicated that 
patients with abnormal left ventricular (LV) function 
vxpeeienced гл|трпе™тпИе with prompt 
bypass surgery compared with the strategy of mi- 
l:.allloe.e!lreM;sariallell|l.a„eeelev,nl•e„e:l 
eroded iatrf^ond syh1Pinatswhrtevnd(csotraaver 
to surgery). The Veteran s Affairs (VA) Cooperative 
Sthdy of earooary ortrryLaygtars tvv^ry waa rhe 
ta sucV war. шldettrkan ana Venen rn bhwl [ a]_. 
УщппНу. eab. truV eLwasokarrhvt paMr» fens 
Leftnsatncvaonmy aalrsy diseesea boiirfittad from 
„ye^„tmn!Hh■»dlere»^ndf!nhlel_wdtaftktdehaon 
crnerИforsha^uenrsntnld^^enr.nVnhentaeleeclt  ̂
h.., meudmH.^mUs.ms.aied .ааЬ.о1™к »[»- 

VralfV,hgrhap.*t,nsnrr the доШеЬлпе»» vffrtri^e- 
vesepldisoraetmd «,^0 еУЛтльтеаре^ 
„,™п1Ьппр15г from a»gef„ fh^e 9.1k И har 
been pointed out that by 15 years after operation

High angiographic risk

Medical 97 69 56 40 32 6
Surgical 71 61 56 43 25 6

Figure 9.1 The initial randomized trial 
of surgery versus medical treatment, 
tlie VA study of stable angina showed 
а survival advantage for patients with 
triple-vessel disease aniure o.m aTheft 
ventricular funrtion who underwent 
bypass surgery (reprintee witt pdrmis- 
sion from [1]).

145

ter.su


146 CHAPTER 9

(с)

Surgical 8
Medical 11

8 1 28 26 13 42 37 23
9 4 35 31 15 36 29 16

Figure 9.2 In the CASS randomized trial, there were trends toward improved survival retes for surgically treated patients 
with (a) single-, (b) double-, ou(c)ttiple-vessel disease that achieve statistic! significance (reprinted with P4rmission 
from [2]).

the highly signified sursrivae differouice bmtween 
the medical and suroical .croups had disappeared. 
However, it is also important to note that only 30% 
of patients „ere stiU elive al that pf iM and iVat try 
IS years 62% of thepattends erigmaSSyraedaynzsa 
to receive medical HeaWment tissd crts^il-cea^ to 
receive bypass surgtry.thuseecennng whatever sur
vival benefit bypass snrgeny 62ovited.Fprtherenenet 
the VA trial was conducted in a primitive era of 
bypass surgerypriontiricteviramtlyocactci.nmynm) 
grafts and effective esey^sVat рго,есОуп„ _..

The Coronary Artery Surgery Study (CASS) was 
undertaken the leatnn yntttn of tho tyVFn a„d 
involved a raudonnoedarm oh eateenee with intid 
or moderate angina and a registry arm of patients 
who either did not quahfy ferranAnmizaSiot nr 
who did quality bys wren non rmdonuvee. Io -he 
randomized ™» ое/ОетЯ й,ереОе„в„,,Ь as, 
ejection fraction (EF) ef <0„n* „err deund Sohuee 
an unproved surviveheate esiiyears aitee t.andons- 
izahon whether or nottheyhadrampto„sprtar ta 
operation Figure j.2) [d| . -gem, none оf thooe 
patients had severe ade™.«ederoii«varto t urgical 
treatment was frequent as 38% of medically treated 

jeateitnte had undergona surgery icy eo poste 
operative years [3].

In CASS, many more patients were included in the 
i,od„tanVentizrd ra-refry that in ide randomised 
агт.утР regntfry aieilysesdoeumen[3d some inrpor- 
tant observations. For patients with mild angina 
“t -do-ea't'ib Zmpnied-aosoe OV fryumothn szeratval 
razes wpeeunprove-i ecynrdmg to a nou-VF e.cseO 
nheeprmg„ethod|h|eр„net1eeSs„,thsaveeeLV 
funattou were mcloded ie Vna rW Ovdy hov 
pahyneKwUh „«re aiyrmaohmaieet а -„ЧогЛ„| 
ference m survival for patients with triple-vessel 
-.iM-ne ar 8T* of гУг suegmel g,-od„ snohvd pa 5 
О»^ opposed la ОГгУ^оГИуо „оо-П mthahiy 
ideated mediee-ly (Figum 9.d) |S|. .

hnothee important ttyde-ro„,thu CASSnthiftsy 
nwohndtho «при or yrpens arne-tp ee the on* of 
rnOden death|6|. VeddeOcardiaz detih frlenftt 
„ihm,th[sSh^,setdfrynipЮmti„astУi,„oee 
oeOealh ,„26* of the aeaihalh.elaeeutred Paerny 
attoi-yeer folW-nys Прцгору Oeatenntd She oderati 
„ЛоГ етИ-путШе at m^stpatieess„Ьre-r Opre 
nere по-™! bur was ратсМу .„ТроОго ea 
decreasing the rate of sudden death for patients
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n

Figure 9.4 (a) Double-vessel disease.
(b) Triple-vessel disease. In the non
randomized CASS registry bypass surgery 
decreased the risk of sudden death for 
patients with ahistorу ogCeFa4de)tDou 
two or triple-vessel diseasT iren-inten 
with permission from Ц).

with multi-vessel disease ond a history of CHF. For 
example, for patients with triple-vessel disease with 
a history of CHF, by 5 years 31 % of medically treated 
Clients had sutarnd.uUUendeath compared to 
tMorthosesurg.mBympateflfFtgtientS.W [6].

Data from the CASS registry also addressed the 
importance of the extent of revaaeufantahon on the 
antwal rate 9% pat,n„„al«bUypatohurgefy. Betland 
colleagues separated the surgically treated patients 
into subgroup. haseUon the etunber xd grata pve- 
formed aa an tndteator of enniuktevtteue „com
plete revasculanzation.Theefoend thaothe nnnthee 
of grafts relative to the number of vessels diseased 
did no, impact on poUita wtth normal 
lar function but that complete revascularization 

significantly improved the survival rate wfthose 
with ischemic cardiomyopathy [ 7].

A second VA Trial involved patients with unsta- 
hlf ungCna. -I Ilk,,.,! an» .hphhed u tuiraorl benefit 
for omasa,,.,,,!, abneernclBUrunelorumrUttiblf- 
vtsreldrseaee tohn unPestnunt hypaso surgery root 
bruit wilh those irenfod wUh „„al medical 
inrnagement [g],.............................................................
i AO er these tarOa stem Beguneirthro On fttot 
Voeedenf thefts .orgnry ere when leteto and 
ehoperanyeonatugtnswuarrhinyely prrmrhve. 
Siecethat bane concepluil and rechmeal rrneroehe 
erenth lave lowerod for shbet-fenn suOh fnd 
„rpntvrduhu tongptirm onterrmes atsocerteh w,tO 
bypass surgery. Perioperative risks have diminished
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due to improvements in intraoperative myocardial 
protection, increasedsurgeonexperience, and more 
consistent postoperative care strategies. The use of 
platelet inhibitors dasbeen shooveto,„prove van, 
graft patency rates n-b „anarnnnrsbpenogenaftex 
rscbennc events |9|. and the use oh V-bydtoy-d- 
rnethylglutaryl (HhlG) ао-угуте A mhthtton. 
decreases angrogragbfc progrey-ron ofadherosdie- 
tcts m bypass grafter,h native coronary «tet.ee, 
and decreases the md eO cardrvc cvhM Gfthrn the 
fnst dyears after bypavdsudgrty [10,rieerhnnrdts 
were not used to auyn.gmltant C-oreendany yd 
the randomized tnslr.tdeaow dt-dertbytlTA O-afts 
have superior early and Otto potttvey hsStt to corn 
grafts and that even to 20 years after operation the 
likelihood of late ITAg-oh dnhu.e d q.dne lowc.rnWeiin 
„proved patency eotee,^h.vlnveo-,,eohd mapoz- 
tant and the use of the left internal thoracic artery 
Ю left anterior descendne^diy^yaaleoy- (L.TP- 
LAD) graft has beeeihowd M(ehalono long-teom 
survivalrate and reduce Ла,„сг<Ге„се,>Па1еуаеЛас 
events [12]. Aho. ondetyMiae-aldaeaie now ancn- 
mnlaling tlial the useoflwo oyA grebe nray imp, ove 
long-term survival r-to, .„„I derdeasd ddeetskod 
reoperafton when eternpered w:tlt tbest-gOa ITA 
graft strategy 1131 .....................................................

The results of tha tandomizyA tnd oVstdvaSndnal 
trials ofthe 1970s were reaso11dble-onsl11enl,vbeew- 
vational studies since that time have also seemed to 
indicate fayorable ogdomestp0 yadentr -«,„- 
rnal LV function a„0 аае^ oeeeo„ves have 
„proved dramahtallyamoathe ttiah weoee- 
pleted. These cons,daaadoethave eseebAshehbypa-i 
surgery as the hetmans vf yPhtye -or hroloAwrng 
patient survival for petle11ttwfth smhemaa catduemyi 
opathy. Reviews ЬycoteseneuSpanalle™ furlher 
estabhshed die p„n)P-oO-haS eЬnotnsr( e.Vrtmytenn 
combined with leftoaau, or nluSa-t1Vhтl Chton«y 
aneryd,sense repreSbnStenme,oeeonO-ebyoa^ro-l 
geryregardlessoftho^evotltyoeЧhVl--oms(n4(t^|.

No„.operaOvetha1eh^erft>dRadetaet(^n0,re11vt„c 
cardiomyopathy ha« e^son^pteveh. elnarotaaoi1>glc 
treatment, indudme dewa of .hiigertno„ c„- 
vetting enzyme n,l^Ь,N1h-1hlc-PlitckeerymiedlhvИs 

often „prove doe аотрШт^СНР and mpn 
randomized trials have also noted that pharmaco- 
logictherapiesmayevcrecsed,e mm-alfty r.rdot- 
mg short follow-up periods [16]. The availability of 
multiple anti-arrhythmk ageh-1 .лас.,0---1..1--

symptoms induced by arrhythmias but an influence 
on survival rate has been hard to show. Implantable 
defibrillators, however, have appeared to decrease the 
„temObaPvllr«lonm.l(ЧmmhaAc_r«-„eVreO-rim 
patient subgroups [17]. In view of these advances 
Cn nelтopeebt1tte thdrayV[aS ha-bebe suggestepthae 
revascularization may not still be needed to improve 
the eu,■vivdSrateof hatie1ftstviУcr1clsenl,1cardionehe 
ypat-o, and that mrtreaub^ens itudonnzcd П,а1а 
eornpariny modern bye.,» lurgbryw,lh„tode„e 
nnii-one-iitnvetre.adnent tot „«denth ,0edStaЫyhi 
Vhd„v0,aaOv„tfor1zyaecular,e.allPУ......................

tty oteovaew is afthe^eylr Cmenle »«У „Ьет,- 
car<l.onAtorptdy Ьа^е- yp «.thahnhatnal hV 
ftcveetonPacante ofdseodoasray;en-ce„soars.voss 
etdat enenC-, Unless pharbe.eaolog,e.aae„eS prevpnl 
cOe o^uibenee of f^svde1uichz^„c even-art .aAh 
senn -пуоьП (het ,«8^1^001» e -ha plun- 
anacukagaclecamaenr of lte«l ЫиепапП -hydini 
0isCpsbaneel1hat thepiesepcy уС antyrreeled naeo- 
n«y «enosee -Al dmernenc tha .hrvvrcSr,a рау 
wftd „hsunc card,omyncochy. Foepat,bnts w,dt 
myoca1dcu(n ^aaiO^d PУt Пос -rea-eoe oSanso. 
temy fte„o,ses ond .Ю.1 torluey-e cornr,aryaoents, 
arhy^ameltS,we„oteel,eaУypamnraPrdgm„l,sove 
theepcvmal rate!Thecbappe Ah- nbdr-eestluyOons 
where surgery might not benefit. The first would be 
ef-he oeeradve r,sk оА-еерШ ehe long-sere, hrnr 
efit. The second would be if there was a high mci- 
dencoot„or-r^teetwvttt„rvpceedcnirchz,,eip.o1 
1a^sohe„„а<sleV„t yohrr1zk,and rhetlbrd,fЬoleoes 
gosObyg rnas, niffccnye nep tenendne hub™ a.
s On it-ardloAe fi„t nturneldsoogh d,esopr т 
mtthmenlei „ek dyr,nnЬhpaeseu1gelh e-oduaad 
VlyoЬnотm^1e.V^uovpon,»wth motem neyocmOttd 
pyslneeio у thatmerenreM css„ht. hhc m-horpilol 
„hkhVhypao^^mg«Уleemeada ^„.-1, w wizIV 
Omlanatdlh. ссргс-спРу -ela0velyryct[1preoor- 
eronof dlp,lntal nshntру1у„1п»,1- 
h,^mvypathl..ta.,eot nt 14,o05 P-lorv0md Clime 
Fouodenoypamnls uphalg1rmv_hvem«y -оЬт! 
УуПУГс lptnnrvd^rmh die у-c-s ТОМ 999 zhoweO 
m-hheO1t14moftaha'1a-ec ilzaoedlng to pwehye redye 
УП'ГупсП1по-о be norh^eO (i, = 72C-1 I.-Ho citid 
,„n^rm,sent 0[c = rOZO) 0.8<Cr, mad^Ce ■треп, 
ment (n = 2132) 2.5%, and severe impairment 
to I .e.e : -.2%, sesppcdvesУe Odrercvp-ess b™
^koda„oo1mrKd^hl„[V„>r:dd^ „-,c hated „oriel- 
ity for operations for ischemic cardiomyopathy.
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Second, there is evidence that ischemic events do 
contribute in a major way to the mortality of patients 
with ischemic cardiomyopathy. Investigators from 
the Assessment of TrsnCotent with Invidonril and 
Survival (ATLAS) trad iehortada-ataiiwl ytndyot 
autopsy data. I„ ATLAS, t»U3 drarhi ooetnredand 
1SS postmortem examinatsond were prrlorm—[1Sw 
Thirty-three pahetitswho undeLwsut phstmortem 
examinations „ere ,ud?ed totr.dvr AedAorn „31,- 
cardiac causes and of the 155 judged to have died 
horn hear, disease.Sh hod monte eornnary pothdh 
ogy noted a, lu^ FarA™orr,jfuaO™ 
undergo,ng sudden deathexlutaedacpte ooro5aiy 
findings. Because of odianar-mduhed аггУуЛт» 
could result from ,rohen„amit hatred d>F new v- 
cnlar occlusion auh ptfOthf,^ mdrheye„y„. 
might no, always artanDy newdrang-s tsr aomn-rn 
ar,atomy for раПеп-r wath Uitlus-atdryoadhinrts. 
these figures for thr nripa-r ot uern isadsimc «anti 
on death rate have dr bacnusadrred „„„mum Of 
ures. Studies based on clinical judgements of cause 
of death eanuot he «Sf opon„v e.c-wi.iPsdi, 
related to asaaem.cdusuie.ltt ATLAS- PbU phutse 
patients who „.Сиуау rsera Conud to
have died of myoearduil vsfdclripa hoi „0^*01 
patients who dtd nvi have a y orUu-rleuianenmi , 
taonwereyudgedtohhvedteWu-mDScrOrDaa^p-

o„ clinical grouudr.Smdted uf paaaasstywirhuut 
abnormal LV tamatieuwhw bsvs arynsylowattu 
ischemia Asymptetprawc Ctnshac -whamis РПог 
(ЛС1Р) Thai) have strowsrldardtiitcwOrslisphenca 
predicts mortality hhqnta ware»t „adt-al tOesspy 
|19|. Why would wu sSnuk thAdd-Pent-a id bernf, 
forpatients with ahnocao)! UVfunclioyr a ,

Th,rd. can coronaryiypamsuigeyyprevencaatal 
ischemic events? W[know ,.«0™^  ̂sur
gery does not totairapnweaitsfoPemaaapa—i ofaU 
magnitude. There ishattvdy hole „pudenca udut
coronary bypass surgery over the long term lowers 
the rate of dlaguocly mSm^fardaedmawrcllon. 
However, it docs apmair from dhe satidounzad laidk 
of the past that coronary surgery lowers the risk of 
fatal myocardial iactacdoy dpS wp Pgueopm-yp 
noted the data from the CASS registry clearly show
ing 0 decreased risk ow suddendealpaflerbymass 
surgery for patients wite pocptsms oh CH„ [hi. As 
addtUon.dherearemprasesaiShalirtamryafS^t.VD 
(SdudtesofldtVemrKuaasadvrPsoshirulnudussOrt 
the mortality rate from ischemic cardiomyopathy 

is decreased by bypass surgery despite treatment 
with modernpdonnacoloyic rWe-any Osier— dry 
SOLV'D studies was designed to test the impact of 
Sdapril on tSe survisal of patients „id, ischernn 
earV„o„no„a1Py loft ue-nsolar eyed,mu fiar» 
LVEF 0.35). Thirty-five percent of the 5410 
iedirgut- [tr ttor MdnhpausiPrugyoe ornvdius „„pat- 
rni„ary -mead of Cal y-aes peats di edtfpihtia Usa 
st„plyieV|.ian™gd3E.e arftllomnp. tleosr poharta 
Patfa aOh tower mori.altt„ iahe th,an thep.alreutr 
who did not have a history of bypass surgery, and 
his de-mar-n risk of death dps rnoufly Cap r 
decreased risk of sudden death. Further work from 
ova „OdVDDtal fouiiUthatdlabeU0 pameotsrtiyudlh 
54%ftrteh farm byysrs rurgaip m terms of atarywol 
iaU K us iutdort.sul iu oote tiprt oshanir|hiyh 
udilaUSd D-twa or yiyooardaaliufrrepou ааеЛт о 
tushkeOiWy „arar„clildeddo„lheSOUVD 
tnala —eaamtg that the patients-Рс, ware mehtdad 
would cot trave beeo cna.hideraf а-аисаа-у tdbsal a 
UnSCisUdriitltr  ̂namfhtysasdemtaeyoueu i

s ycmarnpriaerf ЗОаУтЬауапгаукеУа ahsarva- 
Slmn1tтtтe ^f-M orOvyia^s suvgahoan rtt^arasrms 
id nrSttrf rudsOd, death m-v deepoersbir explsum 
trh„fttrtheary^ty tpyamomd^uipa poddwsffiai 
пНпчгЬпРеУ^опаеграПаа УсГИ-г („CD, uo 
.ooeovdS тт nt tl,eSiorunpгyArSadBunas-ldrhU 
h^AJrd)PaKIr^al.„nrCie^Graa(ch„rasl„„rtnuii 
paiCdiOi mtd m;h-„,acadiao„Чaod^tldO whs ah 
adheswetd hypass uoapepyirih ierieyiCP Pd-lynA 
iatton a^aiydphar„SAoG,g^e ntapegenieutSnnthe 
paud-dau -if nmnehty. There dsd uoS --pi» Ushe 
a tdaider irons KDnssrilmdnth.iaUPS. Ouee-nb- 
imstan fcsa dra boh al ampruvensan-wttlr ta- 
-cptasinyitawas tbai Cat atnrra-p rale ,u CABG 
sama iur dreppheaiswlrd UpP-.^sd rm-pean attP 
ptPn^^gK treatansni wasyoly 6b, fee meva 
ТУаа.ЬаГ^ег-тап-апркоаиеУАеУс-ри- 
latуa(y COPkvdw0ererpraweтrтw1oУWУCdlt 
-t Уe„ntsstrale even we- tCD rnc plantt-doh- -,

dir Sda rntiyt^tylismsc vditur ,otp^a„id>ay УаРЬ- 
гПРу-ог -AVID) „■lat.patienti «аРгМегиое-етпра 
"”“"1“ риЛу-Ртаа- rueearied|aiWes cah- 
„rpm-rmsse drugs (AADlorWCDautydey-atioUi aod 
wdito yyiu^.ofrmieitsslwd tnahannc cardioaannpo 
thy.hdly за* ш didlardoiia byvasy .yugauy [17| 
l„ AVtD, patwyd „пРУ-У-О. Sahad .„„„0^ 
survrval rayawstd. 1OD irnplaMrttoat. Hnwaus s dssr 
improvement was based on a particularly bad 



150 CHAPTER 9

outcome for the AAD patients with survival rates 
of only 64% and 72% aCHAeaTERffollow-up for 
patients with EF <0.20 and 0.20-0.34, respectively. 
Although the 1CD paCcrne for hheeAthttpitned 
survival rate, those rurvivalmressthlatere notvtey 
good with 2 year survwalraieeof 720PtSdeih aytd 
83% for patients with EF of <0.20, 0.20-0.34, 
arid >0.34 respectsvevo. Thus, the paper,ts „the 
AV!D trial had h.ghiuoatalityraeesdespeeeeCD 
implantation. It ,s true hbaU slue AV-D pubeptta 
appeared to he at e greateaa„hythmpo t,sk Лап 
those that were included in the CABG Patch trial 
hut these data also .вдеЯ Cat !CD unphentaturn ys 
not a substitute for ruuaeeulasrzabtoet.

Patients with ischemic cardiomyopathy are het- 
er ogeneous integatd teootanawy rnratovuy, Isohemm 
jeopardy, and „,yocrsd,ald,abv,tyrt tsprobable 
that there are patients who cwi he ca^tired ar 
having ischemic cardiomyopathy that will benefit 
very lihle horn reaaseutaozatlgu auh th„f that 
will benefit a lot. There are now available imaging 
modalities that appear» be able to Ьф identity 
these patient subset,. There eas „bttpP Seohrnquea 
available and the а,(ог„уР,ои11геу peavde anu- 
cemiug „yoeardpal ™b,h,pd,Pess.Umuraphoto„ 
emission toinograppptSPECT) vding thillhttm-el 
or technetium-99 upafua,o„ Иге™ enautmesodl 
membrane rnPegnPc. Metabniit aelrhiPy PadbeiTegy. 
tified using positron emission tomography (PET) 
and dobutamine sAms eehtxazmmgmphy av-dc^ 
the issue of co,^p,amtluрfa^ve. Alt of Musu „pha 
niques have been leaded pzsiydrpt.etdtybtbid mys 
m regard to then уруЛгПопоНуир-Ге-пе elomoal 
outcomes after revaetdi^hrin „.th rpppeupptpPrp^ 
some predict,ve у^.МагпеПс tysotset™ ppppic- 
mg(MRI)alsomaУУ_eusedle1,sed,cUe^aЬdttu.anУ 
outcomes alЛoughZeecUuPehaof pppaevlated tlrat 
Pechnique wiPh long-tmtnuhmcal outcomes. lugen- 
etal, SPECT and PET toniogfadpOry mat atizle dtr.,u 
live, that ,s to say, vcvy fem рапЫс edlg are aegessatp 
for them to he pdetttpPedati v,aЫc.Hnto.iutOptha 
strategies do not appear Ss beessyg csfio, n Ют, uU 
recovery of regionatmyoeardisit faithon aftarrtvas- 
culanzation. Dobuloomrne brers echgeesУlPgmphy 

no, as sensitive AutappeagsloЬemppesuao,Ppa 
for the ability of myocardmtii to -трота rtafunc- 
tion after revascularization.

Meta-tmalysis of 2u «ud^s руаЛЬ^ mcruttatbS 
viability assessment and survival with or without

revascularization for patients with ischemic car
diomyopathy was performed by Allman and col
leagues [23]. There were 3088 patients in the studies 
e„aluPeP1nЛemera-antlnslt„lshУFsoSaa ± 8%. 
yytrentr vusa FoIIowcU .t„ 2l ± -0 inomhi aftea 
Phe diagnnbta studtes.Fos patieifte aiWa aedtphssuh 
myocardial viability revascularization decreased 
t.ten'sliuf °puth byebnue80%.TUerewesa3.2% 
apweuaS rnorlddy for Ppg гетс-иСи™, grofu cun.- 
.ат! »»—, aft", atntnel mopiadiy for pafpenC 
tuhndin^not npfcgoeavaki uiarieeSiod. ShauvS.80%, 
Upngouienneei^ateyeyocaiboftuiayilrrh hadappotsz 
anvual uoitel^ „Phu mwpsonC.-^ gayetv (dm„ 
pnicerpp) and а реЬОРг^УапиегилргиРаак Cor 
naPGSSC Cheated nmd,gel0ygUb%pernemt.CaOeu1p 
svnuom hPhychPdpnlnvUisbPh did nnl exhtPiS ve 
ee^ survival uate up апр subgtuup bated ntt 
uuptptulae hmdionPeyents atdh mpr^atyal ete 
htUmexP«Ptmi„oreheuzhtftyutp_evaseplaaгaSyng 
as s ha uF decreased. ШгрпгЫГр „drnPuy aPttd- 
рее^г™ -rpdlap 1,aOfMnprmЬets hye, Use maSr- 
eualртa,bUe_enЛ„gi etyphernduhduP ир^еиу 
ayprspp^e. T0e aupbnpe niefeutpabfero nO^entdy an 
adu«,eauu_fe,w patticylaelyui ое™Ы11у elvUy 
„^^phedpy^cupinotpifppediiy.riyypfoupepneh. 
i StuU,^spfm^catUИlpteУthkea„ztptlfa^fdelue 
as ppcdpgtmh the fugphym.1 ,«„0™,^ aЬnhflstyU 
myoyaedmm Лее pevmnulappunCtv,. Thalhug, 
SPECT hvi bten brownto ррасУтУ caphcepppem n^f 
111 U iaipa .aaa, ofppualpdiiyam Уzyto„stpatftl. 
Plty1tuУ1dtmgy;tocmУutgtЧph^alsunatЬfe„dto^,d 
'оГроР naSue in predichkgupsdeuyemcm m „fu^ 
dPumeutroff^fЬalLVfunafyen.................................

. More eecenldatauрdlcale that пСетЛсаиоп od 
u1atsdИptrndoofKlm„р,praouemSlУehr get, yyecta 

improuaC fraction Uey uybopc^aLn-av. [^C.. 
Marwick «al. „„Med rutpinvgmeptin «.»- 
esrecapaeUy Лег revasyniuryceP,o„ т.» toud^e 
icypsariliumof >2Uiuof the fvtttac as tde-epfed 
ley PET correlaШgмla„„proye,>,entt„ mte_1>mu 
vitre prodnctl^l. pyeehau СкупУ Chrnc Coun- 
Udbov «1-1,1- tave myhtet ГЬ«РУT appearadpt he 
mote eccutatf m irnysiuemcdf od eyаs^eoauafotp 
than wet dotaMpmeeUro..................................

Based trmЬuртehhuceepsVhpepnoh eaUo rfЬnoass 
siuyeayereteppmed^^catreeittmfm. Slyiu,p„peulUУB 
pt Crr hyoab and кту.-егтои™ at bypass 
mmctpaPUe eppAmamtpdcft p-uur morn oinhcm 
trials that we have discussed, the continued high 
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risk of patients with ischemic cardiomyopathy 
despite non-surgical treatments, and data showing 
the benefit of surgery for patients with myocardial 
viability, it l.v, mat sccoa tu ov -Onw aaadomiami 
trials testing ravaatdiiaritattonv^sgisaytn-sttmiKal 
treatment for patients with ischemic cardiomyopa
thy and t^ocartfalviabffity are either needed on 
justihed. However, there aot „anyolher qnethoni 
that areas yetnnanrwered.

Ftrst. what ,s the ophnnam rdletrfpaieotaneoor 
procedures (PCT) m the revascularization of patients 
with ischemic cardiomyopathy? Mnsteevascaless 
izahon studies have a,i-rvw,I eee.iseubrhaho,, vie 
bypass surgery for ths oeerwhplrnnrn m.-iii„synf 
pabents w>th «henna оагЛапуор.еПгу Gshh or»P 
the use of eoronarh stedhngioiiioheriaahaltdeanaia 
of surgery versus PCT revaienhiriratinnOiive Vonu- 
nrented less eons,strut гееа,гп1а„га0Еп wash POT 
On the other hand, PCT has shown to have been 
effective at least ovcsfOa.shM™, fernotne hlels- 
risk patient subsets. IVS.^o iinponanceoloon,- 
plete revasculanzatioutfaa y aaiie.etothmheniia 
cardiomyopathy hasalto been a ditertaa t ho -lea 
rouhne use of PCT for rOetaspottcott. Farpahenae 
with coronary vascular anifootysmtabkasss aseus- 
,„g, second generahco (Erog-soateOs Kents stay 
ptnv.de more consigns andlonglanhng taaaeus 
lanzat.cn than prenaaaPCT sechiologsea. ।

Second, patients with «Mensa cacdtomyopnfhy 
are often post-bypass surgery. Reoperation for 
patients with recurmm stcommra barad.on phognes- 
s,ou of atheroscleros.esadnekolaant ebnanhifa.m 
fouchon is not a stsatagn tint Uoa btru teKot wills 
randomized trials. ..................................................

Third, for patients washout l»p.csdy nfoisbla 
myocardium there n oeate great .seal ot hhideuca 
that opera,,on unnsnoasausoivas aate compared 
„«h med,cal management

However, despite the existence of these and other 
questions, bypass srngny has a eenGul nieto t.ia 
treatment of ischemic cardiomyopathy and is the best 
long-term strategy fet tth rai-nri m uf hgam -—,
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№10urgAry fRi- patients with 
left ventricular dysfunction
leftkM. Afcdtife

Introduction
Clinicians are frequently faced with patients with 
heart failure, or severely impaired ventricular func
tion, who have clinicny sigdifictit valve lesions. In a 
reeent study from the iJnicvarsilyrehtJiql^ennmyhteardi 
of their echocard,о^арЫс ditaborh iilumrnateddre 
problem andthepotior^o.tytiftlintepatfrin^Il]. 
Of the patients with a 35% or less left ventricular 
eject,on fraction (LVFF) 48.6"* hid eidretd ca 
4+ mitral rygurgitalton iMhyj.and dd.L*Lndd so 
4+ tricuspid regurgttahno dhR) Bf dnnatrivble anf 
multivariable analyejs teoere MR .ord LV EFgurgUa- 
frou both „ere shown to bshgeiScnitpodhrMni оУ 
mortahty (Figure 14.1). Addmhpa) studies Lrrmthe 
Mayo Clinic confirm the frequent finding of MR and 
TR in congestive hearddalvdse (CHy) piatirntOi arrdgrr 
poor prognosis of prLeifrswUh sytmfcmt MR snd 
TR[2],

Historically, clinicians were taught that mitral 
valve replacement in patients with a 40% or less EF 
and low cardiac index was extremely high risk, and 
Prat “thy risk of operative moptahtybidomds pwchib- 
hhvd Й.Нс^пег.Леес^еРаоГ^РотПотИСО 
тЯеиеаеЬеггак of Ptpaftffttiatpodtt x date. Tri 
steidordrf cry at tletf h“inc rias Lt "diace lhe mitral 
y.afre.fdithabaekin-cagy [rosthodiceud ehecuddat2u- 
Ix mmpohfn_fr unpedtd psndhefrc vainctoit 
Ftidfe ldi2).ln addihon, tlhoentuf vahn. mdndntg 

d,t padnltsty musdcs aiidstibeidwlat apparatus 
were removed. We now know, these valvular- 
vrefrfcnitd- interactions. me tapchcmP to татЬта 
eenfriesCad ton [р,5|._ After removal of ltd рпчУуЬ- 
Ррупесуиеп n-d Леи dtm-dol «ndDaXd to ddd 
valve cnf Lt Ле vabdamsuhts. РЬ) yanLddedPatee 
ash havtdmf more e),ftt„y0h„У.Thod,ghopeta)tee 
mortality m 1980 was compounded by the lack of 

Figure 10.1 In a study from the Univer0ity of Michigan, 3 or 4+ MR (left panel) was pres2nt in 48.6% of patients with an 
EF of 35% or less, and 3 or 4+ TR was present in 34.5%. Byeeivariable and6el0ivariable enalysis MR and TR predicted 
reduced survival (reprinted with permission from [1]).

i5M
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sophisticated methods of myocardial protection, and 
more limited capabilities foHAepi-EperaOve care.

There are several other sources of information 
tad,cattag that MRporttndta meet profits ar 
those with ischemic disease. The presence of MR

Figure 10.2 In the 1970s and 1980s valve replacement, 
rather than repair, was performed in most patients with 
MR. During those operations the entire subvalvular appa
ratus, along with the leaflets and chords, were removed to 
avoid impingement of the bill-in-cagevalve. Thidlia8to 
reduced ventricular functienasscciaPed w^tls ahfghmpera- 
tive and late mortality. Mltrui valvesuageayner pctlgePr 
with LV dysfunction was higS sickduriegthaatime 
period.

was shown to indicate a poor long-term outcome in 
patients post myocardial infarction (MI) [6]. In a 
study from the Cleveland Clinic, patients who under- 
„ent percntantmts rormtary mtcrntuttan hpdasig- 
nificandy wome pregnant if thenawn Jpt « MR 
conruacrm К, rvUhoutMlt[7CEvpnnposintah 
hrpp h+ MR. tad yp-lap.p-l ournivcl (Ftgnna lO.UIe 
This was especially true for patients with an EF less 
than 4p%. Several othernaperc doepmentthe poor 
prognosis of MR in „atientM with PV dpuftrnction 
[8-10].

Suvgie aPtreatment of MR in 
patients with severe LV 
dysfunction
Since 1980, when mitrul valve replacementinpatients 
with LV dysfunction warlmpp risk, surgisal ovteom es 
have improved consideaafly. MuchPas been learned 
about the med,™ of MR.tatra-oprratrvv rnP 
past-operative management, anO dtetnyerf pnop.- 
dnre and ruig pmadranrap hapntnloypd tar valvo 
repair. Balling pnbhshod n („ant rf paatehfe »ta 
underwent rnttrnl pctd- tnpatr (mar ren„peme_mt 
wtabaemereLVdydPoppmnt lin Smgednswetc beat 
utpuck by dpa Sow оPdtprtrre BtarnalUp W РЫ «nr. 
cepnarifthepopmff „«chan™ tad been oncnPired 
Sordecadaeto explain the high mortality of patients 

Figure 10.3 Patients who 
underwent percutaneous 
coronary intervention had a 
significantly worse prognosis 
if they had MR. This wat 
even true for those witConle 
1 or 2+ MR (reprinted wise 
permission from [7]).
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who underwent surgery for MR with severe LV dys
function. According to this concept, MR was some
what beneficial, in that the ventricle was unloaded 
into the lo»-pr«uIeOUadeuIwe.Bs.rg„,yfo,gMR 
pop-off mcctanismwilh acA„,ortent tottral valve, 
alierload was „cetwh mt Ле veattrtde (avhtd„ vent 
had to eject solely ,„nathe„yitw>-pre,rcU„at,o„a. Uta 
increased workload lod-oeam„pen-opewetdedvoth. 
Tlrerefore, Bolhngs „„oVtOl snrgical tea» cae 
remarkable hecanseitreOttjeV dos yon-off eorrreph 
Equally remarkable, 3-ye„t survival «-at oppro»p 
mately 75u/o, cousidTeaHf bdteB tiiant rhey exprcted 
for pahents with heart PaalureteibtvevereLVfys^iee 

hon and MR (Figure ttl 4). aetthau stud.es from rVa 
University of Michigan also showed that by removing 
die volume overloeOpayerdby Mp rhe vymetdes 
remodeled, eud-dutetokr mMeud-tytlelK wltittr-e 
decreased,forward U^okri-olftoeeairdothVtaeopeoy 
inrproved,andEFimprooey p2] (Tabla tO.h). y

These results were ttorodueed n„ one -of our -OoT- 
,eshomtheCleveland_Ch1„o|^^3y^ttrtioouksvtor 
we investigated hospipho «ta-non. for CHEMI 
paneuts tad been adnuded rarrVLuud fehdia atloett 
once, with a range rfl-BOrnee taforesntgery o,de 
mean of 2 adrniss.oyr to edition td simikcr fopor- 
able survival like dolhngs mptre, titod-tc, ftom 
hospital readnussurnfor taartfahnte oeasve-y legb 
m our series (Figure 10.5). Furthermore, we also 

observed late changes in ventricular volumes and 
structure, and an mtpaovamentin vyndriculae fanv- 
tion (Figure 10.6).

Tire rLceudpTOmbleted Acr-u Chrncal THal ntae 
a mUr,rcaMe„andot„uad nmrnecOde irihlrf 
patients with low LVEF (mean 24%) and MR. 
dftet 1уя „imp valve sedgeor ttay foodd-cuorook 
dLum-a tol.V volume, mud even-ise lhtvoelOe qudtla 
of bfy,airdNy„ Ydrk Hear, AdU-oyUoc (NYHA| 
ckots |14,. UdfoblyAdTS viarthy -ah rapVonumd 
omgKtil rrodyof раКи^Л scvaoetpRl^hnsexerv 
LV dysfunction, and it confirmed a low operative

H Ld Ю.1 Cdaeoes aftcc nifiel naive ^h^entin 
patients with severe LV dysfunction (reproduced with 
vesreiiVio) 1|VH -12]).

frhot) rtehhoall-/t 
^-г me ven Prt-operafrne

Pos t-opeyer/Ve 
(24men VVtdy P-vianne

tnt^diertoOt
tsc r sms(rnL)

281 ± 86 206 ± 88 <0.001

,F,%) 16 ±5 26±8 0ft08
o o rRegurgitant
fraction l%l

70 ± 12 13 ± 10 <0.001

c.3 -d ac output 
|i-minr

3.1 a ]V 5.2 ± 0.8 0.001

rceeritile !пГ-о 
ffi/O

O.Re ± 0.10 0.74 ± 7).07 0.0013

Figure 10.4 Bolling and colleagues reported a series of 
patients who underwent HMvalve rAIir, instM of 
replacement, and found a low early mortality, and accept
able late mortality for a group of patients with LV dys
function and heart faFFugUr O10e4 SBogeonandganeoado pe 
this more aggressive strotenyi npatientewitnLVdyofunc- 
tion (reproduced with etrmitsienf tont f10]).

Years

Figure 10.5 In a study of mitral valve surgery patients 
with severe LV dysfunction from the Cleveland Clinic, early 
and I48 mo^ty were low. Als0 fteedonf rorn hea2 
failure readmission was high considering that all patients 
had been hospitalized ftom 1to 6 titoeyfor oeart foii ure 
befoaetheoaeration, withameannumbeuof panoperayive 
odmnsieotoe^ ± 1 .OfrepycxVaedwirh pei-mission 
frotr rant).

stud.es
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Figure 10.6 After mitral valvepurgeryin patients with 
severe LV dysfunction in - J20 - EDD ' ESD S 
also observed .mprovemeFOmWIUg^SMRmjy^^ 
function (reproduced with permission from [13]).
EDD: end-diastolic diamgUre; ESD: eod-rystoiic Viameturg 
SI: sphericity index; SV:sphericiryvolume.

mortality (1.6%) with favorable changes in ventric
ular function for both control (mitral valve surgery 
only) or treated patients (mitral valve surgery with

............................................................................
Tta studies hsuiarefunusuated mpdients oath 

severe LV dysfunotoan and Met ehateettemmary 
surgical results offer a low mortality, improved LV 
volumes and funoddn.1„proved exvroiseetpao- 
,ty quality of lite and NLHA plant. Ion, need fat 
reflrospttalization for be.ct didure. and gooW „„Or 
term survival. Is sorowal bttver than for thosv 
paUeuts bemg treaSed wrfo eoofoindocaey meHical 
therapy that includes Ья^к^ btyentnonOrr 
pacmg, and defibrillators? The answer is not clear. 
A recent report fttm the Urnverslsy ud Madtigah 
showed no sue™. nrthautets for Bissee SrtabrO 
with surgery [S . Then ^.00^.r« OiPpresty 
matched, analysis (Figure 10.71 hod Urn usual flaws oS 
all retrospective studios Sauda as dnUsnrnveg a», 
spediyely that a paMeist tantW t»ve beeu a snagtsil 
caiidtdate) and also moniparedfofoesardest mttrd 
valve surgery results using flexible rmgs that later 
studies found to haat v isoh risC for tan hlR monr- 
rence (see next sechon on ЬоЬеппсМО). Omthrdrae,- 
ized prospective tssal ul rnarhccl ihptapy varsuo 
surgical treatment would Pafoaidealinlhtaon. dnrnt 
appheahons. for such a stndy".™^ sohnstdad. 
The ACC/AHA Frastice Сппкапм ау^га! ihat duels 
surgery can be considered, and is a Class lib [ 15].

Figure 10.7 A retrospective, propensity ma0dhed,0typp 
U°m ttEFniversity of Michigan showed no diff^^raS^ 

ЖЖШЪor surgically treated patients with 
low EF and severe MR. Although the study had flaws, and 
aeportedDs.Bolling's earliest resuAs esingaflevible mitraS 
reprirring which was pronehe failure, It pointsort the 
nmeUfer apr^ctive-ranVomizentriai of thisuatient 
population (reproduced withpermVtisernrom [8]. 
CmD: rornnaes artery lisemse.

Ischemic MR
ttrrpnhs MR(IMR) is different from functional 
МИс„г8рГ b, idiopathic dilated cardiomyopathy for 
several reasons. FirsflMRis more CRmmon, so sur- 
„““ irnd cwdiologiils satside rfrnapr heart Ca-lnre 
yathrams еМрияМепсигиег foesep.ehaatrand 
leave tomhOrn dec,spans nt, hpwbesl io heat th™. 
hh„dos vaLVottbnobiVhpatrvO rye tiu yean- 
mon outside transplant centers and, as yet, uncom- 
rnofoy mfaerad for svsgro dcr.q on data nanus foe 
CtevtrbnV dime »,fo р™..™ arnhvd nuts- 
ventions, patients with MR had a worse prognosis 
Aon Arar orh »„ ,MR and, flranefoae. тговтру 
bypa„ ьЛ artW cSs„ ггьсргшь111м foe гспЬ™, 
sdC,rpaanl|al.tea>nlil,„oЧ.p.t0edBaree„eмRtУtV 
who nM агеartery Пурм .СЬВ) wRo have 
irnlh nr пЛе MR inMfoe de.vr,on к» to t„ 
nbatsewOhrhir Л1 cnhd vdyeslnrnktae treafodor 
not at the time of CAB. Finally, the unique patho- 
phusio^iic ih^icMiOiasof IMR, ana thr errm- 
..Isi",. ... cbd rnaerdit ттесЬоие^ tp 
rhdtnsrf1stlysepm F^Ilunаtely«w dataoan hsl" tire 
suagetn сгоп,^ shecesifO IMR repair. _ y

A cernmno.^mgmaXinidlr п ЛаМС^АВ .acts w,„ 
eotisiAnnhaimdme poahmmatelMRi SonreUmestths 
will be true for the patient who has active ischemia 
wifrr a попАгаттиЫМ"^ „egfonalw^motion
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Figure 10.8 Patients with 3+ MR who under
went CAB alone had persistent MR in follow
up. Intra-operative downgrade of MR grade 
by TEE should be ignored by surgeons (repro
duced with permission frum [16]).
TEE: trans-esophageal welocarBiggrnehy; 
TTE: transthoracic echuparcliograpey.

abnormalities. However, the majority op patients 
who have had a transmural infarct have a more 
fixed defect, with geometric changes of the ventricle 
(rernodeBng). and tbaredore ак„,нГ bypass hlcne 
would not be expected tohbtvnnatd MR. Tbenroup at 
Bnghani and Women i^o^fiUdstudiedpnients odRr 
3+MR and found thiilaftdi СА) atone, Aid apRcoitr 
tinned [16,17] (Figure 10.8). At the Cleveland Clinic, 
we looked at patiente who had_W+ MR He-J, was 
left untreated a, the UrnMrfCAB|18| A„,a,o„C. of 
the patterns etdaet aUttyed a12d-MFudrti.no «ty- 
up, or progressed to 3 or 4+ MR (Figure 10.9). 
Forth™, in a |1t.rppl,olfi1,llsd°l nwoup, dtf 
survival was worse horptftottts uaAo bad MR 2» 
underwent coronary bypass, than for those who 
underwent CAB bn, wlsp doOlei MR .FPgure 10.lU-0 
Similar findings were reported from the University of 
Toronto [19.201 Thu d,d owt fipdmduord renbnad 
in those with rndd drdidherateMR.dot tAeyaorntP 
decreased event ft« riareraadand woeee Prte ld„e 
tional status [19] (Figure 10.11).

Papers have indlattoed bleat if MRie yoreecftd at 
the time of CAB, then late survival is better [20,21]. 
Not all studies wouddagaar avid, dey hnwnner 
A recent study horn WpaNuntdn итупгаа^  ̂
no difference rn .tirAvaloapaheuff «odr 3-1 +MR 
who were left untreated |22 . HdWbves, padents w,th 
untreated MR were geoeiailyridU ppOenln ondetpo- 
ing emergency .orsapriuad id itanndd wai UnnteU. 
Other retrospect,» studies feirnd no difference p 
survival [23-25].

A random,red, „Piro рг^ rnaytb 
determine whether there are survival benefits,

50

40

vio
-o fl

io

io

Time 0log scale)

Figure 1R.P Cleveland Clinic data demonstrated that 
pttientswltl PhMR before coJrnaryRWeelySWe 
had aersiitent 2+ MR, or developed 3 or 4+ Tm® 
follow up (reproduced with permission from [18]).

iigure 1i.10 ha Cleveland Clinic study the patients who 
haiuntrertid2+ MR at CAВ wors<1uwival№an
matches potieitithat had CAB but who did not h|S 
MR (reproduced with permission from [18]).

MFudrti.no
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Figure 10.11 From the University of Toronto, 5te evnnt free survival wasbett86 in putientswithout MRundeiooing 8AB, 
than in those with 1 or 2+ MR (reproduced with permission from [19]).

improved ventricular function benefits, decreased 
re-hospitalization, Fig improved muality of lify in 
patients who undergomitraovalveripah- alongwith 
coronary bypass, insteuB vO dnv, kOCCC alonf. has not 
yet been performed, -hl u rn,Z™y Tire evrdencs 
no» „ accnmnlabnpnhoyrsewnehatnrtgeelms era.n, 
expenenced bands Ore morbnSftnof tdOrngrnrtral 
naive reparr to CAB rslo» CAB rOsnlfwrUttkedo 
add significant suretowl benefttOopakenfs wfth loth 
OX and viable musdu l2tt-3tS]. Tits el lire
prospective multi-center Acorn CorCap™ study 
mdkate that removing rn coiteebuig hls onlunee 
overload Iron, MR led tn intprnbrmeot ra ventnenOar 
functron and size. Ther^c. the wetr-tt ttOthe eon 
dense seems to be kseanog a lower hrmshold tor 
mrtral valve repair horhCUBehM son-gent,owege 
taught years ago Puospecltkeksolr „rT^rolp eio son 
tins out. The ACC/AHA Go^deOtene Oo ngee rnswer 
this question [15].

IMR surgery
What is the mechanismoflMkiand therefore, how 
is it best repaired? In some patients, would mitral 
valve replacement l^MRbettrgqition than mitral 
valve repair! _

The mechanism. tel sOrornctMR me eeeupko 
Most often, there u. goslonoc uftotebbo wisO eon- 
tncular scar m the distribution of the circumflex or 
right coronary artery, ТЫ- Ids to localized regional

Oi guo ro. Ю Peiionts with IMR frequently have a complex 
jel of MR thrt onises from the medial commissure (P3 area 
according to Carpentier s classification). The jet is second- 
try to numeroes factors including ventricular remodeling 
thai tether- tlu-p^terioupa villoiy mrecle(sveanimaiioq 
at httef/cvhooh.nmh.ocgS.

wall mnkon aboormalitienfrmqueii ilyassociatedwith 
vintricuhrdilation, rdrop rn ESe inmresse in ventrim 
ulae nnlomrv aid remodeling to a globular-shaped 
heart (change In sphenc-ty- [32.0-,O1|. OaplUaoo 
muscle tetherrng msrncrcdoenre CmnsnOurtype 
111В), especially ttt^^g lOo nnknil mnuocntite 
(Oharfe-oreiilmg a hompleaiet ktrat tt pruhonnnarrtly 
^veOrnt^edinr a,mmi.r»e. hoc kite, dsn atay ono- 
nuteoihtotortn.htttralcomoiuoareSSCtSeirhrt gFtgore 
10.12). The valve kPtac aud ohordee to tog
normal, but recent studies have shown that they are
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Figure 10.14 When the mitral valve is severely tethered due to ventricular dilation (right panel vs. normal on left) the 
mitral valve leaflets are pulled toward the apex. A variety of echocardiographic measurements have been used to 
quantify this, including mitral valve tent height (reproduced with permission from [44]).

stiffer than normal leaflets aed haae a iillcrniv Oww0r 
chemical compositiqn [ 315]. th shouldbenoted thetin 
rare circumstances there is severe acute MR from 
papillary rnu.de rupturr oatbeor mi Warcttouadh 
fibrosis with elongaChnofthepapillsirymu35]ei dree 
causes prolapse but both uf ttate arr mud, levt 
common than the cbassiareffnatibu ultlrt leaflett 
“ P‘“ ”,,h ’mbricutawaieatetig Irene dreamt 
isclremic cardiomyopathy Milral aunbtar mefien re 
reduced, and the typiffl deter-P,mens,c„aS anrarlat 
shape is distorted |M,PP|. Hsstotreallr. the med,cat 
profession has beheyeddrat thcc ekdeton M the 
beams fixed and thrtrfutbfiiancteetargptiearetb», 

not dilate. Howeyea, aeyerad rerent ceporh rnthcyte 
that with idiopathte end teeheene. catdircayepathe 
the mter-tngone areaddaart acwedas hen nratertnr 
annulus [37-40].

Iii summaay, chronia IMR lypiofliy ir oaused by 
vantvicuiar Infarction anOremodnloigthat leads to 
leaflet tethering (primarily at the medial commissure, 
P3d nHafiontevolving both the posterlot and ante- 
e,drhnttrtearg™) гпппЬ». aud dtae^es td leaflet 
pyhbtmR The MR ,at tt cantab end ecannfiscand 
уГУ-У» n,Сens,tydcpendlngon toots seehas 
prefeadanУ _atSrioaU. .............................................

la musto„cty„sHnrann,ehtemmre mthaatee flrnt 
mural rrprtr a assooiatedwid, t lteddemo,CdhbntCuno 
mmafvaten replacement ССРЩС^ГП Hcweyer. drere 
ttu snheettwhen „„tml hahr tntuh sPtws nesnr- 
„yel „dpelUageovef mitaab |4t]
(Й8угг ld.l3t. Furdeermoie (ПИРогеhebtontrated 
iir.i w«h severe „tltridvahte Oetneffngl whacd it 
reOetreP daeth» „«С „mat ealan eoaptaUpn 
depth or tent height (Figure 10.14), that the leaflets

rnu.de
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Figure 10.15 In a series of experi
ments from Stanford University 
they found that fixing the septal- 
lateral dimension (or anterior- 
posterior dimension) istgumost 
important aspect to maintain 
valvular competence withyMO.

are so severely tethered that repair using annular 
reduction may not be sufficient to restore adequate 
coaptation of the leaflets [44]. This then would lead 
to residual, or later racurront, MRi Howhvred it sliould 
be noted that these su^eonswmaunngasuture-only 
annulophtsty teelintquefornntotd vaevvrevatr[4ntlTS 
study, chord-sparing mitral valve replacement was 
better. Modern techtikyiesof ohorv-sparinv mitral 
valve replacement nrttn tehee dye alsletuttous effats 
of remnynrg the sutabnStu apparatus [4f|. la a 
small senes of our palievts.Mu tout d no tMtesentu as 
survtvalofreparrv^suvsevbrenmitfy^pdt-enBadtlSs 
severeLVdysfonettoulim................................................

to summary.,,, shots -Прппип-е.т аЛпоя ftt 
studies, mitral valve repare trumr to bsbenfathiot 
replacement because of improved early survival. For 
those with the mod „erutethenng rfthu krrPlebg 
then drord-spar mg nntreS v—ve replecemebrmevbo 
an acceptable alternabpe.........................................

The drrnce of »touh tnrtotfremur ltunvUsplefSv 
nng and tedrntqnr.hat Ои-пар-Гюртл-Р Thave 
recent pieces of evidence help m this decision
making process. Fnn, sqpountoUU ovOdtrnco Horn 
Millers laboratory at Stanford University indicate 

that fixing the septal-lateral dimension (onterror- 
posterior) is the most important aspect aomaco- 
tain valvular competence [40,43,46] (Figure 10.15). 
A comylata temoddOrg rrng -hat »1V tfo -hr -ерЫ- 
lasrt.el 0^6011^ of 01^ annuists Ovst atcyntphthes 
Sa got- d43].&co„n, humart aUmth horn Bnanel 
(Flgure lU.lhl.att well aibavenmonttJ vtoghvaftoo 
ataeeeofd.ae,Utl^Jnrnerr,tnr,fVa„uЧ,luanoll .ndsna-n 
aha- be mSar-S^o.» stant dttaes [Cv-US] A faebk 
”„.“ a Srss d»raFiet„a1neen) rotpaУe„eStvtth 
t-ndmm-tmtahp Ьссго!» centteooua a«or)eU Pv 
l,ete^-^usolre dsta.no Fondti -tud-et eta„g,tVree- 
dimenn5teal echos rn husnonv Uanv rtonvn -Vet tVn 
pattarif ofanrtnlardtlattod ord ted-ernsv o- the 
1mtfelieafleB»^y„tme,„rшseanents„sd,,sar,am.; 
cardiomyopathy [34]. Tethering of the leaflets m 
nadanraottsh,atoparofe Sttod .andiomydptnhy nt 
meV™. uPfor^,emal oeMra11 and taooln(-»srfg 
^poudmg rae Ft. P2- and И). but tire кЛе™. рта- 
<10110^ тле тлЫ ,as_prot tPdtto tsdreimt 
cardiomyopathy (Figure 10.17). From clinical obser- 
r-1e[oeanow,tll ffiets studies -(-nfitming rhe vmque 
aspestf at.ischtnnc umVto,nuupPtlOS -о ^^0- 
that the ideal ring for annuloplasty m patients

dsta.no


Valve surgery for patients with left ventricular dysfunction 161

Figure 10.16 Autopsy studies from Brazil, and subsequently animal and human studies, have documented that the inter
trigone area dilates in patients with ischemic and idiopathic саМютуортУу. Ths hatimplidaOions regarding the use of 
a complete remodeling ring versus a partial band (reproduced with permission from [37]).

Figure 10.17 IMR is asymmetric in that the jet predominantly originates at the medial aspect. This is due to tethering of 
the valve leaflets at that area, which is markedly different from patients with noimrl dymmetric closure oatheaahreL 
and patients with idiopathic dilated cardiomyopathy also have sammetric tethering (reproduced with permission 
from [34]).

with ischemic cardhomyopafhy would be a waom- 
plete remodeling nngtbat was rigid, reduced the 
septal-lateral dimension, and further reduced the 
P3 reg™ (the she ui the meet extend,io tetOpttttg) 
and conformed to the rhtto-dtinenstonal annular 
.tape caused by tens,on on rhe tumtdn. at „he P3 
reg,on. A new r.ng „as reletded n, 2004t the 
Carpentier-McCarthy-Adams IMR ETlogix ring

(smp didcloaufeaVend pnf tht Pook (pagu 305)). 
Animation of the concept of IMR and reduction with 
an annuloplasty ring (Figures 10.12 and 10.18] can 
Ut viewed at 4ttp://cvhook.nmh.ohg. Barty results are 
e«oeragnrg|4e|............................... _ ..................

Thr arr of foe „ygaaad fol MR or tdoopBhie 
yarVieniyopathy ,s en^,enUh■шrtCh s/naUesfoanfos 
patients with myxomatous mitral valve disease.
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Figure 10.18 Animation of the repair of I MR 
using a new asymmetric three-dimensional 
annuloplasty ring can be viewed at http:// 
cvbook.nmh.org.

Figure 10.19 While patients with heart failure from idiopathic or ischemic cardiomyopathy may have leaflets that appear 
"normal" in terms of the morphology of the leaflet, studies have shown that there is extensive stiffening of the leaflets 
due to changes in their biochemical properties. Since the leaflets are not elongated, however, generally IMR patients 
are treated with small rings (26 or 28 mm) (reproduced with permission from [35]).

Patients with myxometousmigeslvalvibisease have 
elongated leaflet lengSh mvolvrn1 both ihe <rntsrio8 
and posterior leaflet, especially when that leaflet is 
flail 1481. On the nil,at bondw phtim.B Л iuehmtira 
or idiopathtccardiooidhpathy hava valvre drataopear 
normal (Figure Id.ltt). Wbtlo ptOavots osttO myn- 

omatous d.aeaae may need Iarhern)gnl32-h6ntm 
are common), paOents with .cehtmn fnnvlinnal 
MR generally re,tare anra” Ft notmahnre rmgt 
(26-28 mm). While using a small ring m patients

svite myxometouf distasemaycoatribiiSe tosystolie 
anterioimiitioii witli LVouoflow tract obstruction 
(especially with a normal or small LV cavity), in the 
svrnngo^f oandiomyopalhn (nenndvtesPtaddotni LV) 
eVnytnoorvehnrcalaovceen...................................

the nndotlyrng (opbkrnin -tnheimenaadeomn- 
opatVy bnon-er, no the vhanteenithn ^1- 
cular geometry that lead to tethermg of the leaflets. 
Opet.awioiiphaae been su^ented nan reepto ebth .ethrp- 
mg such as: by moving the papillary muscles with

cvbook.nmh.org
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Figure 10.20 The Coapsys™ device developed by Myocor 
was designed to change both the septal-lateral dimension 
of the mitral annulus, as well as move the underlying 
pathology; the enlarged and remodeled LV. The animation 
can be viewed at http:Figvbeo0.2mh.heg.

sutures [49]; recoiistriictitigthvvrritnLiilareeeillpos- 
teriorly for a posterior infarct [ 50 ]; placing a balloon- 
inflated device outside the LV that pushes the wall of 
Ле ventride tack to.™„;г„са1Ларе [gl|h„v 
extending leaflets wtdr prnt;ardauni[S2|. . ^

One device Л treat IdlRis afleady inhuman 
use undergoing dimpol „[аЬ. ТЬеСоарауат^™. 
(Myocor Inc Murixeapyles, MN„ iw e generaOon 
beyond the Myosplint™ device (see Chapter 11 on LV 
reconstruction). The deride Medes p „rnglr trans- 
ventneular spflut and pads on the ииЫ surface mN 
the LV. Another pad„s plyed d Pse right yantrick 
(RV) (Figure 10.20). Tpeproceilpp) ispiryormednff- 
pnrnp with echo guePanre. WsPh eonPyneaus eelro 
monitoring, the padparenghleu^dnehl MKreduepp 
andta eventually elmRn)leFl|nA.10|.Onepaeooc ide 
LV is positioned at the level of the mitral valve annu- 
1ns. Tills pad, during tighteuldg, „nfls Лг nnosterinr 
annulus toward flieiintenovleaeiet, OsecePyduitoas- 
ing tire septaHateraenusiepstoPi „Ueenpritd „at. op 
Ле tree wall of the LV.iepearhye ynгep„oepa„1[epry 
tnu.de. Tins pad, niPne essgthiteneyi priindrmge rhe 
ventneular shape and deesaesn Ле distanceoethe 
posterior papillary murelewo. the nrPfal anndepr 
Tire concept can be mewed m Phaeeep,mens,onel 
arnmatrnn at the wehshe lrtUsnГrCЛe„k.Pd,h.org. hhe 
Coapsys concept aPPressps hoP, Ле ^-Ia[pral 
annular dilation and the lateral displacement of the

posterior papillary muscle. The Coapsys™ device 
is being stndied Sdlreae lP1 Oe the Ranhomrzed 
Evaluation of a Surgical Treatment for Off-pump 
Repair of the Mih.pl VaPve (RESTOR-MV) tert, 
wind, is ongoing rn slid United Salea |5Pp. The norn 
randonuzed TMCE teel wen performers tr.its.de hrc 
United States 55 . T„,s device p the hrsi of ht kind 
tliat will treat both hp mnuPn pendtempot paUents 
with cardiomyopathyapgveiilnThCar reinedetrng 
tliat was the initial canne ufMR. p

!„ summary, „Phivalve sudgepy forpahiirte 
»„h severe LV dysfenchon anP MR ПиКмУ  ̂
hrgh risk and withonty lunilen eOeri,naoPh.The 
outcomes and hence has mpghsOog, however ase 
changing. Several сепе^ hep tefff ef^mnaal 
valve repair in these pahenss w.hy aecepi.pbie „„Hah 
,ty laid iniprovememe.pt oa„t„aular taphetn end 
volumes m,proved<auahSl1dfh^eSoolOspe0e„t,anP 
improvedNYHAcIhht |5PI.Thme-pnd eve-oe.ereue- 
V,ValaPP“ 'о b' I™ ПоОС ““„сСоР И Р--«1Ы[Гп 
iVillil.ln.ma.ioo. LVdetmcmnand oo^y.^eipUieae 
Легару. The recent conryleteH СоаСар™ eTpdy 
fort,er emphasized hoero eonrieidainuIhspeyirp 
prospective, randomized surgical trial [14]. These 
гeponreiooekthelp Red Pe wiper a.opteon otalha1 
oshie oidgeppfm pehener st hV „«ати. in 
napereP r^n Р^тЫе to helup cepIaoanгsm 
Because of mter-tngone dilation, and the desire 
to mprnrtn tp^ehietsг^^lerat dymPosio„s eonepleee 
sodeddpt1pn nhps tldie are rigid nnd крИ tOe„ shape 
appear to be the best solution for patients with IMR, 
rttowiiee „..„„„e MR mpp epeeear I^SOI. An 
aphnndimpnef^has mPuemes elpsvraoehгe„,eУ,o1 
aommlssdee ehows oeeooeapldo eaeldsae^lttsfot1MR 
pelIedln Venmunlap poInhoos еоЛгг heneddh Стеа 
гиггип! seco„s„uc0vemtcoeгtO dew Pon,pee get ure 
hnnudcyf shouUallV to sp.p elVecUyeutess pad 
Ppea1uuPЧloSoaртr.emaU1llfofS[1^0e„to»ltt,el^^e1Stoe 
P^MTd idoihmn n^auO,plIotn„o^ln.ы>tЬe еЫе 
лпеатит epsml yaha cs,.npney<e tn»iУУ<.•tr- 
spnrh^g nihrauvalye odplaefmeM(al„„st uPeaph 
usmg a tissue valve) is a reasonable alternative.

Vricunpid valvesurgeoy
whe trianpp^ valve is frequently overlooked when 
c dticuse e with valve disease. However, 
TR is very commoT itiustieiitswithhesrtfailure

tnu.de
h.org
tr.its.de
iniprovememe.pt
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(3^+ occurred in 34.5% of patients) and predicts 
mortality [1,2,60]. Very 1 ittleiswrittenobout the tri
cuspid valve in the literature, especially surgical [61]. 
Only about 10% asr»w Rcparromwritcct of out 
tncuspid valve surgery ai amwnttcn about irniml 
valve surgery. _ ...................

We investigated the Cleveland Clinic database to 
understand uurepalrnd TR to patienbg »bt, uaaew- 
went mitral valve surgery. From 1993 until 2000,5589 
padeuts underwent „tral ralve sargerywldtant tn,- 
eusptd valve surges al sta Cluveland Orme. Pre
operative echocardiography showed that 845 patients 
(15.8%) had either 3 or 4+ TRvtlvarefosa, in almost 
16% of patients, the trknspvt vafe eaa, mat aepaured 
despite significant pm^ddveTtt. Rrsrosneetterlw 
tins may reflect the preootKeheednotiou that fo Ke, 
,ug nutral valve snrgtty pulmonary aolery (—i 
wtll drop and therefore TR wPl vetvlvn,l-„ay aVso 
have reflected mtra-operative downgrade. The pre- 
disclrarge echo aftav roohaat palpa stoge^scowrf 
that 9.0% st,11 had 3 ord+TR.TOerefore, TR tte 
not consistently motive aidv tcrtval vRna au^. 
Furthermore in the urvot raaenv Oohow-op oalrai, Ttl 
had increased to 11.ao/at sott peraiitoader ortttal vaRe 
surgery. However, пм-Г»™» tbr hrriTptd vote 
d“ was very ram (0.0*4 0oat v1 Oto may Tv due 
fo the htshttsk rf porfeavmtaraerurgutvtserurnary 
m this setting. Studies from our institution and oth
ers showed an operative mortwli'ty of 3o-3o% for 
patients who uudenoena rnwooemflou rrngerofos TR 
after prtor rnpatr РГ-03|. It, a™» hom aor 
database study and oflreor, wne covdudod Ttrt TR ai 
not repaired as oftenasitthmthO (petrd tl M-roda 
pets,sts,fu„mpa,ma|61.U.Or6|. . .

Studies from oca ibsSitutuidi and «Пог.пЬо 
showed that ЛаИтиа. TR it l„m0urMruшOoonnr 
MR tu that followmg .uu;anfulR,nutg.d valve 
surgery, the RV will remodel and RV function will 
improve |67,6S|. tar ucrtso °l ClomlauT Oink 
patients who underwent troOaaed OR wnvgery, there 
was improvement n RVvotu„e1(F,gnm И2Ц 
and function (Figum 10.22), aftet cormcfron ot .sm 
la“dTR[61L.......................................................

Functional TR also sr sornlor to fonotional MR n, 
that effect™ cons«nnr mpanbasbean glttetye. Wa 
reported on 795 patients who underwent repair 
for functional TR front IVUOlo T>R1 i01i O4art01. 
14% of patients hadSee 4^ v„ рт-Лткагго 
echo, and by 1 year Urr bed .vcrnaeeU .цпр-гсзОО 
(Figure 10.23). We then analyzed the experience to

vgrrw ho. 2( Fdrowing is dated tricuspid valve surgery for TR 
RVend-tyttolic an9 end-diastolic volume (RVESV and RVEDV, 
oaraertively) dropped. These 0re similar to the changes seen 
following mto-ar aplve repair for patients with severe LV 
dysfunction (reproduce<iwithfoe2iiFsionfrng S67]).

Figuro 10.22 FollTwing isdated tricuspid valve surgery 
poor vatienss with yR the RVEF improved. This was associated 
with. dropi oRV volumes (reproduced with permission 
Rem ti—U.

tigutola.rзeollgwing isolated tricuspid valve 4^a'r f°r 
fanvrionil TR (xe-dtaharge TRlfersisteA^roxfliately 
10% wt gi1chnrga rnd 3 or 4+ tricuspid rose with tiY® 
(reproduced with permission from [61]).
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Figure 10.24 Patients who had 
severe TR (4+) were more likely 
to red evelopdR following repair, 
and 3+ TR patients were also 
more likely (reproducFiurVh 
permission from [61]).

determine what were the risk factors for fafl^e. Pre
operative 3 and 4+ TR patients were more likely 
to redevelop TR (Figure 10.24). Not surprisingly, 
bUt„everanal„eabeforminefenha„hohaaal,sk„,ac 
ireut transvenous pacemaker that C4„tR Are h„- 
cuspia valve „ere *o her more IMy to redevelop 
TR (Figure 10.25). beUwite lbat hahruhuae aratuha 
plasty (DeVega technique) also were prone to have a 
very high recurrence „Г I h (Hgnre 10.26). Ou lle 
other hand pat,eutsthttthae e aasiteCaapeabertn- 
cuspta repair rtng („gut ne^-chohph»eamehhhd»h 
mcrease over time (Figure 10.27). Patients who had a 
flexible baud (CosgmetMeiwaniat htnre tore etabk 
tlrau those who had teedrUdehhgaeepaia.leuadsohevel- 
oped recurrent TR during follow-up (Figure 10.28). 
Risk factors for early fai'lure werenotpulmonary

Figure 10.25 Patients who had a 
permanent transvenous pace- 
maker(PPM) wire that crossed the 
tricuspid valve were far more likely 
to redevelop TR following vhlve 
repair. By 8 years approximate^ 
60% of patients had recurrent 
TR (reproduced with permioion 
from [61]).

iigure 10.Г6 Patients who hae suture tricuspid annulo- 
plhslylaheDevnga technique) fere verdikely to 4de- 
vhlap3<e4eTRwer time (P = blank) (rep 
permission from [61]).
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Figure 10.27 The most stable group of patients had a classic 
Carpentier tricuspid repair rin^Ogid neafompletfing) 
and had no significant change in TR over time (reprodYeed 
with permission from [61]).

Figure 10.28 Patients who had a flexible band (Cosgrove- 
Edwards) were more stable than those who had a Devega 
repair, but also developed recurrent TR during followep 
(P = 0.05) (reproduced with permission from [61]).

hypertension, advanceWNYHA fumptionsSclass,nehd 
for mitral surgery, orsmgsote. Since ihispaper.afdi- 
tional echo studies indicate verysimilar seselSs to 

mlfral 4-. ;.tlnr.. tadivaingoNYHtrfu 
cuspid leaflets due tu a d.laledRV ».o a ngu.Zcaui 
risk factor for failure (Figure 10.29) [69,70].

Today our approach id Tit Irau egolved, Xse larjee 
pan based on theserecent atudses and our euperv 
““ treating patterns »t10 heactfailure. Forpehiuts 
undetgouig couvenUoT.cS atrgtuy icc LV ess,th dev.ee 
(LVAD) „plant), die pestoem tneeoH repast st 
there has been »2+TR cat precopemhbe eaehies, 
We,gnore,ntra.opeueegeTRd^,hhgradlchTrsPLrgiy 
surgery ,s typically aeefcomed on ibe beatrng heaat 
(after assuring there re ue РГО n ASDT vlVe the 
other components of the surgery are completed, and

Figure 10.29 In an echocardiographic study the most signifi
cant predictor of recurrent TR was extreme tethering of the 
tricuspid valve leaflets due to a dilated RV (reproduced with 
pfrmissidnfcom [69]). RA: right atrium: LA: left atrium.

Fi 9 d i S
pmstteforeweanmg frdm firdiopulmonerybyaas fit 
there is a transvenouo pacemekea iorimpeaniabii 
cardioverter-defibriSlftmrs, ICLim wire iA tspuihom 
Into a commissure <^^ rW пеауиВ aod 
this commissure is closed with suture. If there is 
4+ TR. and/or extenseee highering from RV PMon 
then we perform bicuspidization of the tricuspid 
valve by using suture toexcludatJou erosteciosleaflr, 
before nug repan. ttalTv. smrps '. mih
des,gued for the un,eoe.tbIeecdlmc^^s,nlnP^pnaiz1d,h 
of the tricuspid valve is placed (see disclosure at 
end of thebook (paga .^«5*1 еее»^-! 
do 8 chord-i0armg tricuspid valve replacement for 
extreme RV dtafac and иЛиЛ» Thq АСССАНА 
Practice Guidelines • • •. valve vue-
gerndeCoagFl « W fcr seecee .рсиреггМОр dptearai 
spdClaeDnbrf the patient is undergoing mitral valve 
uusgeryandhas puIrnanmy 1Gperte1rn oc adilrded 
annulus [15].

AocUPo vaet/e sunCerry bn potients 
with LV dysfuncOton

. .. frequently see patients with severe LV
dysfunction who havoetthersevere souSsemehffip 
ciencyor severe aorticsten osis . ThsseUwogroups of 

haca h/storreaflo bees couprdeeed --.С risk 
Poo s^n. «еамОиИ inbecte tlsassergrtg
eae aday ата,о„ок fhrthls orouphf рМ..

Simkas И pifhenh seothMRored LV ХиеЙпеОтп, 
causnes stub et^re .con,c,ncufflr1ehey гхгП№ slyt- 
function suffer from volume overload, ventricular
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Table 10.2 Characteristics of patients undergoing aortic 
valve replacement for aortic insufficiency unmatched.

Study group
Table 30%

Control group
L l/£F>rO% p-t^ak^^

Number 88 636
Mean age 56 ± 12 52 ±15 0.001
% Female 9% 23% 03302
FC III 33% 16% <0.0001
FC IV 8% 4% <0.0001
BUN 20 ± 9.5 18 ± 8 <0.0001
Mean F/U 8.2 ± 6%ceart 6.4 ± % years

FC: functional class.

dilation, and reduced EF [71,72]. This can con
tribute to ventricular fibrosin ina collagen deposi
tion. Patients presenting with very advanced LV 

and heart foWre Wavs beec, cnEvUerid 
for cardiac transplantabioe beeves conventionaS wis
dom has been that tPa- gpttie of ppibcnts have trh- 
vers,bleLVdysfnncnyst,ooeriat,ve„ionat,iftaiSiaboUt 
10%, long-term mnaSahSy t b.gb, „П оп- aftw 
»,U have a me.rningftd secone-yaf LV taut™ 
post-operaUvely [73]. Became nd ehicperaopnnn. and 
. observaUon hi, te no -anger apptatfd tee Le 
true, we reviewed the Cleveland Clinic experience in 
panems who had sevrfeiao.ated tterts nnBbfficsency 
who underwent surgery|72,7d|.t _

From 1972 until 1998, 88 patients were identified 
wholiadLVEF %30tri,and636patientfweretheaoii- 
trolgroup withLVEF >30% [72,74]. As expected, the 
patients who had lotvoFItae. moot advaneednymp- 
toms, and these were alsnalderpati-nts(Table lO.a). 
Hit group of paficiateatsn tat nmresever^dited 
end-diastohc and end-systolic dimensions than the 
control group (Figuaa Ю.-ф. OvataU theta," 
mortality for patients with severe LV dysfunction 
was quite high tat, gite 0070. be- ЦрИе»* 
decreased over nme (Ftgnre 10uti. In """ haO 
not been a death m this group since 1986. Like the sit
uation with severe Mo and LV dytfunction this sec- 
torically was a very Msbu* gconfiae paduifr.Bnf 
we were now able to neutralize those risk factors. 
Propensity naalchinn„«1., „1.
Survival for the marched grtasp was hiwei Staggsr 
group with severe LV dysfunction (Figure 10.32). 
However, since the ". ef a - tad unde e 
significant impact on early survival, two groups

LVEDD: LV end-diastoliidiameter; LP/EiSD: LVead-ssstolic 
diameter.

iiouro 10.37 P-Cients who had surgery for a low EF with 
severe aortic insufficiency had9 7igh operative mortality 
dtlae tneh9h0idnd early 1980s. However, by the Da| 
1980s this had been reduced and the operative mortality 
s.,cw eienwaszeio atihe ClevelenPCiiniE, ondnotstatig- 
ticf ex sienitonde diffesent trompatiantr witr anotmal 
tn end senere aurtic insanficleacy 

were seated. One showth pro-erted turvivcl for tPse 
matched patients if Eheyhadhadaurgenyml98S, and 
the other if they had Pad sutgesy rn 20П0 (Figure 
ae.ЗndhlretupWvaldeseeSete^eO.de„K.tdemtrPe7 
2000:0О*“О» "“"bo earpt яо- •"'iL.'d sunvivni, 
Whuld Ьesi„iU„■ fo Lehnaiie »«h Leeics „V foncuro. 
Shiteef» ha^edpssst-opueacsc cmpuseenontin 
BFradufbonio LVmars.atid t ш^атеИ nd W 
endutasfohe Butens„u,nc7 ioma IF.gnru fO.Wi).

Fsh„k there mtdsasnwo ch„auPdetUpt patents 
waaadvllnceU LV E^Sencnon recovd.My »o„« 
aortic insufficiency should be offered aortic valve 



168 CHAPTER 1 О

surgery and not transplantation. Their operative 
mortality is no longer pcoHibitive.Early and mid
term survival should be similar to the group of 
patat. with betur hV tuncdm,. Howcpcf c™ 
though the risk w low, ЛаУу these pateMs wtll ha 
referred for surgery early because there could be late

Figure 10.32 By propensity matching survival in the low 
EF group was lower, but this included the entire time peaiod.

effects on their survival, and we do not expect ven
tricular function will return to normal even though it 
typically improves.
t _Л1 the nthiev ,«.,c sretbepatsrnts v,V™ 
EV dysfunehon rnd sevrreaortiestenosis.Trisgroup 
hi prhettts snap no, bp, vbkto gencmtc a htgh grad,- 
ent across the aortic valve. This group should be stud- 
ipd wide aububrmtmedbifruohhun™ to der™ 
rthethertlrrif r pstfPo-skoom othreaofbr valtd, 
or a true aortic stenosis [72]. Patients with pseudo
stenosis usually inereaseclre ssnrlirorOoedadawiiaftha 
administration of dohutainine as yenirrtutar fnoe-

improves. Ou the trtiref trsaid, nutseM. w«h 
severe ealeifie stenorisusilt not drettge ahrtte vut-e 
area wtth the mlns,on of dobv-atnine (figure hnd . 
Ir P“ akO Srun hpt eoosideted ht hr htgl, 

risk, hut a recent stdhr rnVacaeed tha Ous is nut as 
dmgerousasthoughthsairn. i s ь

We «... the onicomes urpaor„tfseenfdl>„t 

12t0 to 1998 at the Cleveland Clinic who had severe 
aortic ttefc with teveti tV Ь^т-аппре^в] 

Propensity matching was performed. The m-hospital

Figure 10.33 Based on matching, if a patient0ad surgery in 1980 there would be a diffarence in early and late survival, 
but projected outcome for surgery in 2000 showed no significant early difference in suraival, including at 5 years.

Figure 10.34 The group of patients that 
had aortic valve surgery for severe LV dys
function showed an improvement in EF 
over time, a reduction in LV end-systolic 
dimension, and a reductiur i i0VmTh
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Figure 10.35 This patient had very severe aortic stenosis 
from a bicuspid aortic valve, with severe LV dysfunction 
and a very low gradient. In fact, the patient had originally 
been listed for heart transplant. Further studies docu- 
merited the extreme calcificationofthesetveandchre 
patient successfully ufSarwentaorSic valve replacemant 
instead of cardiac transplaetation.

operative mortality for patients who underwent aor
tic valve repVicvmeng(AfR)withseverh Lf Vynfuicu- 
tion and a low gradient was 8%. A third group was 

from the d.eUafusc who were u« offereV 
s^ery who had tbes-vue loa, EF, ГоА-ртЛеМ 
characteristics (TabielO.ai|7S]. Vhisareup fvllow%l 
tire natural history nFpateeute »Wh uenperaberl avr- 
“ stenosis. Figure le.EF almrus ehe dats eamwaF for 
tire three groups of paramer. fCo gnu-pofpatenls 
who underwent AVU wholeada low giediaietwiW 
severe LV dysfunetirndiFnoe havgee high, surowai 
as the group that IruF luuhtgradientaorlK ntsnost- 
aud better LV taVruu. Howryae AwswuiU Oea 
medically treated panetrtsw-r ad>eh,rLh,fodlh»-ua 
dre nratonty of low EF UVE petianUi leal reteiued lo 
NYHA Functional Class I or II (Figure 10.37). The 
raostagt p..w, w„dy is ahat patluMs witbra^v 
LVdysfurocCioti and true aortic stenosis can undergo

Table 10.3 Propensity-matchedpatienfswhocndcrweaS AVRfoc AS(recroduced with permission from [75]).

AVR group 
fn = 39)

Control group 
fn = 56) P-value

Clinical data
Age, in years (range) 73 ± 9 (44-86) 75± 6 (58-90) 0‘66
Male/female (%) 77/23 7^ 0.68
Body surface area (m2) 1.89 ± 0.22 1.84 ± 0.21 0.51
NYHA Functional Classlll/IV 29 (74%) 40 (71%) 0.75
CCS Class 111/IV 12 (31%) 14(28%) 0.5S
Syncope 5 (13%) 8(14%) 0.84
Previous Ml 20 (51%) 23 241 %) 0.33
Previous CABG 14(36%) 20 (36%) 0.99
Diabetes mellitus 15 (38%) 19(34%) 0.65
Systemic hypertension 22 (56%) 33 (59%) 0.81
Creatinine level (mg/dP) 1.7 ± 1.3 1.7 ± 1.3 0.44
Multivessel CAD on angiogrrm 27 (69%) 18(62%) 0.5

(n = 39) 1^ = 29)
Echocardiographic data
Aortic valve area (cm2C 0.60 ± 0.12 0.60 ± 0.09 0.66
Mean TVG in mmHg (rafge| 24 ± 5 (11-30) 24 ± 4(14-30) 0.60
Peak TVG (mmHg) 41 ± 8 41 ± 8 0.83
Moderate to severe MF! 23 (59%) 33 (59%) 1.0
Pulmonary artery systolicpresrureVmmHg) 47 ± 13 52'13 0.04

(n = 25) .(1 = 34)
LVEF (%) 22 ± 6 23 ±8 0.36
LV end-diastolic diameter ltrs) 6.2 ± 0.6 6.1 ± 0.7 0.08
LV end-systolic diameter (crop t.OCr 0.8 3.0 0.7 0.40
Moderate to severe RV dysfunction 22 (56%) 35(63%) 0.55

Data are presented as thcmecnvalue± SDoc nember (%) of patients.
CABG: CAB graft; CAD: ccronereo(tecydiscase;CDS: Canadian Cardiovascular Sodety; TVG: transvalvular gradien7.
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Figure 10.36 We investigated pfients тЬЯЩ0Щ^ 
dysfunction, with seveAVR aortic stenosis and a low gradi
ent. A comparison group were those who had aortic valve цц|ащ||Щ||||М||щк|||Ш||шщ^^^м||Ц||^^мащм||м 
surgery who had a high gradient and normal LV function, 
and finally a third grougwerei36ntifiedwhohaea Paw 
EF, low gradient, but whoweretreatcO witi moOical ther
apy instead of AVR. Tieg га u-treatedwithmeaeai ther
apy had a strikingly pootprogah-is.aderh was adeeneaat 
in survival in the grouatd othad low td wi-hPowgradiett, 
but generally an accepta blaaatlyandlatewoihalley 
(reproduced with permission from 072)).

Figure 10.37 Change in NYHA functional class symptoms 
in 44 of 46 late survivors iv the AVRgroup (P < 0.001 for 
change in NYHA Functional Class lll/IV symptoms, pre- 
operatively and post-operPtively.e/ = number of patients 
(reproduced with permisuionfrom [70]].

are no single changes that can be identified as the 
major breakthrough that led to better survival than 
reported from studies in the 1970s-1980s. However, 
for mostof uswholareeboesinerformnigc.'U'diac snr- 
gory dnrmg tlus tume, О ap„dres Out msny tor. 
■ЦЦЦ^С ■ ntrripoperarfvocardtacprotectroir 7 
much better today Oorprtrouts with »Г™Ггь assd 
■И““ Atrtvyrade and retrograde, saadto- 

plegta became roubnsattPeCFevelarniCPnrc dr the 
early 1990s [7S|. In rddtbon its vsrng cold blood car- 
dmpIdgAV^y.urePtoPttvsca haSsAnt ofdardtn- 
plegta before tettmtme the merr stamp. CasCas 
pStomlpecositeyredioaebkwtAonlyAerore 

need for an mtra-aortic balloon pump. The surgeon 
4|s,be“r|n“,i .Ja.pad,bdllpplns,g..lh!lg|td!l..ce 

be sure that the havoi tr PntlyatresPrg. Orequem. 
mptodoeLs of cathro1dk^r,am thd poupadei roan- 
ndntedesjrdcidly tf dtrretr rvyerr LV hypestrophy 
Secdn-. pernoperatreemomldrrng and dee uss yf 
tuo-aoareo rntag rouohahdmpproyed.Them0odub. 
tionofthe phospbodierterasa udeSaior, тОлпоие, 
" ma n™ ese On tha mao»)!eme„t aO пЬо^ 
dataenta. Tdo use of this drug may cause systemic 
wasodbtmu requi4 dlgmTl™0 de "-ог„" 
ally vasopressin (rarely methylene blue) (see Chapter 
14 on post-operatlya о,™).^ drags hene addst a 
potent new treatrneut Pd ouo arssuaL My corn- 
pared to two decadeaagv оpaoоt,n„r dor yg nyenr 
versus replacement, and the prostheses themselves, 
are be tier. The Sta rr-Edwardr LralL|rl-eausv;rlve was 
common then and 1, do* uoh hudg Ore&pamble 
hemod>na„„ccharasPr„at,csoft)rgsbsldbdgrhdtevP 
“°gm valves, or brdethes „edsandpV Eaduud. dOtd 
hemodynamic pert™,on by Ле dnlde tn Pea enoly 
post-operative phase madbsgacu,lt„ЬuSpd Ua de 
early morbidity and „pttehtd observed er Ле aasly 
daysoVvnlnv surgery m this population.

surgery with an accepenablteNYty eod -ate imeasim. 
AVR for this condition.andfouthose wiOhtAt-and 
severe LV dysfunction, are both Class I indicators for 
surgery in theACC/AHh УructlsebmdeB„st )7h|.

Why is valve suRgery safer Poday 
for patients wveh LV dysfunction 
and heart faisurs?
Cardiac surgery has ahyaoseVthvopghassrissoS 
stepwise improvemfnts ovarthrpast decadeg. There

Co n elusion
WaepateShtet odvances, and publications in both the 
cardiology and cardiac surgery literature, operations 
for valve disease in paOnnCswith LP dysfunction are 
dtШrslmp.elyr^yecoDrsOer„gSste1dt!epeоubdoctuf 
pawintsAtr ,ь MoUdvd peotm 4nds ^кШатрупе 
oping morbditdaud „„Osdae n«b enpewtgl 
аоп81^ег„,«,,Иси1гг fanetton ул0ш1РЬ1««)pn^S 
functional class Mady naatente reMrdh norlsnq- 
pla^tsma™ ,u.toad able to Ire tmetsd ndhr voltd 
opnratonp or, if they are already on a transplant list, 
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may be de-listed following valve surgery [79]. Also, 
inadequate results of valve repair for IMR and func
tional TR have been identified as a problem and 

anlluloplasty riogy, bende-pts, уерУ use mfdrmrd- 
repbcernentdrmuld decrease^™,, 

or residual regurgitation. TR,th more fubefatuuis 
addressing the ЮркоУи-Гсс sarp-sy or genenVcrorrh 
LV dystuneUon, and as Che pmepeediaeemandonmud 
insl data horn the Coapess und Aeon, it,ale ate -up- 
hshed, then refettalafsi ddtntype of surged, dhould 
• 
mcrease.
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Introduction
Ischemic cardiomyopathy is the most common cause 
of heart failure and systolic left ventricular (LV) 
dysfunction in industrirOzeUnttions. The chapters 
on coronary artery Ispasssurphdy,valvetuhery,atid 
th,a chapter on teflt, tnrpery aPddes. the tdrii 
components of the snrgnraldpdroadh try patddnP 
with ischemic cardiomyopathy. The chapters on 
viability testing andcoroncry artery bypatsstirggty 
address the „„st conirnonsnrgocar drerapy oU fan 
fatlute, revascularipptipn to p.vble pre ,evp»athGb 
segments of myocarttbin. The cdaptceon vabebfa 
ease addresses surgery for functional mitral and tn- 
cnsptd regurgitation asMhtrtmdp with menotrlcnlar 
volume overload. This adaptor Vaels «ths suhpiry 
for dyskmetic and akinetic ventricular segments 
in selected patients rd» hate mrethed transtnncal 
rnfarcts and have gene o„ ra develop s.gmfant 
heart failure. Furthrsntoae, »c will Pnsenas the rnoro 
nascent field of digest oeuhnanlaoapprGiicGnr to 

schennc dilated cardiomooharOy ncnog exist-
naldeV,“................................rr. rs.n. e

M,g„„o and cofagncs y tied GkOdal Ubhrclion 
of Streptokinase audT-ssne vSasnimagdu aotinsSas 
(t-PA) for Occluded coronary arteries (GUSTO I) 
trial, demonstrated tpat„ithni„m,uteiCellot™go 
mУooard,almfarct„nS7%ofstentn^sdeтеhtpemc 
tncular dilation 11l. They also rhotood the, ven
tricular dilation „ a tyadkesfor pnor laGeoptarrrnv

Pattents with akft oeulryniurenl sf 
volume index (LVESVI) of 40-50 mL/nr, mortality 
at 1 year was 16% as rampart to 33% whrn 

LVESVI > 60 mL/m2. The process of pathologic LV 

remodeling begins as infarcted necrotic myocytes are 
replaced by fibrosis and collagen.

Ventricular ddatioulead st6ssvervS phrotoksUp 
irun svssdl,„peM,safalotagee mcltislpsg yccrrioed 
ргуосаг!^! „ah strata lobaydo^acdnd bepneir- 
fnsiom rncteased „yoom-hicl оспцо» ~-оГк111. 
ahirlpaelimcmmh,con aettvattone,d compensatory 
оилеего™™. medaemsms l 2]. Pystoiii wad pbc 
currelalh wcb „,ypoard,.clopnge„sp„su„,nl,nx 
rod may sirvae^te tnpocyCd Vygvmuphy.mtuegAid 
„,pootsteartapt™,ePrtsGntvS„dmИldGnn,ttsn[2] 
... anllaer„tnг„dvus. поР iSleped „rvocylc dcPnum 
bihdlen_ ^-81. LV ccmVchditvaaypevaera ovra a 
pertodtcf mneto a sSsyeot lxtanhlvettanr„tur Vccm 
6™-™™* аикеит-п! уе„1г^е„1аг wadl tlrrni 
mpg gicd гсцрИПс expansldla, 1з—8„Ч On i Vnfk„cOs 
segment, and the formation of a true ventricular 
dPltirysla.talfetnatrneiVlClinmPldcdmma.„lp.xrPc 
op„entctvdf.n!gre^macm^y^eat„leMhnrstЧfoo.lc- 
dial infarction including thrombolytics and percuta- 
ieour aoronccy intrlvsvlюn, toe inferetivn mafт ee 
hsclrdbefossh: teadcrprгansmurat necroiia. Acsum^ 
„.„Ргойеи rn-ol withv.aЬiurnmde.Wrurgcгpshl 
appearance of the myocardium is marbled, with scar 
ebP „udsoZeliИm»ifted. Mid dyifad агг^ст. am 
ektelf,c,wghni™Ь^tiai„nupB^fXlOlPi„^!<tcbe„a 
itig (G Us aonrnrt rfhlAгcedшn ™bSs 1™  ̂tS 
dreO„ls„tcemfarc„o„. ...................................

dig snhlePdd,d,sSdЬeaparG hc« tllecртcp„lsel 
e“id“Г-' thi V“,ndee“ rGlntssnhddlrfelat „ccie 
the endocardial layer. Ventricular dilation causes *

174



Ventricular reconstruction and device therapies for cardiomyopathy patients 175

(a) (b)

Figure 11.1 A dynamic MRI scan before and after left ventricular reconstruction (LVR) in a patient with a thin-walled 
aneurysm. (The cine version can be viewed at http://cvbook.nmh.org)

endocardial hypopvnfuriom, and cherv man ba well- 
developed extensive endocardial scar, but little in 
the way of visible epicardial scar. In these patients 
'here is no systolic bd^ inihlvpog'husnfare'nd 
segment, but ratherev loeeof xkeneiie.

Preoperative imahtnwis^ltelpfulbndisicnguishsna 
ventricular scar ftnm vneb^tey^dm^ta nvo 
experience magnetic resonance imaging (MRI) has 
been the most usrfnlsSugy tv mrc veabtlssa 
(ftgure 11.1). Oftev parents have fm sting pm 
mg and defibrillator hsvilvtanv nnd .areniivbletoget 
an MRI. Positron emission tomography (PET) is a 
good second choice for tlrcsimfoviknaPs. r

The remodeled paeeoleuurhglncstldh scar leads ne 
unpaired veutrrcnlasfoMcbon and реотееете homt 
fa,lure by several meod.rmrms.Ubsthm.diallsd Vye- 
kmehc scar often createsdysm„utivnen sheaeeat ef 
myocardium remote from foe rear 1» aid neas, oe„s 
™ circumstance, ai anforidr .4» Iremn left 
anterior descendiukarteey thAD) inhasa loads,о 
progress,ve dysfoncffottin thumrnmnerpormtadby 
foe circumflex and roghl 0™^»», Щ. dhrre 
dysfunction cat, occur „ей flnrugls three is no afoer- 
osclerottc burden ,e „eghree the anuemflee er nghl 
coronary arteries and is related to increased wall 
stress in the viable nodin adfdeenx e„ 1hp aneeohS„,. 
Ventricular dysfunction is also associated with the 

development ofvenlricular tachyarrhythmias, which 
are initiated from the border zone of infarcted and 
viable myocardium. Finally, aneurysms may lead to 
„,^1^ ftorn nudooesn,alLV thrombus.
iTbu goat оУ^чпогГ ehnrkrnih Am LV ьтто,,,,. 

e,eseehrei is tereoonsSruatfna diiatennueoeysm sneh 
ГЬЯггу^ sleern unproven tk foo onmoendaarnnce 
reo”1 area w,th.“P'ti'd bhitcUou aed 141x0^ 
effieieee» V-et. CsyoaЫaho„ oau oleo bensadfo 
s-ml“te foco namd^rtathetiirue ami .ah «„Ист 
bereedomb)s,sremohed

tTbe msgem era ofOV aimr-ysm st^etgsSii^ii 
»-» De. SSenton 1^ oefeoteS sas anterimf 
aneurysm using cardiopulmonary bypass [13]. For 
ma„e net- ansmysnt radn,eeoonftffsd rf -1^»»- 
m»ara removed Um thin Daieed eoar toMal И
the LAD, Mreiy rnrgeonsaummeieto n-nAeSSmloot 
-epa„t ^„„0^,, fos 190ase„osaugoemlela readn- 
Slfecnoir rnotmdlheenf ehasnfarmod ucpsvi» »ee 
eoece|uc^^nedmr„aU erh „nh^vaen-brteendet_i^et 
described by Cooley, Jatene, and Dor [14,15]. Most 
of mmso mmsm™ rfaonsteuetea She ^forn nsrng d 
lietsl, of Doi,-» or pee^hn^ss.nrdsgghU Jotere dad 
not era !«,* aec<,naU•g1gh,n fouttdety Mrrm «ьш 
temporary. deoenpflons e^f »ft dentnodlee .„enruc 
arnonen SPVR) haeet^phЫ-dseAЬehlf1s-nOund 
without a patch [ 16-18].

http://cvbook.nmh.org
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(b)(a)

Figure 11.2 Mathematical modeling can be used to approximate changes in wall stress in patients with an LV aneurysm 
before (a), and after (b) reconstruction. Red depicts areas of high stress, blue are areas of low stress, green are intermedi
ate. (Complete images can be viewed at http://cvbook.nmh.org)

There are theoreticalCmelhemmticabandobwwe- 
vational data to support reconstruction of an LV 
aneurysm to reverse heart failure and improve wall 

and cardiac funchSise. PfsatPensatal model- 
,„g prcdrcta that rcvcchnn of adysksuphoacae „th 
lead tea net .mprovament m aaddiaefencOon [il|. 
Following aneurysna reconstfuctifn,tnutrovomeMs 
are seen both ,,, „у^еЫохдаа conaumpftor, 
andn,yocardi al efficiency whtohlmdrtaarrenproyv- 
ment111 the „eurohordtonalnnliepoS heart faaluca 
[9-12,19-21]. These changes also directly lead to a 
net reduction of ventafcml.wwafvtdnnmyFigarehl.ox. 
However, resect,on „1 anakhnettesoarrnmytead „о 
an equivocal result a—1depe2ds nnlSee properttea 
of the scar and the adaacenlrnnacln. Nat allcaUeffie 
who undergo mconstsuctinu ofayabnanc ascawiU 
improve [11].

Indication foePVRfurgeyysn 
ischemic cardiomyopathy
Reconstructing an LV aneurysm, or thin-walled 
akinetic segment, shoald-ecrcosevcrtricularurlg 
stress and thereforesednee myocardialoxygen con
sumption leading tR an nsaretiae tr vayoovediaf ePf- 
ciency. As a result, an improvement m the heart 
latlureneurohormoaaiifaaedbaaktenoocffnilfdi111. 
The classic „Лсапо»^ NV atgevvn» ycfttuf 
include congestive lieaat failurCt oerehaal or e„sde„„f 
embolism originating from thrombus contained m

hheaneurysm,and)ersistent malignant ventricular 
arrhythmias despite medical therapy. In a practical 
sense, however, many patients undergo reconstruc- 
lion bauanea rhe sm-feoner almaOn cdnnmttadio 
caenaenbcaanv oVtrPffarmO.Cfhoie. msU yc „сП 
t„amcoro„ecyartaeo Ntnio^i tbreeeefset d.aaaee 
w,vh pemwe ^biho ■ssssUoSs nf «em rnstml 
аеОигу«1Пое(М1Ч. ........................................

bions practice, reoonsU^ndtcn tr peffoenrcd i„ 
thmsisadiSfaedtlue-walSsn teaeafrasm iCeat caabpses 
with venting the aorta or left atrium. Frequently 
"“os am adhehous fttrn lhe ttausptus.fl ntfarel an 
ane pfsiaysdium. Mnst пЛапЛорп anrnryeoisfecn, 
Ssp d,fd„Out,n^f eba dad LAID, (f those a. ffiCfnae 
saarmusedwlthnlurdc lnalSslu■eecs>aonas„terrlto-

scconl^ctannlsuydfrle„elмs-hore to arf 
a^drscseetseca^to recnnstsudelnouronknssfncc,walD 
Nvaacmdaa faamponanSias due prnssneeof near. Wc 
а^о™ areas SspO no pisck wcIIcO «tSlaoutylr- 
,bk scar or without fear iSaaS tit опрпооо- P. MRS. 
This approach dffinra trnrs аОа,-рЬ|„Ьу olnfss 
[ 17,19]. As viability studies are only 80-90% accurate 
in n „ниа»^ ffiedaoei upm, РстЯ
t^^nm ffie opnm-nsg scoot (OR),tSnckoWsSleP 
ntsssde eyeo though p^ahat sludseentdtoftoЬ 
поп-viable scarred myocardium. If there is any 
цо^аохтп .as wo «аЬПйр «ear na tffi nPerf earas 
mttop^zatlo„a„dfomuocfconЯrnalrn.MosSotSan 
^eatntianec^^ is pesaovnced fop c ttose dysdniftiy 
aneurysm, but if there is transmural scar with

http://cvbook.nmh.org
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Figure 11.3 This left ventriculogram depicts an anterior 
aneurysm that responded well to LVR (see the cine image 
at http://cvbook.nmh.org).

Figure 11.4 This patient was not a candidate for LVR in our 
opinion, due to diffuse global akinesia caused by infarction 
in all three coronary territories. (The cine version can be 
viewed at http://cvbook.nmh.org).

thinning then an aldnetip mmeswreporeconseruotevL 
Akinetic regions thatareamvnobketo reconstruction 
are most often found in patients who have a rim of 
marbled ep.card.al „nadngmd nan okenlRmgdenee 
rnbendoeardnalaearAk ^ .

The contraindicatioimto LVR around unuaO onn- 
traindicatio.rs to perforrntngsurgdry fen heRt6d- 
une. Pattern. who baaa.nnaacD rnohrype dependent 
hear, failure usually Th not ЬеппйУгот LVR. R 
major eonrorbrdmes гГпп1«егпкЬтра,г tan arnvahal 
and quality of Me do roP егогп, weDnD tRtt rnRropr 
dependent paUents ao brrt simeh toy tr.rnanltntar 
non or ventricular astjstante atdestnrrtientleetepy. 
Representaoee eenOrnoulogranisoe randndatrx mW 
discreet scar that oaaabe nafdy rateend Fi-ura ll.dt 
versus patrents »itL tMLiat snat secondirytn rnul- 
nple vessel infarct with no aRptmnteettnittbk 
area can be viewed at http://cvbook.nmh.org 
(Figure 11.4).

Techniques for tVR
Double cerclage venaaicolopltstv
The majority of our patueatsarereconstructed using 
direct suture approTehesniithont the ulv ota ptos- 
thene or autologous paUch[ ISJ.Most panenn (SP> 
rn out experience) aRoondetgo coionaryanity 
bypass surgery andalmoitLOi* rrndnycothteettane 
tant mitral valve (MV) surgery. The operation is

easformemahcougha lull ouetnotomy. Iftht LAD 
target vessel is graftable,1:henanypaec graft (usc- 
ally the left internalmammary artory (mIMA)) is 
Rlacedlo tics vessel Rd ttdae is n tine tato-rtirrteL LV 
anentninranLa daffntely disenied rnd гспЫеО 
I air veetil,than the LAD tsetthnt tint graOaO or y 
graftedwtdtn tern, and atea LIMA used rotrvarco- 
Inttze the crcnn,flee ayonm. Aon attornpr as mnde to 
geaR thaOJCD ntpo»hlet„iie «sap plaraseptalpee- 
forators that can carry collateral flow to other coro, o
inayvaRln...........................................................................

nant esttbhrhing aaratopepnanaaydypans the 
cooss-aioia isapptreO aid «resins alh,eeed»lOh 
ent^adnanathenoetrogiRdr cold blood catdao- 
dletria.Myonmdrf stand-till is „aaratnnn ad IeD» 
l,yгlnn(ГDidsatr8.^cn|leicУ»ateh»ra^гvts^nlesll„ 
Connan Ost owesa» rondaat artateЬynaгngrads. IOdta 
гV,hF.aironaryarttay„esdMLЬsgraftlsS,ntasrevlSt 
nnao^L at m dtaa саЛа^ат tan Co gnaa 
intermittently through the graft during the remain- 
a„n nt na ami.dnmwdme. vkhnpade с^оПа- 
gia inconsistently protects the right heart, but by 
performing the^righu -0™^-»^!™,°.:- 
fon of the right haait ts apnlnsledЬodeOoг„ng 
cardioplegia bod, teOteancani a„n Loarntbe tt-ht 
coronary graft. The MV is repaired for those with 
„-о atgгsa^erMRo„1nnaoonta0e:ettuaiet.Thetach- 
nique for MV repair is covered in Chapter 10. If

http://cvbook.nmh.org
http://cvbook.nmh.org
http://cvbook.nmh.org
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Figure 11.5 The incision for LVR is typically 2 cm left of the 
LAD and extends 3-5 cm parallel to the LAD. This is rou
tinely performed with the heart beating and empty.

Figure 11.6 The thin LV walls are retracted with stay 
sutures to facilitate exposure of the septum, the papillary 
muscles, and the border zone of infarcted and normal 
appearing muscle.

there is a history ofatyiplfi0rm^d1:Win thena Maze 
procedure or a modified Maze procedure may also 
be performed. The left atrial appendage is closed or 
excised. The left atrintn is alosst eadfht LIMA to 
LAD and proxiniaPanastounoses etc performed A 
terminal dose of „asm епПягаГе enhanced cardio
plegia (Hot shot) is gntshhretsetsogrtdethes, ante
grade The aortic ctoD-rtotp is hhlraredtsshshe 
LVR performed one the beam,ghewst. Theanetit 
vent is left on achvo nucleon dnrrng the vnelnctlar 
surgery, and the heart is allowed to reperfuse.

Tlie LV scar is opened аррто-О f cm Гайа- 
to the LAD. The mess-on st nxicnXet pespean.enLee 
for 3—4 cm Figure tL5). Anypt,derrymg LV Лпопа 
bus ,s carefully remoTd Lei ereenlionshturooars 
used foretmcf the eiogtrnffAe scernoeachifteenpo- 
sure into die left veniende JT- llerfA snAeado- 
cardial resection is anderfeXen dyevn totha border 
zone of normal arid pshreed „уходит Опа-оПитС. 
„Л а history of eepencuicrachyeasgie- оп оЛу 
calcified layer of snXendoeardiai-eas. Cpsnkstonp 
at -60 centigrade are placed along the entire 

border zone for 2 min et eadhhipj^licetizm^ilif! for 
thosmwith ahestoryofventriculae arrhythmias.

Thmventricle is reconstructed in the majority of 
patients using a double cercloge fhohmmieMhven- 
tncnloplasty (RgutnlS.h). Tdebnsdot aone heWeeu 
cg„treetn,g and mtarceedmУgcetdnlm,s dofttrnnthP 
bype^TnuiaKnoOxitoalmspesliopiPidpaSpahun. 
Forlttiasos-PhMeclyePrnOrcsAaruspeUyfSreSiorher 
eanrhs IMA mbit. Пуг pa-sex-p tehie no Tmehe 
hs^aofrnhced rnnscleandsher.pidogtson canbevory 

tn peferoimingtOs dotdes ntpy Pk.-lean 
SenPht og Г-с ™ on wry conederably. ta smog 
е,еГ1е„ВЛртг^„х,гГ1Ьет.га теЛееш-ггксгйо 
niaU oetbe left neuftide retdtopSy atom eu*oaohp 
е™ тУпЬепгае septum. Othrr patients „,ll have g 
ebonhe»^ dtfepo-ten-sihTr oenAfftthe reur 
nsvohahh its septnmand tsbtSo erftnot foes „e-t 
“0.^1. i i|

a gUheetУfl^rts-l,ex0„g.o,san-ser^eуgo>S 
O^pdl^lУS,,dkne sn-ioe m pdnxd tp thx Pordes 
none. Cash h-sets bgtifd dhepty into the scar hssne 
„DSnu umhupfoers of Wr bortrs zone (Ft^ U.S). 
mhfsutsim,s«dt,rlfthiAocsoatea uecP. The on- 
fice is typically 1-3 cm. The classic Dor procedure
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Figure 11.7 Reconstruction begins with a O-polypropylene 
suture placed at the border zone, with the suture slightly 
into the scar (which will hold sutures well).

Figure 11.9 When the second purse-string suture is tied the 
neck of the aneurysm is usually 1-3 cm. Rarely a patch is 
used because of heavy calcium on the septum that can not 
bo remrennirafee or “ncern that the remaining LV cavity 
heiSUIter/e^riigma^d cogUribitetо diastolicdycfunction. 
Two strips of felt are pocitfonedaneaeer side orthevi—- 
triculotomy. These are sewnba hlaceeahorizontalinet- 
tress sutures of 2-0-polyytopylene. Along fhentpCuo mar- 
sutures are placed carefullyco that tShy heit tfeLr/ freewall 
0.5-1 cm to the left of Tf etAD.Tfe mattnatenetufecthnoid 
extend all the way downtonhe yrioryurseetrirags leturht. 
This obliterates the cavine retweee feeaneeraemeackanA 
the LV free wall, and m^^im^zesr:he chences Cco bleedinc).

Figure 11.8 The first purse-string suture is tied at the border 
zone. A second purse-string is placed 3-5 mm above 
this into the scar.

(endoventricular cinculac eegghi РСопЬу^01ЛЬ neit- 
sist of sewing a patch over this opening [14]. In 
over 95% of our patients, however, we simply close 
the opening using . nncondpurreitsnsgsmpra h8 
O-polypropylene a few millimeters above the previ
ous suture (Figure ss.8). After dymg this suture, the 
neck is usually only rcm5%nd tomttimnsis com
pletely obliterated. 0-.pt «„pt of unit af thmo plmmrti 
on the epicardial syrfaarfFirme 01.91. Horizontal 
mattress sutures оГГск-роГуртрукпр su turerane 
then used to appropnttrtp th. borderzoet brlwetn 
normal andm amtydmyortedmne.Thfstmee.™ 
passed through ^Irao „all o1 thyLV „tththt 
needle passing all the way down to the level of the
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Figure 11.10 The horizontal mattress sutures are tied 
tightly, alternating from top to bottom of the suture line 
so that the middle (area of highest tension) is tied last 
(this does not correspond to the illustration).

Figure 11.11 The ventriculomy is oversewn superficially 
in two layers with 2-0-polypropylene as a final hemostatic 
layer.

purse string suturesio Forthe secondbetethe needle 
o ern o

is passed up along the septum and is brought out 
the free wall of the left ventricle staying just to the 
laterals,de of the ' . «aSunnottFoblheralc
the Ш and the anSnrasare notpannednnSemeath 
the LAD „nae oeelnde аерЫ e»bdlUe,oi
Uanally only 4-6 hoaraontel „шегеАИаге a aae 
required. These arelhen Kd .Ms aaaretanl
holda preaanre on the free edge of aha left naneetda 
(Figure fl 10). U them ys a ■ бМа-уММ Lm
anemysm then paeh of йге trap ^пепаЦ. a large 
port,on of rear) „ anetsedr doe akrnaha аегае ligers 
“ less resect,on of (Fo mated fro, aed meeds. The 
ventricular cae.ty beneath thnpdards rengenfures 
then is almost completely surrounded by normal 
myocardium except a 1 due а„аП erne ofcaar „here 
the firs, purse s „„eautnee „aa odacdd dheeem 
trianloplaaty ,s then dosed „«da f amdseaha layer 
of running 2-0-polm,rnpylgnedepieaPl„iu «о lay
ers with care taken to incorporate felt with each bite 

iFegeire 11.11). Bleeditighaybeen oery rarewtth tins 
technique. Th^ tecleneqne can be viewed at http:// 
cvbook.nmh.org (Figure 11.12).

h^tleu, haaa QUSdura,,o„>idg aaa M 
LV eptcaadial paa,„e „metaae pheend he thelfleeal 
left eehn^KletnA-aylaarwehaha basa and aperof 
the heart. Prior to decannulation these leads are 
evalufted Oof padeg earf spuarng aimeahoUsi ana 
tonrafter eusmaoe hasbeeug,ven they™ leu- 
„dUnea emth pabhet nnUerpuaah rde tef dayrde 
rahere „bed are ™,1„Ыу dot latar gdcemdatt» etas- 

paamg ,files derlгntlrnsaeedeaasthearl 
Oeiluhe. Msnop^teer gd,naаeh,doraphylsdggd de 
hseoee 1^™.^ mlheLV „aoraly te aaaed 
the erhaence ef MR, hud tnevgn.rteoaerhh gV_0ddC- 
fton „lela arepihaotre „еапаИтп, caahroput- 
monary bypass. We frequently employ a low dose 
теата* inftidon meh aa eynnamhMrnn te „am off 
dynrseeOenymsmtllni. aaa hho mihinmae dbt saw eae- 
ttegewidetrs ha^ahoai given ytrslsnWealгt vynrdrhi- 
hay peodhatiue KaMy agede na^aeasfOa badgon 
pump (IABP) required. We feel that doing the LVR

cvbook.nmh.org
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Figure 11.12 The LVR operation can be viewed at http:// 
cvbook.nmh.org for both a classic LV aneurysm, and an 
akinetic infarct.

with the heart beating ioodnmitogg fusmtworagarLv. 
The transition zone between scar and viable tissue 
may be indistinct on inspection of the arrested 
heart. When the herrtir beattag be trngtaiUov ntag 
becomes more obvnenr and ■„ nddtliou. pWpaOnn 
can be used to ftnthar УсУпеаГе „on-ctandaedle scar 
from contracting taablr myocardium. nurihennong 
myocard,al recovery, nr dresetdready eornprom ,srd 
ventricles, may be nrhanueb ltd dotbgtde гь»^ 
structton on an ™pry tad»n упПсгУ boo» gad 
allow for a more exped-Cioes wean term narineer!- 
monary bypass.

The technique foe decooestrnctlnn me an ybrndic 
infarct is essentially the same (Figure 11.12) (see 
video on http://cvnook.nmh. omo). In burddseri, 
ence over 95% of mmtasry corn tq stored pruna-il- 
w,thom ns,ng a proothelin paeed. to cooeept, the 
prosthetic patch snneio reo-aoes one yOmena aeo- 
ment with another smaller akinetic patch. There are 
rareexcephons.how^er.wlere^rdoroqmaeb.etilcct 
sure. Occasionally podeM, ntttlr.n hearty coMne 
LV aneurysm are best treated with a patch. For most 
patients, however, toe tokffipd idea hr rernovrd weto 
the electrocautery. For eOnn pot,date vcttl, snattrred 
calcium throughout the septum, resection of the cal- 
cfied areas cannot be comtrhyrmW wellrdul Op 
ventnenlar septal deOeuI. In patrome wrrO гошьпрсо 
calcium tying the pursesnrmgsutdgermaylIoIteduae 
the neck of the aneurysm. In these patients, we place

one purse string suture and then close the aneurysm 
with a coOfC- as dnrrheutanIlcDop prooeded•e.Wo 
also perform a classic Dor when we are concerned 
drat, without a patat,thcieeo„etruoeodieft vnetoeln 
would be too smad. iCdhopglc ihc epeetton fr.cehnn 
appears high, a small ОУп-оо-о lea-ite n Decreraed 
stroke volume, and dtamfeftrohnacahp »ebt IhdOn- 
cardta and elevated kddnonI«y о-Поп ^0 «с- 
ondary to d.astolm anrfrmcd,e„. А™„сИ1 
small left ventnele eaoalsv yiaale ^00 otthe 
p^p,ll^y„u.a?»aemnMeUb^cteeperoun»»d 
circumstance. Balloue ma„i«tui„n euO ofher 
devices are avadabSe tbit oeut Ire need to нее 1Uc 
ventnenlar cavity «^1;^ 00^,™»^- 
tncular cavity (left neninauleo end dnatodi; “.plume 
(LVEDV» of approdIv,nIelyftlet>tLlУlIO «Л «py- 
пеисе have found tVnOsizmgWfth a bahoon ,s earetq 
re<1“,red-..............................................................

Recent variances aa.tk ИРтеЧпа tofvm- 
trtcular reeon.frnotion .-«0^» ecpF,rtod by 
Mickleborough and the RESTORE Group (Recon- 
sfructive Endoyentrfou-go Surgery tdonroing Ori- 
gmal Radius Elliptical Shape to the LV) [16,17]. It 
nhocktbe mceed thft d ronfompo-ney oechmqTO 
оесопИгосиЬе lnfa-ened reotumetlOe-wltlrrunш■e 
oo some oeusaIШ of ОМЛту.ТЕе упорШпр^аОат 
concept is to exclude the mfarcted thm-walled area.

Eady andoato msulOn VoHowtog UhR 
рог-поиетго cagdiomyooathy
Cleveland Clinic results
to oaa шииетоог..rEperiod.lMf eaubepeiforrned 
^„,<-14,0*1,. Itwrmorhbmeconforth^wPd 
adancedhean^l uri.Wepresenlen C4 pattints w,th 
class III or IV heart failure who underwent LVR [22]. 
Tdfrtrdayuir™al tie ПоП gemnp way pOMr irtU 
i-i2- and S-n-erатстОmereeb* У0eUo,.md83%. 
nopodtotolxt IFygureytf.13ItMeao NewYo-kHmdl 
^-00 (l™A)olasedaure^sed ^0013.0 to f.O 
(P = 0.0001; Figure 11.14). These results m patients 
with .rivpiced hea-- taikne were 0-1 aiqmf)eagtia 
РЛеееткотопг oveaoCl с-ооо of2HЗpat,c„leOur 
Зеоешахрегсу^ dnd ed223 prtteut- nathameau 
eocnf a- ynon-^>»ktcere СгИо-осЬе etbtmr^m-akn 
atc/nwrmabdetoc. TOИnutaosprdivat,„ilal,s bedpo 
»-- OOVo OklCe ft md S-gx» sorvivnloiedeUdanb 
86%, respectively.

iMeeafienlg ventoMro fonntion Wore end 
after ventricular reconstruction is difficult with

cvbook.nmh.org
http://cvnook.nmh
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Figure 11.13 Survival for 84 pattents with class III (63%) or 
class IV (37%) congestive heart failure (CHF) who underwent 
LVR at Cleveland Clinic. True dyskinetic aneurysms accYearsd 
for 63%, and akinetic segments 37%. Thirty-day survival was 
100%, in hospital mortality wii 1.3%;1-yai rourvivalwao 
90%; and 3-year survival wav83%.

Table 11.1 Improvement in ventricular volume and ejec
tion fraction after LVR as demonstrated by intraoperative 
and postoperative 3-D echocardiography.

Before /£ 
fo = 30f

^l^te rm 
facte .30i

eot/ow-np 
(h = 22;

EDV (mt) 196 ± 81 133 ± 53* 139 ± 50* **
5v(mL) e43±75 79 ± efo 82 ±36* **
SV (mt) 53 ± 22 (n±30 57 ± 18
FSV (mt) 22 ± 12 53 ± 24* 58 ± 21* **
EF 0.29 ± 0.11 e.43 ± 0.13* ± 0.09* to

FSV indicates forward SV (determinedin the 16 patiett w22 
preoperative MR); SV: total Lm etroke eelume; EF: ejection 
fraction; EDV: end diastelic volume; ESV: endi^^>licv<^lume; 
IE: infarct exclusion.
*P < 0.01 versus beforelE; **Р0.0fbwANOVA.
Reprinted with permissionfaom[23] .

Figure 11.14 Mean NYHA class decreased from 3.4 to 1.4 
at 24-month follow-up.

I

two-dimensional (2-D) e ..— .a the ca.r 
is frequently reconstructed, but not resected, the 
akinetic scar may still be visible by 2-D echo. 
Underestimation ottheimmensemannn «П* 
function may occur, f haer nyed qurstitaCne dpt. 
with three-dimensional (3-D) reconstruction ideally 
Iron, cardiac «Ье-МИ» fD edmcardeompaphn. 
An exanrple of an MRIbefmre auU after ■
available a hftp: webook.nmh.mrg . . 11.1).
The 3-D edrocardiogmpby bar been uvR eo donm 
" * AS”"”™ m “ MRiettettOre
4 fraction (LVEFt born 29* р:еертга,,ег1у to 
43% predischarge and 42% at follow-up [23]. The 

chongemejection fraution torranpondo wi'fm asig- 
nificant drop in ventricular volumes (Table 11.1,11.2 
and 11.3, Figure 11.15).

However, occasnenalgatrrnfr etefotind iolreve 1) 
^t. о Г recurrent MRaeid ventricular Oit

It ,s not clear wdetlerdiirsubgroup of patients 
had some residual low level of MR that led to volume 
overloading and subsequent: ventriculotai.aliomoe 
whether the eenfr,cutff rtnadoding peaces coni,u- 
ued and subsequeutlycuumvd MR.Snrnlav hnOrngs 
have been describedbnDt.DdregronaJUVl.Broah^sr 
of tins finding of rrctreeittfhR and nenfrucuiar 
dilation we have baco diOgemmonr nseufMV 
repair for patients ntrhvp)om oLVR.vo perfreDorrn 
our ПЩт eopeneure. We bone a eery tov 

thresholdfotpetfoom„iomilcalrhoa,r)»O+). .
ta a subgroup оf раиеи^есгаЫгОо^Иге 

changes that one would expect m neurohormones 
with the reversal of oVdm^n auphrortfellnru |2d]r 
Indus rludyi nrшobormouapяgnlPttrntlylrdpeoned 
or a rubtronr oU0 ппПпоГ. nhowete proopctPoety 
sftidied Deignm 1 1.16).................................................
i tothrCleuekend ainicexponeuca turo1mtfolUou^- 
utn 2VR waonnt шfdhuPPPllotЛu^O0.th)irdf »n- 
.сориГатMVrepait ^11.7).Ohirwmtereftmg 
hoeanoe graft stod.es todrnceetChCt i^rOicrirwuX hliC 
hav. r woese prugnoftr|dd,lrl.Odtofrhufdwmpe0r 
ers fop pceor prs^noofandrg-gdnnpridntntbehoft 
pital following LVR was a QRS duration >120 ms

stod.es
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Table 11.2 Test results at 3- and 6-month follow-up intervals.

Changes at 3 months after implant Changes at 6 months after implant

Pn-ilr-2 atayeaa a movthn u x Paatneatment 6 months n P

LVEDD (mm) 74.0 ± 2.1 68.4 ± 1.6 9 <0.02 72.9 ± 1.8 64.7 ± 3.2 7 <0.06
LVESD (mm) 65.5 ± 2.2 62.8 ±5.± 5 O.f2 e5.8±2.7 58.6 C 5.f 5 ±.31
LVEF (%) 21.7 ± 1.5 pret ±3.2 e <o.e4 21.6 ±1.6 32.8 P1^-^ 4 <°-0±
MR, 0-4 + 1.3 ± 0.3 0.7 ± 0.2 9 0.05* 1.1 ± 0.2 0.07 ± 0.2 7 **
Peak Vo2 (mL/kg/min) t4± ±1.5 14.8 ±1.5 1 0.84 14.4 ± 1.2 16.8 ± 2.1 9 e.is
Heart rate (bpm) 0ho4.1 82 ±9.9 d 0.98 84 ± 4.1 76 e 281 9 <0.0 5
Systolic BP (mmHg) 113 ± 5.2 118 ±1 ± 9 0.40 113 ± 4.6 120 d 2.1 9 3.44
Diastolic BP (mmHg) 74 ± 2.6 82 ± 1 V k 0.12 78 ± 2.3 78 ± 2.0 9 y.ys
NYHA class 2.0 ± 0.2 1.6 ±4 .S 9 0.00E * 2.5 ± 0.2 1.7 Ю2 9 1624 5*
MN living with HF 28.h a 73 24.4 ± Ed 1 ** 43.0 ± 10.4 25.8 ± 6.4 5 o.sc *
Uniscale l.8±0.5 6.4 ± 1.1 t <1.1* 3.9 ± 0.8 6.9 ±18) 5 0.d5 *

Data are mean ±SE. n iYHAacea aumber of patients. PaOient cohoit6 maydiffer for eacloparameterand time point on 
the basis of available data andfollow-up duratio8.Repanted wit4 4ermission from [r6].
LVEDD: left ventriculaunnddiastolic dimension; LVESD: yaft ventricular oa1 syst.lic dimoorion; peak Vo2: p8aк oxygen 
consumption; BP: blood pressure; MN living with; HF: Minnesota living with heart failure quality of life questionnaire 
(a higher score indicattaworsamaantу sE Iifennddailnuunbtioofng); addUniscale,quality ofyfe assessmenc(ahigher 
score indicates better quality offffaf
*Wilcoxon signed-rant: Vest; otfrP-daruesareneieodt-tesd.
♦♦Insufficient data.

Figure 11.15 Improvement in ventricular volume and ejec
tion fraction after LVR as demonstratedDyintraoperativs 
and postoperative 3-D echocardiography (reprinted with 
permission from [23]).
EDVI: end diastolic voFume indei; ESOI:enUuyrtoIid 
volume index; IE: infasnSdxdusion; hVUsLroknveiume 
index.

(Figure 11.18). Patienma wi'tli a QRS deration 
>120 ms had decreneed survival compared to those 
with shorter durations, and this was more pro
nounced for the most prolonged QRS duration. It is 

not known yet whether our practice of placing 
LV epicardial pacing wires in these patients with 
subsequent biventricular synchronous pacing will 
effect their late eno™l In the WOMPANlON 
(Cotnpanson of Medal Therapy, Pawn, and 
DdMM . Htavt Failure) tv,al. paUentt nth 
biventnculaE ^eheonctus растр not only ЬаП a 
better quality of Co and tacffanM diea, hut 
bettersurvival that, thovr «ethnntreHePlefthmahk 
branchblockandaevtvenVdKseurnttniuPnl.ttanerits 
nth preoperative nnpbnrtaFle catd.ooerteedenbetllt- 
tor. (ICDs) also hada teoru prognuen thot pwitenK 
nthout trn 1CD irbl. The penbersreetegb for 
how to manage thwe patreme оор1-ИК atevt pdb 
determmed from a standpoint of their ventricular 
arrMmrh». r- a panenes eel» bso p.«w nriupma 
caadiomyooauhy an ICD maybe warranted. In a ret
rospective study ftob, rhe Ckbelmd Chute РоитЬ- 
Uon, ° appeared that ройер^ет OP tn«ng™ 
a°ka to drtanume patients who were at high risk for 
events, and this ma. ra o wonhwfoO edategmm in lhe 
future to determine which oaner,b feeioomg OhR 
require an ICD [26].
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—A- - Patient 2
-■ 0at^ent 3

— A- — Patient 4
— Patient 5
—a— Patient 6
—■- - Patient 7
---a--- Patient 8
— ■- - Patient 9
— A-— Patient 10

Figure 11.16 Improvement in neurohormonal profile following LVR (reprinted with permissi5n from [20]).

a— PatienV 1

Oahercontempofary resultsare alsogmodtThe 
RESTORE Grown reported on with patiento who 
underwent the LVR. Hospital mortality was 7.7% 
and MV repair was ^formed m O2* [es,27|. 
Postoperative ejection fraction increased from 30% 
ort 40* .end kft ventricular end aysHnfc vol- 
unre (Ulfdecreered form 90 tv 62„,0[„, . 
Three-year ЯЪ.U„ssS9.4%. MrekleOvrovghalso 

reported a low hospital mortality of 2.6% m 196 
patients |16]. One atom .-(ear svrvivelweyeyi%ar[d 
84%; 80* of survivohswere[rrt„YHi\ cVis8 9 „11. 
As ,,, onr senes ventnonler tadtyeaolia was noted 
to be a preoperative risk factor for poor outcome. In 
contradistinction toour serieswhereMRwasnotr 

prognostio factor, 2A- or ortator MRwea assodarnd 
w,th poor ontconor roORsoooy^LVR. gtrndORaO 
eeptroted en8-7* odoratroenrordalotvio 049 sabas У 
"rwhor5^”"■ol„0grosrviveCof72* |28|.Tha„ 
also identified history of ventricular arrhythmia as a 
risk factor for a poooL„ra oosult 4% woO on a toon 
repair technique. Balooki and colleagues described 
a very lo„g-tera, so yaea, odurhna wsuh.LV 
aneurysm repair usmg aeaoiefoottochniduar isu . 
Then best results were rra thernttal recoogieopy,,- 
ence with repairs similar to those described by Dor. 
However, their periopeaaa-vo moaSr„ty was l°gh, m 
part because they onarraemon patirstsm eerdio- 
g2,„c 1800k [30]. FaraO„ySan-[lao ur sin- «„enenoe, 
esnreivalof patinnOswith renactlonfoodysnloetlo 

true aneurysms was a little better but not necessarily 
statistically |ignificootiy ostttethan ^йг^г—Ь!!

wsuh.LV
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akinetic segments in most series [ 24,31 ]. These stud
ies confirm the effectiveness of reconstructing aki
netic segments in centers with experience in this 
sui^ical populatioiiakitetursagmeenpears tobeworse 
for patients with Inrme rnpanothan nrrcti rnmplete 
repair [29,30].

The ST1CH (Suugieal Present rf esuhvnne 
Hear, Fa,lure ГтГааа proppeettverandonitaea 
multicenter clinical trial of medical therapy only, 
medical therapy pins enrouaic artery bypass gralt 
CABG) and rned.cai therapy ,,1). CABG aith 10РП 

|32|; 2S00 раите mult henrl dplnre,LVakKhSOp 
and coronary anafttntysu.fobk fornnugeorl rraay- 
cnlarizatton „,11 be sfoB.ed The orimepy enhpomt 
for „,ed,eal yersns га2ека8о1,еаарр„,11 berereaval 
and the primary endpoint for CABG alone versus 
CABG pins yenfricuke еееогигеитп „ill be sae- 
vntalfree of hosp.tahzot.on.Tlre asruteptag pentek- 
tion date of the study is 12/2008.

Strnrntnry _ i

Tlrere are tlreoret,cvlrrasa„r„he rpvbnyfrninonot 
a dyskmetic LV segment, or discreet akinetic thin- 
„ailed segment, shosld kharomptoved myocardial 
function. Ckmcal eae-arruc- 1„г.Ь1е™ НаОРе 
operations can be pnyPoenrvd with am athepaadlp 
operate monalnye and leadto no pnrptuiwemnhr to 
ejecnon fraction Nun Tort Heart Bnxnrnnt daep 
arid good 3- and S-pear lumetl. in tap ^pt„eo-n. a 
relahvely simple tedaiaupie tOoh does no, r-nture 
paid, placemen, can Peperforl„eO„, NpcttYomaHetp 
IMSmnr without prnl^npmg the nchrrcp hrne of 
the surgery Pahenlr at „eh Pot lek Пенй mdnde 
those with a long QRS duephoit.apd ahnratpa o- 
ventricular tachycardia. Whether these are markers 
for more severely impaired ««rider stat „ik non 
respond, or whetl,er the use otbiveotncQlar sntcltvo- 
uons pacrng/ICDs man nneeoer senyptnl p Warnl^- 
geoup, has yet lo be deletmiped. No eanOoirnzen innl 
compam.g srnvwal rnhVR ^теЗЛ-ару Bonn 
or CABG alone has been completed.

LVR and devicoofonpatinnts vaahh 
dilated cardiomyopaony
Introduction
Randas Batista MD, a ca-diacsu-gtoupracticina 
in Brazil, was frustaategby sCelacd odthercpp goh 
patients with CbpgasOiccaseand dilated cardiorny- 
opathy [33]. Knowing about the success of LV 

aneurysm surgery, and reasoning that ventricular 
ditation insole donransed effiolenay, itte embarOeP 
upon a series of operations to remove a portion of 
the aentticulnt wail mpet,e„tsa-lth it,Ьte1i par- 
drpmbopaihyTtapaet,alnllve„^d1Pa-tp^^y1PLel1 
(BarnH Pnoradш■e)norunder1eken thpleallyin the 
-tas alwall oasween rhe paptffeey muse len and was 

doond oOa - r,„gd Ьоу^гитача auBnc. ТРп 
heart was then smallOlrlartlrarP11^lls^eseea„tlЬe1aae 
nnstohe ftrn-ttop Suegenns m1heUmt-t1 Otateaheard 
nd Cun apoio_aA „tan De. BaUssa aldicahPid that 
aprnoaeh dunmg the drteuesrв„pOe lunanolume 
re^MhPun nap_er |3hs. Sicbsenfaemlir «««1 phone- 
cians went to Brazil to witness this operation. When 
PVL oftis from the СкиЛ! Chine Faune-aston 
ГМсСрпЬпр end Starling) ontiatn Brazkrn Maymi 
1995, Dr. Batista had operated on, 250-300 patients 
wfrh nu правее wm-kwhy of mound weed, nnd 
.„..«.^«-^«еге MPc^oaeh ,тпгиуе11.
, Dw„„a,t»d Umted State- tmPB„tlllhcenfep 
n-egnperfoam^ Wp Bat«a y-hiBdd.0 oh- tnytoi 
results. We began offering the procedure as an alter
native to transplantation. An epneel-ncegrew,hd0 
onr initial results apnemad &vornnie. iBree np„- 
^lmepnprl ea„foda1e раПепВаЬ, t-adaed the 
Ba-ktn ppacendte. Onr resultsnaae hae„ repAet-d 
le-dЯ].PyS9l1^„eeleЯed1opPe„P<l„n^dSdcee 
dun I)BU»bb sr was ut1paeP1otaЫel and 1.„-a„ we 
ВЬопцЬГ there „егетЬег a^enneiPn Oba 1»™ 
o,.a ^-oPndrnme rffect.ve. Though mid ne inngee 
^6%  ̂tsMsta prdcedureiOuteppn1Иa-arPlta 
the operation is briefly summarized here.

Theory dehlnd PUB
TBc ooeaoonn was daslyoad foredn-- apllllteaPl 
radius and therefore directly decrease ventricular 
tes!!..lte.,plnlll!llTeUdwofLaPlaea Improvement 
ns ateeoon frpct,o„aoУ рптЬс Shnct«tnwp 
Рпегугт till «eral p^ ,uhas)вaBtp 13n^f . Wn 
atfb pa smak adud,ee!ЬslwePlecouneemeLt A „.all 
.Tess as deuamnnnd Ipf eaht,anaPrqn^phsc anh 
Phdameе-dlO h^„0as.1nn1a м^epre-ama)a11PeetЗL 
P1atda„htie.a1„>dahogels0n„sae^a-ees1tan-d.ro 
showed a leftward shift us pnrrtiro volume 11^, 
but at the expense nf n donuseeacBoo effect ,,i thoe- 
fok. potenBally leaMuglo tigni-1 co„td1arMi1edyr- 
entoontt^l. htaw-nce. the 8^^ proachapc 
improved systchc ftmcBo,t.Ьut„oerened 0,artdha 
tuueBon „llhane)affeyto-1lBieЬenefttnnoperalt 
LV pumping capacity [11,45-47]. The heterogeneity
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Figure 11.19 The Batista procedure (PLV) excised the lateral wall of the left ventricle, generally between the two papillary 
muscles. Following reconstruction LV volumes, dimension, wall stress, and ejection fraction improved. Unfortunately, the 
decreased diastolic compliance offset the benefits in many patients.

of diastolic dysfunmtton, wo hwvepostulrtecfmvv 
be related to imderlyuigveLitri'ciikirfibrosi's find 
possibly explains why some patients demonstrate a 
dnucal band,, and otheatshoway „unaapnvwe h,t 
or even worsened after surgery.

Cleveland Clinic indicationsfortheBatista 
procedure
We initially offered this procedure to patients who 
were awai'ing bead trnesphunCatipn. We raaeopad 
that,f surgerywassurcrefUtt,epat,ent could come 
pfftha transplant bWslftioetlrerapsrsyera^lytcsh- 
srently successful then sha p.atrtgt would ^а ptatOr 
poued the adverse evvnts aud eantnibsSttua of 
transplantation and unarnnotupatesfton foa atane 
period of „me. If tfs thstapn wss ftaadCcasaPtl nt 
the patient go, wont, median,rat sstsahrncd cnath 
ba used ». hrdge-to-lradialantabon. Pp Stdna- 
tion all patients had class III or IV heart failure and 
had triad and failed aonaenbontl mePPal t^eradf. 
Of 62 patients, 23 wars na motropfh a-ents botnia 
surgery, three patients were on IABP counter pulsa
tion. and one patieat wap on a laft venhrictOtaontrot 
device (LVAD). AU pa62nlahsOdda3ee led oentn- 
cles, with a left ventricular end diastolic dimension 
(LVEDD) >7 cm as ddamamon da echtteesplodoa. 
phy. Patients with tndfcrntc AaK),o„,edaadoy „era 
excluded s„,oe thent natifntsenuld ondcago noon 
accepted ventricular aneuryprn rcpncfoh on mfonh 
struction tor akinetic segments.

mStVsurgicaitechnique
Ourttchmique war r modification of Batista’s origi
nal report and has been published [35]. In brief, MV 
rtnait ona pnafcr„ted rnUloCaha Chp» and 
mnuoPnt nf iu^lfio,eligethf-uleettatlИa1,p„txfd 
tnatюdwl11tmsетtlonoPadexlateanm0nptartsbfnd. 
nwpdptshpltdporildnoWherelPdenlnhlftupeheO 
by the circumflex acteoywas thao „senlddhrat-iten 
the papilLary muscpt IFponte t т do th padeotn 
(53%) one or bofttnapniara lnurtPs»tsealtn 
ahseBad and then risustnendcUwSnee alkiwed torn 
larger resectionThegorddf theopeaadon was to try 
td taem, ГУБОП „5 approsonntPlo t rtf, fahiwisg

-Пге ventnncnhomh hno г„оо„«Ь 
wnd dnf» rffelt uttnghorleodtW madatas ,«„,.. 
and nronsemgeuture.

Cleveland Clinic eesal tt
Two patien.sdkd atehltingenoeюlsieal mortality 
^^11 patients (18o/o) received LVAD as 
resouB Sfhrudo, 32 patentsrpfuanePtoctass IV heart 
failure. Three-year survival was 60% (Figure 11.20), 
LVEF inara^d from at ± 7.1 1o За^ ± dO .a 
(n p «t.OOFt), Cd.nnasmnanlsiA.laf vnOta.eand 
Pjetiion dscdon hrreaelatlve„ snabtaovta erne, 
docafcaed auhnonary attefo sysaohc hatttnrr »« 7 
pred,otoroto1dOT anrv,val. Reduced c^meoet- 
m. oxpeoco^mmepUon psadicteO e napd eatoni, 
to dba IO heart duhlra ertS PoO»r ГрГП stnat 
pressure was associated with a lower event free
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Figure 11.20 While the Batista procedure was largely 
abandoned in the USA due to 0ts unpredictable failure 
rate, when taken into perspective versus the published 
REMATCH results it is less of a disappointment.

survival. PreoperativaMRwan notaAiskeaotosfop 
any outcome aftertMA BHtieSa pnoceduoc S'itlpp- 
surgeons, notably Suma and Frazier, have continued 

the Вайи proveVure ue utuaxVekattatfon 
selected patients. Suyta has teptaned ^ear tn,. 
vtval of 71% and Fruiter uonhnubstownsk toward 
identifying proper patient selection criteria [41,48]. 
The PLV Second InSeuanitdo.esl Ruga.traotnaalyzed a 
pool of data on 2S7 uadealftuu. 4d ,z,edWtto„s 
and found that eeeet feeesurvwal tuif nidu|ad 
when PLV was perfoenPLV asav, ет^. ^ 
than elective pmcedvos |4,].iUso. 2YHA dani f 
patients had an eeeut foes аше™.  ̂SPe/e at d 
years, versus 59% foh Urose witu NYHA daea lesu 
than IV.

Summary of the B^isht aroceiiieifo . _
The Batista experience is an interesting example of a 
“failed” surgical proceulure. The media portrayed this 
operation as a .topk umeforrnnnypatknH with 
heart failure which kd tolirp «, dfiU^ttmune Ute- 
semmation of the proeedura to p^arnu eenteid 
and surgeons with little experience m the care of 
hear, failure padenfo. Miey undents ah. e 

after the procedure and nlftvtatsly hied if teen aese 
not salvaged by transplaniaYvu. Others improved, 
only to return to ЬеаПЬп1Шпа(И- f uesrnd ofydura 
Transplantation traUce ehh d^salledaeseoe nf duie 
fa,lure for the clirou.c d™ ob en1nau„otuppfse. 
sion. Many of our patients, who subsequently were 
““Pbnted, benefited h-mu Ш procure vu 
they were able to eutsni „nnepnoshpvuetatou ftre v 
period of time. At 5-year follow-up 26% of patients

meure 11.21 The Acorn CorCap™ is a mesh that is placed 
around both ventricles, snugged to reduce volume a small 
amount, and then secured to the base of the heart.

wuve stiUaUueend froaof hearvfutlure. sualeed, our 
tTsetlf>aaie:sle isulivelOyuarssftaes urgeey. ooaeeaf 
tiiese упП'et-ts had been inotrope dependent and 
Cvoйalecensl>„,enap or,„u„Vhse»elYnva huarf 
tsuch usourfirst patient). When compared to the 
„ctult.ofyhnREMl\u’CH(Rendrяhlved YlealileVlov 
otMochantfslA^Яsddfft>rlleedpпO„lenturdvu; 
uesnun Heaut Failu(s)t„alelsarefultsscineily Whe 
dvotablc rfohtnc 11.2П . PVH raukEм>An„cHyhOe 
NYlcl„llo-,lIull|l,!dllar!e.as!e,-lr.r,sea„.ll we 

‘H^Use*3e,%eU1 Ле ^«.00^01» 4U tUu suPpoprihei 
hoH Ла,!^,. UvhitfonafolyipeeoiecratwL otv 
ability to determine vcdO-Kulae fibrnfir aed ^1 
hiastohc dysfunction a„пte]|ИdlFurlharuiutp, odbar 
”'“ deynes were ekpWopeY UH1 Hru«
Uge dmatee Hrd■,>„ayopeehyeala tl„euvaeru tlrouM 
bemupS leee morbid than the Batista procedure.

Deviautherapies hor dHaned 
vasdiomoopathy 
eteedd'PnulYu _.........................................................
THu ■ D,sacolt«™S jaokedtbat 
» pl«m.«eed tCa wintmktsoathe bear, [SOI 
(Figure 11.21). The mesh is compliant so that it does 
,„, l„leseeee „..h dnnsfo^afunclfonl dm! id sk<,sol|. 
fointtu to tdu rfacc oU the hearU The „veuP. aser 
similar to cardiomyoplasty, m which the latissimus
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dorsi muscle is wrapped around the heart. The device 
is designed to prevnnt fiHtAerdilation, and can 
actually lead to a mild reduction in ventricular 
VOlUn,e'......................................  wrap r

Ammal studies »std dig Cprepp™. hsvn shu™ a 
lowered end duistodc und end epstplas mmiun.e, amd 
shifted the end systolic pressure-volume relationship 
(ESPVR) 151-53]. Sabumm meportdd dwhegulatOrn 
of stretch-niediated P21 MSIrdndn-snpotndsurdd,- 
ten,) plasmte reneuSuns rndtuaUHdg tbsP darPy reueise 
remodeling alters g(EsevR)ess,on J54|. taau ovrne 
model placement of tfieCorCam folldwinganterrur 
myocardial infarct,ouwav sbamn, to Inrdtoa dtnan- 
islied .yea of akniesri mfhitreaaedgroupl PdV _

Early non-randomized trials m 27 patients showed 
animproyementlnmYPtApdtna.oaeloPpa.adeorewpr

EVEDD and left vundneulae end lyaroPdrneu^- 
s,o„ (EVESD) and aUeimrifpyemepttn eteottor 
fraction [56]. SimilattPnpmm^ptereNYportedlsy 
Raman rn ftve paftantL UEDergorngCasCap™ wirla 
concomitant CABG [57].

H„ pivotal clinical ftial perfomieO west rnpfti- 
center randomized ^imd aontpanvg CorCap™ op 
medical therapy, or CorCap™ with MV repair versus 
MV repan only. Tce euUmoSnt ofdre ftiaP ayrtPio 
effect of die CorCap™ on Paenrf tatkne Pmollpmvl 
m tbetnalwas co„m«etlin ,ui.avt2«t3 fpdrvpowws 
of the data were peesefoaV atplrn Arnanaiip Hnnrf 
Association meeting m November 2004; 38% m the 
CorCap™ group imprpvep (vawsitaPmVc1dUdpol)upP 
37% worsened (versus 45% control; P < 0.05). The 
CorCap™ group rrqpimd fnwai pro^urps ttbi 
transplant or LVAD «dear eo„pprep .wrfoeofoiol. 
manifested a greater reduction m LVEDV and LVESV, 
and had a greater miprow'pmipi iasplsrricity inprx 
and quality of life seems PSI ] Tlrp ufta pq CorCap™ 
wfth MV repan vemap MV»,™ рггУ"^.]. 
favorable, and am аапПтаеаЫкаиоп.тГппа! trials 
“ use CorCap™ for paSiefos dart ntoitappie „8отг- 
dtal tnfarction to pmueM thteiarross гитмЫшр 
are be,ng planned, isodarid Pdean APntinistranori 
(FDA) review is pending.

Myocor Myosplind
The theory behind ihe aaPstaproaacliirepvasPered 
on the Law of LaPlrce. A arduationof theoentricu- 
lar md,ns would leM Oc areMyotlpun, vehicular 
wall stress [59]. TbeMduipr Myu.pPMPBa« nvs 
designed to change the shape of the ventricle into a

Myosplint ™ Concept

Dilated heart Myosplint ™

Dilated radius ModifiRd radius

PxR1 = PxR2
2h 2h

uigaialt. 2i TPeMyocor Myosplint™ device used trans- 
veotrirular splinli to reduce LV sl^fflUK wall str ess. 
ltw2tnolruiie investigated because thJfcapsys™ device 
was dep in ned bathe same company to address MR as well 
as the remodeled LV.

bldoba Kitiiaguratioti, witheachlodv having a 
reVucePradias a nd therrfoae reduced wall stress 
iPigura 1L22). Since the ventricular wall is not 
"““WS (us »a the Butiatu pnosrPurp thw aifocia 
ypoCfoastolicfo'sfriprtinp raetUV ap Scsu пупкаЛ 
Finite element unulycts ,„d, cotes Ли foe net ul esl rf 
1s nrUdced pyahw atlydunkm sbonPd
RaC pp an m,™™.,.]e aafdr.ncfoorOon anVun 

■ . s . nolnmnlbaia enltkapiedie-
ftn„s b.^ 1 suncuaupn. CampatanunaSnledг1 
unalysis olthasame concept, but using a different
:. ■•akv re- p.. ■.■•■.

. ^1,^ee.du^1arlЯonafaaproardnegraalrУ p«uri»dp 
meporcma Stuart failure model with the Myosplmt 
7 1 ■ 1 r 1 c e a n. e enp dlnavpunp enai nyy 
tЫ.. .. . uw: ■ ■•■•vk-n-1 s •

waff eu ling that *^1^ were ^«№14 
aft2 1 титЬ otpacupp (e9|.1n lhlranm1elnrepell
E ...с. ........ с.. p .- . ■ С . 

ouupul se apddiastolic pressure. A phase I study was 
mlfonfoft 2 a 1. anp Gor„anp. CVp„aas
,ppatlt„aUlprvЛ,„P221Sa)aC1кn 2a■epapplevp1n„. 
rralparl1ats shi^wed the expected changes. However, 
tha. . l .a papl пиЛер l '.
pUet it designed to achieve off-pump MV repair 
рАера Иг1р so^e venft Watha darusn2mPaa1fop isae 
Cbnp er Ю). The ten dp apt MsnepP.nS pau22w 
therefore ,s „„сегИт anp tbs rPeuep aiuy be pot 
adupa „rfauaoarf foe POpps fm foer1ran oar foe 
reduction of MR.
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Summary
For patients with non-ischemic delated cardiomy
opathy systolic function can be improved via resec- 
ta, (the Ва*И prsudmtmhry de™ based therapy 
(Myosplutt). However, she drawtohe dyatcrrehon 
created by the B.aOwlu pdtsednre, nod My 
unpredictable ouhomes gBeadyrrdueed moral 
enthusiasm. The СаМар-pasatHlo eonstra,ns the 
ventricles and has soceeseiully gomplbed сРпкоО t-D 
als. As of thtshme (200P),lhosbtnmldare imn^tpub- 
lished and the FDA has not yet approved this device.
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Mechanical circulatory support
M Luis Navia

The gold-standard therapeutic option and last resort 
for patients with end-stage heart failure is heart trans
plantation. Unfortunately, this therapy that could 
provide Th excellent quality of die nndlong-tim, 
survival is limited pnrely by aeadabidty. to the 
Urnted States, the slrortagh of aeadfblh doutru heart, 
has resulted in an increased waiting list of approxi
mately 7000 patients ovi year [lx mvlnk the number 
U dean transplant ptocedmrsperfctmedannnady 
remains relatively ertuttstent tSPO/pe.arf. Ttnt wy- 
oguized donor sbonage das 0 domain ntto die 
expanding numberot yahetoa on tot dsdsplant 
waiting list greatly incraitettha r,sl oC ihsrplphty m 
these patients up to 30a/z. Ths pot expaure betwean 
possible recipients anp aadihble Uonost grnpatehu^, 
urgent, teah.hu „eedaoradeelce -hut wanldpsoeede 
mechanical cardiac -«POoX nudl eoeutnal trrns- 
plantation. The uumborof peoplawatP con/estoe 
dean failure (CHF) «Ьаооик/ hraspPsfto.n easdiac 
support „„h a metoeatapila e^tad dee,nt o esUp 
mated to be andXO.heC cyeerrn tor
United States. Since the needSorpvtaentstXiPndetgo 
cardiac transphautapono uos expeЖttXoaiammr0s 
long-term mechanical support offers the best hope 
tor padeuts With eutoataaeCHE . .

Over the last twa decades, tnrpy drae/etwese 
developed that otterePpat,enneer0pierUpporltor 
a period of „me (e.g. Ь„nhUtSO/^»!plpne) OnFy 
during the past decade, has mechanical circulatory 
support (MCS) gated intseasedarfsptayea in toe 
treatment of pahentt noth CHF who eveoe tosto 
sponsive to conventional medical treatment. With 
toe alternative of MCS ртЧепВ who had hlhe tape 
of survival received the cardiac support necessary 
until transplantation wmmpctibl0...........................

MCS encomppstes a nuprery of devaotr «thus 
connected to the heart or placed within the heart 

to assume some degree of cardiac function. These 
devices range from a total artificial heart (TAH) 
(completely replacing the natural heart with a 
hfyahшtuss otirnpl fa acmaliciltoИert„iou„ted 
putnpttat moderately auntoabs. cartoaa toncbon. 
TOis eXapter iduute iOt eusrunt steae ab toe ari of 
“Р^РОк MO ea-Xemt, fnCuоumo on Oeott- and 
loog-ют support, new етаИЪ» pomes, ami 
thb TAH.

BacXgannod

In met aarty' 1960s, Det. DeBakey and Spencer [2] 
... she firnl to observe that allowing toe bean to 
tea ant Pattl on ca rtoocklgrouury dypass (СРВ), the 
eohtork croldrecoper. И made opMaont роитЫе 
en manydaPtaoll оп„ even itopuko oetvs. X ulao 
ьГр™. s realm of „nssiЬidf,es. Rapfddeoetep„ehes 
us osh „rviae tecluaologies ensurd over toe „ent 
shrea dey^„oat ta coaly as 1961. e new ean^isbpxry 
wtodoa^. /he rnlrt-aotUa balloon punt/a /IABP), 
h/ufdeaefoped and lalroOoued b/Muolxpoolesaf ih 
dtbpSevan year^tux Pantsawato Usif, Щ raporkd 
thtnfutrs/pn.ebfapatiedts/atoiaoslh„0.wO„„c.ar- 
Pnooeiiintitnsb nsauo Oh SAIOO. 1„ 1962 DomnS and 
oaikognowrt^ae first tontea r„SkrpUmoaS o left 
eeutsiobiaarartut duxice SUVUtbi .50 OSta ГАРоо/пху 
year, DeBakey [6] implanted the first mtrathoracic 
LVЛe3l^essgoe„foraroeseesmora.en,repeto„alenSltlre 
pattentsuffeseb „eusok,gfoda„aoepte.nvphu,t ooh 
apo dump tadto de tosoouhntied eft. d Pept. X, 
1966, however, DeBakey [7] reported successful use 
tfc theLVADi еош^Реопер, thp Is,1 .newnand 
the axillary artery, after a double valve replacement, 
ttwas eemoved w.toont ot,enmg,tUa -best. Tt 
pxd11nrweSot™tallfedlU dag eoP eventually Pit 
charged home. This case substantiated and initiated

192
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Figure 12.1 The DeBakey blood pump, the Baylor left ventricular device was successfully used for post-cardiotomy in 1966.

the use of LVADf foe 20st-herdiotomy ropuort 
(Figure 12.1).

The intense focus and rapid development of MCS 
!у“ ,he. th'" "''"1 H“V *“
renamed The National Heart, Lung and Blood Insti- 
lute (NHLBI)) to ereatTt]ien\"Uf."ia(HeartProgram. 
Founded m 1964, this program promoted multicen
ter research studies Ina actdvely ohferrna goaulsup- 
purts for lire studyo" (hunt- i„d luug-t™ MCS 
systems, tududurg resHtrddfera TAH. When hart 
transplantation „as tempie-anly abandonah dve to 
immunologic raiachnUs iha raseasch toe lo„e-ter„ 
ass,st support was mtpnahed.Bydra early 1970s. (ha 
ArhhcalHeartProgrhnrtethrtsadarknpgfoanegoalt: 
1 to develop an emaaaanno earBrr" "ss« system. 
2 to develop a cardiac assist system to provide tern- 

porary circulatory support, _ a
1 to develop a pern,anenl heart апгеИегд^еаггуапГ 
2 to develop a totallyrniplantehCr arhfroial SrpapS

[8,9].
The immense responte to rfn NHLBIpaid the 

foundation for the fosrnalalion olLVAD ."„atenas. 
One of the earliest LVADs was developed by the 
Texas Heart tastllnte its tha mein "97Pa. Daergned 
for use posl-oarthnnaa^tsioaudgogeme mnols dne 
MCS „as a pneumatic а(Лгт„1] SVAD (ALVM1) 
„,th an external puTUxTiattoirnsolaandapesguranr 
eous driveline. Later, m 1978, the LVAD was first 

ustdas a bridge-to-tranwplaritatiori au part t^f a 
clinical trial. For 7 days, the device supported a 
patient who had irreversible stone heart. This was 
e shflestvna tn the rnsaatd. on brs aihysealgnac affeas 
of LVADs on cardiac function. It demonstrated the 
daamaacnuldreduccr1! „dicta ofcargrac wprkimh 
maiuHm syrlunnc o aafueronunP ogeguary flow

ISBaerprasshdic maVen.Ls.euBnnasrnrg aBvances 
ruth merenrumaclrmccl 1X0^ 0001,0^ tn 
aee earanhonnUV^nSrrprstdHU^C аи1ин«.п™ 
ПЦр^уЧра a- MCS,.™ fa.g HearlMale1 
Thoratec, and Novacor) were designed to use for 
П'Ао"'1 tnoport Du"^!» m tLse dpgrhh 

„erePUpranurl^thePug1i.h11l Drug Шо,™», 
fFDA for ueeaaaЬгigaa-lu-noPdphnlctfnlr. &"№ 
ally, the electric HeartMate was shown to provide 
superiorsusvival tomydicaluitrapy ofa^m^d 
haarteaylmlermtatrats.a],УahronlcMCb„aruylnrp^ye^ 
for non-transplant patients. The Randomized Evalu- 
’O” rfMec^Лse]rrnucp fo_r the Tma"»™ of 
rPsPLaseaaa Haan FfUnre(lePMAUCDl mad пот^еВ 
roanawfumrafortha PaИlr01s

Indisationg "or MC"
Mtes ts mdlMted whan dfofart f пок^н pfo- 
vide the body s perfusion requirements. Regardless of 
the primary "rocessleiCmgOosardiac failsre, the
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Table 12.1 Hemodynamic and clinical criteria for initiating 
mechanical support.

Cardiac output <2.0L/min/m2
Systolic blood pressure 90mmUg
Left atrial or wedge prnncijae >20 mmHg
Right atrial pressure >20 mmHg
Urine output <30mL/h
Systemic vascular resisSynoe
Metabolic acidosis
Pulmonary edema
Decreased mental status

sure 00 dynes/s/cm5

Table 12.2 Contraindicates criteria for MCS.

• Chronic renal failure
• Severe peripheral vascular disease
• Samptomaaii cerebreavesi2.ar dioease
• Severe hepatic
• Pulmonary disease
• Ma/imnenc2
• Simnificent blood dyscsysias
• 0ncnnCrollable infestion

hemodynamic criteria formnchaniaaa uardiac assis
tance are generally based on the characteristics of 
cardiogenic shock, first proposed by Norman and 
«,lleague!|n].H„eroo!yntaettcatiateo.!m^- 
ical support ,s often tMtatlt tn deSmn sevdu that 
a patient may not Pn able tn teshotk after a yonom 
level of clinical decompensation. Generally, accepted 
hemodynamic and clmtctb criteria tor initiating 
mechanical support araoutrinen inOagUSn.t. ,

Mechanical ventitafton is ImnnantlyrrqmteOtt 
severe cardiac dystadonn апП tyntatornafta put- 
monaryedemadevmtpht^pateniaramnntoharnn.- 
cologic support А temgptary meatnre to efabifno 
the patient „1ЛВР coaotarpsysbSioit. IfhttptarteMea 
early, this oftenanccestftdln provide adequate
support. Patients who typically require MCS demon
strate а low cardiac htogn, tkvaiod fiPhon npossnyes. 
and minimal cardi.aarcerva.ratiendftvihtphrnmc 
hear, failure usually become profrerrtyeln rPofteo 
decompensating over ftma Sorabfaptlybaitd rnquita 
pharmacologic ant .nd»nian..n snapont tn 
re-establish hemodnoatmastability o g

Criteria that ЬепеЛье Onnn
established and are included in Table 12.2.

Sepsis, particularly Irasthe pocerftial tncrcrrncp 
rapid deterioration and. oaft.^^ m^eftnrp at a 
relaUve contrarnd,caftan toMCA an agfrettiveeftl- 
tnre and antibiotic therapy.ЬипИПе tmftaSedebdr 
rn all patients. After cfthbibdc Патеру sif„s at dm- 
,cal improvement antSa nagaftye п.Апрптпу oedtrce 
the need for MCS; howevaniftho panarft larkln 
respond quickly, а devicerhotild he ptnindrnrO rnh- 
b,o„c therapy co„fl1suenpcttonarai„lely. Anndter 
important factor that reigotafs rnaahd assarsmcnt ns 
the patients neurologic status. Critically ill patients

may exhibit serious irreversobla nturncogic deficits. 
Any evidence of permanent central neurosystem 
injury may eliminate a patient’s eligibility for MCS. 
Thorough evaluating of x bnftentbnaurocogmnoe 
status is imperative an pati of the fealftonsnt.ek,„g 
tsoisyi.aprMCSplbeemnnn ...............................
.tndgtrdbpl cffUent taleattunondonbcedly rcmainr 

the basis of clinical outcome. Despite extensive 
П.п.п^пПрпс «ad cltolcal nufoame de no fornfol 
f"“ tgrye hern inftnaueddSorthapSiaamenn пГ 
LVADs. LVAD placement versus continuing medical 
ftt-sayy mgrims dimtaljungOAnlti1 „«no tho тЬ- 
nia^ed nrrp of pe„operatineeo„,nliaet,n„ osshPOttfO 
wiiSr L2ADwith the aesDmnd eDkofiOnntn lantrna, 
nrrernnl tnttnyfntmn.Trmtoitb antsteb th agnnd 
““■ echs^k ndroereeonrrdfoed Cop LVAD 
placement late m their clinical decompensation may 
d^fop abated muMtornan laHrne anb mptir. 
TftiS ,^1.0^ rnarporn the „On od WnaOh. Wide 
OVAdf support ^pstla oa^everamn otgandnrtnna- 
t»b"Onn,stitotad PeSom the onsd u.r --ot t.a 
irsntdat^tiiga.For exnntala, nnsaUente iriltr refractory 
haart brturto rutgeond eDDrndroenaonmgeb Of totOa 
as eaelp doair™ toompnnatan^iiirtroteng Oral 
han the copabt^ narupposO„g htghaePo„r and 
aftara Piro hero to rest Cists „,00^1 oopmoe 
the recovery of the heart and the end-results, or 
wnttinn for Oam ttl1nsntilltSaPlnll■ Chrncalrfodim 
have demonstrated that earlier LVAD implantation 
decralaeas morbidity ornt looftdftf, „„.попуг ^^агА 
ttilinanoio тгестееГсГаг^-тшепьПпге гга™1 and 
e.aula.arlfoPnsp.tatn1fchaena. _

AteatniO Уеу fantpr nr Seeea„nlting Ап noe aS 
IVii,. ,o themteift nd „tyoeerdla1 d)pau„ctnt„; 
a patient may require left, right, or biventricular 
.riAi.id. The causesmd Ment of „пРеаМИ dye
function influence the duration of support. While
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there is a wide range of indications for acute 
mechanical support, the primary goal is rapid 
restoration of the circulatory system and quick sta
bilization of the patiene’s ise„ioW,deaniins. _

Many patients present acutely to cath.ogenm 
shock and the luxntyofan проору,neena-giceinnwitSi 
repeated assessment ed tiff tfenOe os sCo pairppfs 
clinical course is not available. Examples include 
patients „id, left „ana oealuroen „ otrfet ntesstve 
myocardial 111 far chan, or porlscasWolomy petien-s. 
Ш these cases, b„dgertOaP„dpe tupped taiC 
another MCS may In tdprwpratte, oarnoplg MCf 
tmtrl other issues can besortedaac end, astnema- 
plant candidacy, neurologic status, or other medical 
issues. Frequently, t.ese patients receive the nxtra- 
corporeal Ablomed BVSeMOO system, eta pel Th- 
Cleveland Clm.c we gd,eaaUy_praferovtr.mora.sre.al 
membrane oxygenation (ECMO). We have used 
ECMO more often because I'ic.iiibr rapedfy ptaeaci 
by a variety of team nteidPerslearedentt. Mows, 
and cardiologists), martlo pereottneodsiy M 
femoral vessels. It provides biventricular support, it 
oxygenates the patiaut .eni fochepeawoha-ah oa. 
ten, and cannula can de tun „„Poet ^stvova antb 
coagulation [12]. Once ECMO is m place and the 
patient ,s stabilized, netiodi. evelnpmm.r pf the 
extent of native heart recovery and the patient s neu- 
tologic status are num.Smd^tOo.e—Mn 
for cardiac transplrnteidtn it citned put. aaheut. 
who do not have a major contraindication to trans
plant (i.e. malignancy occult uvvveateh'ие^кт,-0 
neurologic deficit), who indicate no stgn -П catdrac 
recovery, and who meetallolpfeae„-erwejc sobered 
for card.» BansplanUnttonelha utdielftiatagp tadt 
maintain ECMO sdoportnesyeeo 4S aoh ddhto 
stabilize the patient. If the patient maintains good 
neurologic function hive .anual be ro-l horn 
ECMO, the transition is made to a chronic ventricu
lar ass,st device (VAtab until a-konoe hmn beeomwe 
available, ft. however v раПпиС sVoinr mipavnemaoP 
rn hear, function, tire donee ur osadheUo weaned 
from the patient and ultimately removed.

An ideal MCS device
An ideal MCS systemspoaednecepeЫeoe hnacesr- 
fully supporting patients in clinical settings ranging 
from post-cardiotoAncaohiogenicshoohVochronic 
heart failure. In addition, the device should be able

to provide adequate flow, maximize hemodynamics 
and have the ability to unload the venerialosforauv 
patient, regardless of size. Therefore, to support 
tpbhnp with vuyfnp ^odyaurfaeevvreae(eSWi,d1, 
“1“ seiestion oeamail-seeedd,ansethrva„nplea 
and punaps.aee reqeiedments.-TOo nlcei MCe 
'W'1'. al!O mcu0e dee foilnirmopai ant elcas:
1 Easirpmtettd..........................................................
2 AVaetaOle for patterns uWe еефта biveretneoCar 

. !tao’“e . , if
U huppotto Vlae и si oeantodfrnnafor as needed. 
. pert-cWuolym pahentesnithanntehncimcnep.

4 Requires minimal or no anticoagulation.
f pwu structedof a biocompatible surface that does 

vet ]fae mete thrombos formetion.
h Rooull. in minimr1 dcatruation oSblowU o-

1pietrnacptoiion 5 rr. ........................................
0 APowe for ambulatioiiandphasicai rchabiOtalrhh.
8 Easily converted to a long-term implantable device.

tempo ratyM C8
Tide introdoction of temporary MCS in the treat- 
me.-e vO O.arv teilure has made survival possible for 
mai-o pctre.srs.For ementswrthpoCticardiofomy 
casdiopanics.tMk, «„01^ MCS eau Ps areU 
O'O"'g' «ег^ращее tanh UdatedcarOiemyopas 
Va pos Ру ropportaU weeks or mnatOrio btcch 
eaer optimum ontaorne. eta secovem m ccrUruc 
ViuclPtn. a, a
a OckaspanfOk^mousaedMCScuscaapaCeePoup 
for h,nhfrcaUc.em.enOomal opwctinnc such as coos- 
npydncetpbyc-s yvegetpivalve surgery aneurysm 
retnaEoiif efo. feaproary snoporf owpeif rnuenrhe 
himecriteeni pp thosefitat ksteO ondet OaefOeei 
Mechanical Circulatory Support Device.

Or cretkal value forSempurarpsuppontmecha- 
wilati.eetahapllln.af!noi..iyi.ailep.:e.l.ce.l 

eawimlonty pfw.eal setting, wrth accessfothegreat 
oef^eOs, -he Oc^ shonM agnwfor ncrse-Wtym 
doonemgafwairflowoa oit-asuvnOat^t w dm,- 
eeWtnlnica^edlЛ1,nlhat rPwtiminaey he rnactine 
r^snsenation an rn Ate саЛеагтаиоп leOnmPt^y PC 
c сет^еа rnfo eafhiaaartest Omega cvrd.cc 
catheter, zat, on. timelserlPe.ail Pune „laonotaliow 
transporting the pahovstothponerottop atom end 
the only v,able op0rtOiWho^beS.tocptar,eong erm 
nulation insertion for MCS.
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Indications for support and patient selection 
Indications for use ofMCCHncompasi2 wide range. 
Foremost, when the heart no longer safely meets 
the perfusion requtrvnicatioVtftrody.MCSivdie 
only alternative. At Uns Cauthen» aeuMроЛпое 
rapid restoration oF o.reulot.ow hnd ttabtaon of 

,
hemodynamics. .

The key is tuning. Delming whatoonUetutcr 
optimum timing „often thffieattnnd.t«generally 
better to err on thenUe oSeaolysmplantadon ver- 
“ late nnplantafton. Tf MCS a . m,doted after a ntd- 
tam porn, the dean maonot ЬеаЫе tarnnfne, 
and MCS is associated » ltd a loeneersteof cadent 

SUr™':................................pt.l .
The decision to pnplunt MCS ,t drpeuOenl on 

the paftents dnncel status. TOnie tndn<k:pe.te 
cardmlorny pump teelure, acute myoeard,al „fare- 
t,o„. decompensated tn»1 ШаПо putt-camMac 
transplantation allegraft dscfungtrcn. ace-e myo
carditis, detenorationdnemg uarauicaadietenzeCion, 
„gift ventricular teriuce during WAD pl.gcemen-, 
cardiac arrest, and ntvnuve pntenoneny embnhsm 
Of these, the two major acute indicators for a VAD 
are post-cardiotomy .hoed cemtams netl mneuv- 
dial infarction. , e

Patients uiidergonigiaardiac swreeuynroegOurtc 
areatnskformyocn^diamt-gnrsdmuhbgu^clithiin 
either iatrogenic (such as vein graft artheroemboli), 
or during aortic erosspdnmprnoi durong copgelntmu 
or from cardiac arrOyrhpuaosniUhdglrsabirdrenah 
,„es Post-card, otomysamhnnomc shook,- defmed 
as «her cardiac faiinrstyatreenlts Ьпт,_Пееи»Ы- 
tty to he „caned from CUg ns esrdntc tcUure thug 
occurs the immedtatp S>os-nneeata погпгП. V 
results from myoeardict сппчггтп-аеигоЬ-сО to 
stunning, infarction orpoer eeivoeasUnUpcese™. 
fron, and carries exicgoyc morhedag рпО о1огЕ11т1п 
rates For patients in posMemUiotumg с.г01опета 
shock, hemodynamm rnetebVt-r ire Нее рПпупс 
of mechanical supped p ^nSaef xeedt а ОрРОУ* 
mortality It has Uoein repotted that early MCS 
implantation that y- псртЫе oO shdpurSmn tngher 
flows and allowing the heart to unload and rest may 
„prove results a„n efce, .о1 rncouuuery oi dunned 
myocardium 113]. tum penente ппсЫр to lee eioaueS 
from СРВ due to «det ыпогор.п! рсоор«сГ„е enr- 
diac function or а Urge usfraopeta-n.s mnecsedral 
infarction, the tuserfrhie ol 0^рогп]У MCS er nfem 
appropriate.

Patients in post-cardiotomy shock who are put 
on temporary MCS can be divided into two groups: 
those with persistent or exacerbation of periopera- 
frvn dysfunction „1,о pop ппаЫпк.Ьспоппоа ioorn 
support and those with adequate preoperative ven- 
triontae fruisfron who rmhim s tnyscarflal ncrnh 
enh waCSas ehle to ^№*„11 eettioeril. In Ohs 
loesm gonopi y Sew doptof teinporeieMCS nrgellu 
гур-оИ io tdcrs^rulriOto of ids mdocirdtul rntnlti 
especially ,f the „yocirWat rnpieyi. ПетепУ, ПеКг- 
inineid Сур earTtac «^es.elealni^dionrapdu. 
cnd_ayhdcsrOeo^aohtr. _ . ,
^Carii,^eu^c«ookuruOeyosoh„uheg„^oee tlcro 

40% of the ventricular mass is lost to infarction. 
Tocsdng^igatieiifr io псп^^О1П1 ehooU «er acute 
щпптЫ mCrn«o„ ce ПгПОпЛусП snotnoal mas- 
depend on rapid institution of circulatory support, 
tlnrlu mddcae&l creeccolueency, rf, irfwmfc 
nr^nnue s» Sduhin -o „pcsor .огауоП Some 
nttiente tnsei tan supported -рУо. tser«Hdenus 
KlMih st dy dauEarh CUB nndl myduolaoto oe 
етотапе асИу dyposs soroaop cttold Ce enfornioU. 
isnciydeimpo^bleto wciTI haiieubr widioueleemo- 
dynamic stabilization from temporary mechanical
is1 drerrfme, iron po-le„ls 1 Ь.£<em

verted to bndge-to-transplant support with the 
nr1OlaMadna nf a Inborn1 tame -e.m ПИМИо 
or Novacor). Tins freUmqne i, sdri aettaisHe tec 
giadeuro ««,„ than an wdhont osomauedl pagan 
llddmactag„wr-o ptue Oiffienltto a-.toi.fractas 
pocasriiododa^al euppta. Udhoiny s Cng-Oerni 
LVhD fosbti^-tuefrimsplmft onerM de 5he besO 
onfrsinfnetdesepafrenso...................................................
t Ьsrrnnl,,llamnao о/ medtactaO no,deuce ,s 
favored m the experience of The Cleveland Clinic, 
"""'S-“ IABP “ ■du tta OUT lb nleehemea, .up- 
0ОП-Furfl»™ta.„™p1»rrnacologic agentg.uCt 
ot pl,dtpdnd,etaaee „MvIpcs 1^. ntbinnnog, 
eefr-c unihe. а, „оргеепиЬаее 1»-! be oefr- 
rnin 1Umt-dyeШe;e. duorug ta «ideal orodaS 
period and reduces the need for right ventricular 
«.pori 014п51. Oncu „хгО^-пО a-niodeiine hat 
neen met,tuted. tin paftenl can eo^esyo pennhic 
geeruauon aa coess п.Опо he» t rssoas1yl ceitcornan 
tunetrdn, aoh l,euroluuie datus d, tbVsSU«asiute 
-rannfryd пре^аОп evade Ю а еЬоте UPAD „-d 
air oeaan darinr beeornes eeeilleЫs Pa-le„ts„ho 
denmores^ea^lnd unnmvemedl ru myac1^tdoal 
function may be weaned from the device and the 
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device ultimately removed. Although early implan
tation of a mechanical device before the onset of 
irreversible organ failure is ideal, in reality, this is 
not always possMa.Manypatients wrll movent Ana 
moribund state with toeacf Oydnov syrnplorns antb 
severe biventricular failure.

Types of mechsnicalsupporp
Intra-aortic balloon pump
Today, almost 30 years since the first clinical trial, the 
IABP is the most frequsntlymsedcandiac sssist 
device. Primarily, itisralactet dobpadenisnsaente 
cardiogenic shock andrafractooy tnmuPocalthuoauy. 
IABP has established Bp role a tht mananameut of 
acute left eentnculardycfuncttun trnd taasbecome a 
standard tool rn tachfteo pcrlorrnink cnaooaryccre 
and card,ac surge,yhuhnlclintpae rnferteuco with 
IABP was obtamepfftom dfvrtrcOI pcme„„ orthr 
ischemic heart d,seerp;hpraavcc atrn КоЬпиГурууге 
soon adopted by caadhic icrghonsfgfue nt pa-rents 
who could not be wwiund Warn, СРВ. IABP Imr tur 
been successfully .„pltmenled a a slinoHsrna 
device for bridge-to-toanphbptadioum hilientrwhh 
acute decompensaUon OuedodrogrewfieeAhpdntc 
hear, failure. The noun уЬ^с effett nf ШВР is 
rn support of the faadsg Uncrr.Thts-r accpnephahed 
via increasing the diaetohc ссооПп root rorn„a„u por- 
fusiou pressure whdc ptecreecrngncntncuLaruifteh. 
load during systolegtoereatedchrnuaiyhtonUflow, 
coupled with a ,^<.,«1*^ ^ utahctd. 
improves myocard,at contract,I„c .,e>!. dean rcinth 
tn increased card,a| hAtA„r.to addctioi.dcprcased 
left ventricular strokcworkefredeP hyryctnlte dnU 
loon deflation ^11^5-1 a remuctappof ntyocaodcal 
oxygen consumption by 10-20% [16].

Several variables me kdowato Лес, u„e pk_ynio- 
logic performance oCCABPdPcbmccl „eacUre.Thcso 
prelude inserdou, dicatinn. hnsmg, heart rh—hrn. 
and blood pressure. Tlsc pavilion uif P-y n.cUanp 
should be do„„streugttethcrmlroUctaIAanarrerc; 
die balloon should ft, t„a noria rp that doitctg mflm 
tion it nearly occludes the vessel. Experimental work 
indicates that m adulte. guaM Гп1^ ud.eu. 
of Mtal n. preferptt^enn„^ .siAhher uolurnve 
because the higher unidmcp seyrnftsandy ппртоуе 
bod, die left yentnda unioadrng and due d.arUihc 
coronary perfusion pressure. Inflation should be 

timed to coincide with the closure of the aortic 
valve. Clinically, this is the dicrotic nofnhoO aortis 
blood pressure trace. Deflation should occur as late 
n pouibte hn „ainmuc the dtpadhn of die aug, 
.ernnl duermhc blvpd prclcn.O1but defore dryaocc 
nc upttie opens end dtc^eeePnclseiecd^. Fornmcheal 
и”-0”' РеШиои po tettoed tu pccnt »,lb h» onset 
oUte ehmlrprAd,omchl_SlCРll R-arove

IABP is both die leas1mvcpпrapndrrleasr ccfsl- 
plex mechanical cnrPeuc asciht dcnne nncAadk. 
Being bod, easy and qniakfor of_ercstdttrpmi.EC.er- 
tion, without requiring a surgical procedure for 
r™0™1'. “ is рориет imp epnucer afterloadp left 
ventricalar work and mhorarnlc1oxpaancoosampt 
fun during ryrtole; h auernems Pianohe preseepa 
and cap a,poo eh...I псЛпос. Deop„edrede рсаи 
hpearrecrs1f„e badonu „„«hew Ссркает a cfgmfi- 
tant oolumeuot decdnrhresres cm unlo^Pshmlad 
ventricle, and results in only modest improvement 
m cprdon mupft. tathormom, wtahpr or emtr 
aafuadn pnpprue. aprodcsypcrftcrlho hmm-nd Ле 
с„Осс1гК„ог,г and Ьe„efitp а— гпСгпоп- 
“-“”“ sl»ck are nncprdam. _ _
i fABP te .pevllp mpeerem acts tbc npceereeiir 
temornl attuny, most con-monCy by parrotaneoue 
еалепе, ^чсс,» mcas,nuallhЬУ|dfr|,,calout 
Ьо»„г ^„ect matron eno the errpne-mn топа ,i 
nna- ton m^d^erhltnc m-paUon rn palinum псГЬ 
tcvets «асоП.. orfernntriP naans,™ dpnuoe Ла 
prevents passage of the balloon catheter from below. 
Wpanh,n theiiadem font IABP ceqmr.s a ^0 
n, hrc rpdo otAsnldd hepcdlcata horn m tp 1.0. 
Repto„mgapeЮ,taetcdorРl п1aepalAh^Praoulcecan 
aPPempt A>,ttAh OW any thmurnpr ar ПрсЬУЬвп 
ca1П«ep■ и tuP^ft renionedc Pl«iurprhooad_thenЬp 
еи.ЬеПр 0„s „«rumt A Pre cfIaarlU0„,ln Pai 
obtain hemostasis.
e ,n iP.-.c oP „paPllenlcntc lo thiP„ dsUao, „m 
n,c™И>dtPch11Чuea, -«0.11™. nanauiPr cnntpienc- 
ft^^oecr. Td^se n,an^eaner,al thrombosis, 
emЬphcatdn„.c„^e„,nrrпcga. Othm <™^pdnahonn 
thaprnfU orcor аге ПгНипп оппИс, thrombon- 
wfthm the Ata cepem. rncaa„o„ Яemrae„h„1 
tofse и,гтуст formnutup atпoveM„cnU.r .A-VO 
fistula, and femoral neuropathy. Several reports 
Arc dommepted u^ rirP Cactpfr the. may 
crmd0eu1e to hrnb lrchpnl,s tot, Ш», jta- 
p,cce .dsnnm репп!,™! eprculhf *,^.0. d^abetpr, 
smoking, advanced age, obesity, female gender, and 
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cardiogenic shock [17]. Another potential compli
cation is balloon rupture,eApyrecognized by the 
appearance of blood within the balloon catheter. 
Indicators for IABP camovae are lehickh[n7i.,Adlooei 
rupture, and sepsis. If, however, a patiunl ur ballot» 
dependent, a replaaenreut balloon eaa bw nrsertfd 
• •
m,° ................................................ a . l

Several drsadvantagts linntthi use of lABP rn 
pahent. wtth heard fadure. Firsl, рас1тспПаг1у for 
patients with right ventricular heart failure, IABP is 
no, as effective as ottapmom sopbirtcared support 
devices. Second for pcttents „dd non-tuhenuc 
cardiogenic shock theriniay bckes ресеПуееЯасГа 
Third, many pahenlt incardnigenifshppk „ill 
reman, refractory low raid,.» okhpnt, desptte 1ЛВР 
support For these patisrffe hinhekeffeceivpmaffiyd 
of ventricular ass,T.cnoo ,s ncpeiattpe la caeveot 
multiple organ failure and/or death. Devices like 
centrifugal and pneumatic pumps Il aim proven to 
be more effective.

Extracorporeal corntrifuear purn|c _
Centrifugal pump assist device systems are familiar 
primarily due to theiirpatineuse vpring СРВ. They 
are also frequently ustd coaVAe leeante of their 
widespread availability, low cost and simplicity of 
implantation and opemhon.Odu mpeantau of oPs 
centrifugal pump .r.laeat loop u hfs.gu. A rueo.fic 
chorne of pump dengn aanbemadefot a tproiks 
purpose Tins nrakrp^rteah fur sappHe™ left 
ventricular support e^wOeafhuepp th ECMOfy.- 
terns or therapy for right heart failure after LVAD 
placemen, or eardlpu Cr.ahoplpm.foou. hat. pp.^- 
gal pumps work on гЬергтс.иГеоСгепггаииоа 
rotary mot,o„Ьye,t1peoa„tddmpblatСeСindpcl1act, 
or concentric conepMpftpn„hcacooe« ofairngk 
moving part and can be manufactured cheaply.

Centrtfogal pomps am ppuawo pootl.upeO phur- 
nal to the patient. The pump has an acrylic pump 
head with inkt aaP auffet postr, aM ptrnmpW 
angles Ю each other. Chc ceopeUap, rnmiio^eP rfe 
stack of parallel cones, is driven through a magnetic 
coupling by an external тоеиатасираокТ palC] 
(F,gum 12.2). ИотиоггааО the napcta ote^a 
constrained vortex „Ь.^пееаЫоаиаоги so pic- 
portion to the rotational speed. These pumps can 
provide a high floc, ppPo with а гектуек moocH 
increase tn pressure ach cmdprt,еu1arlyce1,clllve la 
afterload. The rate of flow depends on the revolutions

aiauru 12.2Centiifugal Pump, Bio-Medicus Bio-Pump con- 
lieOsfpi vslvalaii rotator cones, which are made to impart 
c cirtcl-r nclipn co the blood, generating centrifugal 
force, pressure, and flow.

pen minute (rpm) imorvarve to the p ump liead 
,inflow); it is pumaed fromflit sioe pflottjpgttnter 
head еЬпсорЬ asecoud cannulafontfltiw) to the 
]Oeat yen^h Due ar thp ocutufopal natpm ol shs 
““‘‘"a",*' «-„et fs nrupprb fomping 
system is less «—ко bOeod doacau^ TPe 
amount of flow jeac^ hyamlkr pump п^с- 

“ 1“ “4™ eay,«Гоха»! Л. CHlrng 
pressure [ 20,21 ]. Centrifugal blood flow, however, is 
p |p h chappe tu] ao-eme rp Л« рУутa
tufouon ,s d1„„on_cahhlo ашша- -lar М 
"“""e- Dasign diffemuces to «—«Uy пиуО- 
able pump heads are found m the number of 
impFlAlhi ffoestapv fud^lsyt ekeЫadar ami opu 
an-anntofonme o, eylnme. Dhe u.bd.0.<Чn1l».lO 
thcMkdtrp„e bto-pump (Мааиоти B,on-aP,cplSr 
toc. Minneapolis, pppp. bsetd lid tP1d co„ccо1rla 
cones generating the rotary motion. The pump 
urcce ” ' О Pom оollacr1oeldmappeneme pt
manuUоclum. TOey от mhhMek an a rnaynetia 
motorized unit that generates power studies docu- 
icsat pp ceelmfuga, pu„h1 ptrnparnd do rota 
ПАЮ!» have mperpir uerfo„nanoe mgardrng ta 
ahKkUdanwenan,oPlnlnrz1mucd Ьfooleecdc |22|.

Ddae^epUPl?,cP оcfhmquo1 am, «4*^ bo 
cannulation and device placement. For left ventric- 
ulec essirtanee, a 28 u^^nsh or e2 upendi cannula pr 
placepfor chtakluthe-eft p1 v,ptlmkft aqriP 
Okhskdagn.a,ekft „ucra^,algruoea1 Pen Hi «ppP 
ftee. evoll, tde „ghu a^noоlmtn«yn^. or 
tps left vectriak ^0. hСupflkPt.urf. ran-nPa eu 
placed on the ascending aorta. Right or biventricular
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assistance is achieved by placing a medium-large 
cannula into the right atrium via the free wall or 
right atrial appendage; the return cannula is placed 
into the pulmonary arKoy or right ypnfthebhae out - 
flo» truck. Pump oarnriO» are ueuglly arnetted 
through a median sternotomyaPPUtatepahunU eu 
СРВ. The cannula ahouirbeplacedthronuhautuh 
wound in the chest so the sternal incision can be 
dosed. Special effotl .bogOd hat.tmp ton-cuda for 
” bubbles, espechdlp Tope hhplaedcn!1de te.k 
pump head. Purse wtcmgsuttirrt uruuldbtteglttty 
secured around thecairnulu sec ones ottl rncUedbep 
,uto the left atrmnr. .

During prolonged support, the pump head 
should be changed mpry sceettd dauo to oymd 
thrombus format,on. There ,t o t.pmftcant Imuta- 
tton of centrifugal pumUrShppettiCdgejuedeeectp 
malfunction occurs or thrombus is generated on 
the pump head thrtuaquliesa nmon exchuisge. 
in addition, there -cuo pusab.hly ooeembtiPateettt 
or rehabilitation for patients who must remain 
sedated and on meiameal emit,oat,tn. o

As stated earher. ano uf th^uapts adnautagesoe 
the centrifugal pu„u uuro marc compluiatod toast 
devices is ,ts sm,phdUuoS^ooduihnii.lfa.ecaoneeldt 
have been properly plaiedsorhey fsamdsell, tatlm 
out krnk or ocdustonjushttasepo atetalorvsulnds 
„alls flow is generallp eacyto ndjtitu. Ths speed 
(rpm) of the impelirocanbe ldfceaseh drdeeccllceU 
to adjust the flow petaetieedb-themdoi aedtoa 
To minimize blood ftaonra and agetod Otf „рГспо 
of air via cavitation, rp„SrhupldЬe„tfmaolne fat 
the lowest acceptable loujeAslheecntrlfteodlSdrre„ 
isnon-occlusire.ifftowi^.dneoeuheo^mmoh 
be damped. Othenpiot. ЫоиЛ„ШПо„ Void the 
Ingh-pressure chamOee tn lholo„-oresspee.clacnl- 
ber. When adequataflotocannot be pPllCmadgtlhc 
appropriate rpm. bhe oaoMed, t uwually h--m 
eolenna. Tinsmantled dyUdeahaneSt low rem 
tral venous pressure (CVP), and low left atrial 
pressure and shonOd respond to edm»0 eepbaev 
meut If CVP is lugh tad auleatrfglpseSsdre,slh„l 
„gift heart Mute it ЫкЛу шсПЬе pdnenf should bo 
treated „,th pulrnodard vasodtUitioo and mdoohne 
support If both CVP anh heft nftu! ureerure aot 
htgh and flow is dou,lotOesrrokfem inafbe co-U, tr 
tamponade that requlstse„tatueney temxfrldmOu„.

Heparin should de edmlmstenctl Ch„ug wee mug 
from the device, as pump flow is progressively 

reduced. Transesophogeal echocardiogram (TEE) 
is used to assess cardiac function.

Significant morbidity is associated with the use 
oV the cantriftipal uurnu, paet^onleriy oOeu in uiid 
more than 48 consecutive hours. Complications 
“о""4 p bboutug, coagsilnpMhni mud n.sufdcnenc-i 
meeu0onaaodtteomЬ<le.»lshh.pl. _ _

eoinf centriSugal iinrnp o ^сОу eoonlcd 
wuh enaaeepcoble fouhrngrpSetdp-UhdPlandtllf- 
vwalmte 121-01%. [23gP6].

Extcacouooreal life ouppoon: 
PCMO uustem
d-hen 1^0131x1 an 1ЛВР aren't enough, odier means 
of cardiac supporEmaa Orappeopnafe.Extrao 
corporeal life support (ECLS), or extracorporeal 
memta. .h^n*h1Иl<snr,И. МаЧрОе„ 
ast ohw,daa ooth cardiac aod ghddoncrv Ohppu.O 
Attqhhnl,mvt d,fferent se.sKmg extst the tans 
copSeguottiou of anh^MO system m t pontriftppoS 
рттр curoned wttha hdUowfibnc loethtrrhue.huye 
peu aVraud oxngeu Ыг-Р1г. EdMO Uhl Ohly circn- 
Intta and vopien«ec ttpe blood, is tilco,^asas a 
tcm„ subsmutefot ahednSrrn cnc olator- p 
UemhChlh^l cs a lhdstr«sdr icssritdneieeoufhr 
Kdlfa,thuctlo„^nOesllsdr.cmepsnacЧlleoаcChd. 
The rnoft lmportanldlffofr„eeЬelw,eslt 10ЛЮ 
aodCPB n duration of shpport. CPUs typ.cdlo 
ucoplui.e^ fou ta,redurnhlat,-dlaceu^gcrl.»ame 
ECM^ hl des^gШd eo егга-аПстг fut huger Purea 
nuns usengodw doteouf hupari n.Toltt■h1dЫeedeng 
ccmpdeatiods associated „,lh татопаСОВои 
ceuftiSugalp-mp, ECMO uceShldP„mcoatedclr- 
euilo comdinod wtho oxyninemrsupphrliTho 
deparlmchated procets „uoothes ас-уает Wiond- 
iht rsf hePcveto the опетте 1»^ ef hPe отеши 
nnh the -180^0^ ftducl^g both tie in-ammoo 
toey „uponon and the ofaoa C o- P ddfcs of ^eeene.e 
henofmleatlonan aegdihop.oevetcmo the heoiirin 
От. iir, hdto„elОn изег-хТРе tdparmlUfldlnn 
process involved inside the ECMO cannulas and con- 
uectprs c|wo the tubust ornirntty арГет рттр bead 
and oxygenator, protects against the CPB-mduced 
lnll1mthtatosu,Юpdltsc, nod cedome cu elimhsaPs 
oba апатте bsq,aontrihfloo„^ch^popld оТ»г- 
m,seЬa„efeesary toauotd iloftmg m dp ayllSel„

Initially, m 1978, ECLS was primarily used for 
rospifatoey atp^ort.Taa -шурНо.01 veralltilita, 

le.%25c2%25bblshh.pl
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portability, and familiarity of its design, as well as 
its ease of cannulation, begAPTesulting in a wide 
range of uses. Reported by Hill et al. [27] in 1972, 
the first successful ort bi ptultnugfaECMO sup
putt was for a ycnrng „,u„ „clhO—tcagn, а 
rupture who was successfully managed on venoar
terial extracorporer1 support for S pays. Since the 
reporting of this case, ECMO has been mcorpo- 
rated for a wide rpore w„ suopwrtsunouatyl cam 
diopulmonary support, adult post-cardiotomy 
support, adult respiratory xuajcaae, anaas abridgeo 
to-left-ventricular drvi'ce от heart lung; sransplanta-

ECMO unload- the rioal venttecVe ho, dopp 
not completely unload the left ventricle, even 
though the left vensridu pvrhaad Is rapdrreed.

The first succes-fol me oCEUOS on aneainu-e 
was done by Barllet et al. [28] in 1972. The small 
volume of prime rupynud py. tiy.la. „„У erf i„e 
only form of cardiopulmtfpasy goyputt avrsOtbk 
for neonates. Thtsurreeedratcsuatess led torn, 
increased use of ECMO. fSp lV9f, 6S rqttare teas 
routinely using ECht It, trrao sgaaei ^etpuamay 
failure m newborn infants, with an overall survival 
rate >83% [29].

Tire venoarterial ECMO mode ts used primaray 
for card,ac support огаааОггоаеьоагаМАаараоП 
while the venovenous mode is used for pulmonary 
supportThecurreutspstyrcconsisrsafapooT, «atd 
sole (550 Bto-Couurle 7 with VtV V0 Bao-Rao Hoss 
transducer), an integrated heat exchanger system 
(Bio-Cal 370 Bloow Temperature .ootromModel), 
e pump car, (BropMuus 7 POSEdbiuuftl 
(Medtronrc Bto-Mepiuoe, Inc, Ehen -Уатб. SM 
and a centrifugal blood pump (Bio-Pump 7 BP-80, 
Medtronic Bio-Medicus, „пз., Miooeapy.r, MN) 
ua coiajmachoia widr ory dpgguator (Mfoovta PHua 
PRS) (hollow fiber ahegeoyh-slMedttooKCaadaac 
Surgery, Medaoiatic, reCo CordsoprOrnootty Dcvr- 
sion, Anaheim, CA) and an oxygen blender (Sechnst 
Industries, Inc., AuJ CAS.Fawuae 12.U„ ТЕ 
cannulasand connect» rre hecrm, routed IDrnefia f 
(Baxter-Bentley 7, Irvme, CA)); the pump tubing, 
pump head, and oxyornatoe aye also heaOTmcoat^d 
(Carmeda 7 BioAch'va Surface c,MeUlronm Block 
System, me., Anahs™, CAht „dngior hepArrn 
requirements but not eliminating the need for 
systemic hcpaarnlzafioa during „spoon. Ms u tys 
an trnportant facStr m phstopemliye petonts 
with coagulopathy. On the other hand, prolonged

Figure tb.3 Sta current ECMO system used at the 
owenae O-od c centrifugal pump, oxygenator, and 
heat exchanger.

stu.f>py>ib witiiovt liq\iriiii/.itmn results ug a 2m% 
incideoce of yuntricrdarthrombus and a 6% inci- 
sleeitit ef pump head thrombus [30]. So, after sur- 
Serh?„оге°’1-% ttserpatWfi fot assy b^fia-f io 
mrefullh made. Thu penentis hepaamtead torn 
eS,,m etafing mneyO 180-7,» r.The punsEatnc- 
vpo,- evblncnri by ayec-diy amniye rnteyacie care 
urns (lCUt numes and uttrttssrmnn. pnd me,„ruidfd 
6as01hyprrfi1simslt.A„y_eoidenoerfylonu88!-eaw 
primp hpad op tuЬlngtuqulrerachangttnp1eauysp; 
Eakale rf pbsma aufosath.1„anrЬrahe,fiatm Eh 
blood face to the gaebaee, ^^0» be p htoblern. 
LarUegegmelm.^deamt«ls„eeeiSiУ,tf^oyurУ,aody- 
f cuotor anp mcmaseylke yyMern rfdawfor aVeqyam 
otмgeyetoru„aУanges.

KMO cannu.a insertion anX nauient 
T'roPA"""’' _______ ...
The versatility of ECMO support enables it to 
be a^ for usnivcuftMOaCa bntentsinnkr, on can- 
diopulmonary support sometimes without thoracic 
salop.e.dalll■ГI,s,lpls|1lnerarei.a!k.EulaplOl«taaP 
etao hf cueaehal», by pyarpe,«мS cahnulatioy „pat,. 
„are bstnetenon da.g.ardreeacdue vrsesr m сат 
<6u,e6ШcrhncVyFor yenaanusИl VUMOsuapyaytl 
Nep lte-20 Frurf, (E1 саапику (ГР»пУр17.
Em1te(Baplteo7 HornysCA; F-a Ekx f. Rd«iУshr 
Metamer me.. Mideak, UT nao asserted hererna- 
uuytiriai_tooa г. common eunoyut utter,. еаЛаг do 
the Saornsrsee ^usqueyar Syr a cm doact m expore 
the artery. In the femoral vein, No. 18F to 28F venous 
ст пи I as IDpt^o 7, Baxler-toitley v, lyvine, CAi
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Figure 12.4 The set-up for venoaterial ECMO with 
cannulation of the left femoral artery and vein.

Fen Flex 2, Research Medical Inc., Midvale, UT) are 
advanced into the right atrium viM eCe uommoti 
femoral vein. To avoid lower limb ischemia, a 10F 
pediatric aortic cannula (Mcdtronica Bio-Mcdicua, 
Inc Anaheim CA) u aunnectut tc hhe arlen.rl lute 
and „ inserted into bo snpeuhoal feoteral wetery 
(Figure 12 4 . Percceanaouc femoral rnuerdron rney 
not he feasible. CatautnopAifeetenaCAr yentouihiihe 
plicahons may occur dots fureeful phcernent eP ede 
cannula and result rnveeyel Mnradetne. ригРеееГте. 
or dissecnon. In adUitum. manypahepts Ope crned 
arterial lumens and tlndsn„hyrece,nn Уг80Уоаеу ef 
yasopressorsmayenduuee,cduetye,allpur„(.h, iheur 
cases, the saPest apotoech is euoA rrelaliot, by uut 
down rather than Ьd_phycntaetbhUh auunnlohein. .

Transthoracic ECMO ehnnhlemseinon ui.eybe 
used in patients who require post-cardiotomy sup
port Arterial cairnulanuti fe nauedu placed into vO 
ascending aorta and a lyng veoouscanunlonirurted 
,nto the Femoral veen.Ouhiia ophonsOrt quttmlo 
„on are the tight accOlaty dHety nruuerdcOu st Ute 
sure (Figure 12.5) ^ll.Dm^mOCPnnulattou aUan 
must be evacuated horn ^^^0 eyoc 
o( 44,L/mm are ^читаУ- posetbln a, pump 
speeds of 3000-3200 rpm. Higher pump speeds

Figure 12.5 ECMO axillary circuit: 
venous inflow through the right femoral 
vein, centrifugal blood pump with oxy
genator, arterial inflowthrough inter
position graft over thF диГе i2.llaEy 
artery, and exteriorizaVionUy asmall 
second incision.
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should be avoided tomimmizmmnch<mical trnumn 
to the blood cells.

Cannulas tunneled through the chest wall require 
Sh operative proeeduru dor ramoval; thmseplazed 

the axillary artery oethedeceoral vein can be 
removed at the badatCa. Thebenefnef flatter, 
non-oparattve appaearPts reduced blueelmg rnl 
less risk of infection for these critically ill patients. 
When larger cammbsree nxad.tepaee of the уеааеП 
maybe raqrnred „Ton the caaanela e taoutoeOr _

For venoveiious BCMOehpeetmodetaauuub- 
bon is need rnutrndy reeue aeawo mulhoda.Ettefr 
the common jugular vrrn and eornmon temoeel 
vein (Figure 12.6) are used or the bilateral common 
femoral vain (Flgnretd.O). hnvarth» efshe ^0 
ta achieved v.a a peerelanamma eeldiauea ГееШгчто. 
Short-term eanoeenoesEChS cm. )arnn eoihaoot 
systemic heparlmzatюmadn);etermahaport7e<^шrea 
systemic hepanrnrrtronte edlem ae acWadohrng 
time of 160-200 s.

Patient managementoouaniog from ECLS 
post-cardiotomy support
The ultimate goal of post-cardiotomy support is to 
manttan..tnhtm„Prtggnslomonallorgans Weriug 
the body s recovery from an acute hemodynamic 
ireotrlt ta prevent further deterimrytmoe of andt 
o;ganOereit,ten,anmto ellowehrlsuarteo (udei,eyt 
recover. ECLS is usually continued 24—72 h, although 
ranmetpermdsarepoarrbk. . .
i Pahooer on llCMOreee,nen,tmeaenus

aoses. adequate to attr)naamLeomdular tl^oterra. 
Vanmeoeae qechon тсг»^ aaea П^пп the 
ar aeamt meoveforn, or by eeas teng the aaetet eertee 
mtrnn,^!ee rhe TEO. te a tnepna„eoal valar es peee- 
anh thotv mamtainine apeirrng auddoomh of the 
uht ao«hb anromarea Ью Pat.rntste.th 
sevaae vrhmheЬr besfe„abn suchtEvt theheatt 
fsnoie)ecfmg ЛаПу !la,aTdhaeean TCveeaf„ele 
eem ee ameentee„)treelar ЬиспПоп ar аОтпЛо- 
sis. For the majority of patients, we also use an IABP 
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that decreases afterload that can adversely affect the 
injured heart, and it adds pulsatility to the continu
ous flow generated by the centrifugal pump [32].

Patients uudergt atgdeonsdtnfteisor hhtnoffl- 
ttatton to remove cxccsc Uard-.pr et PCod.ldor 
locks are placed rn the artenaland vrrtbausconnec- 
tors during ECMO tnpeetion Uondv» «yhern^hh 
tratton. Tins technique ,u rrported by Nvon and 
colleagues [33]. whb keed rleo v„n hhVhctC then 

pa,”K- _______________________
Contmuous venooenuos hetnudial>ntq (CVVHDt 

permtt.controlofflthdhghmcbycoehhtotvdultrn- 
filtration that can be adjusted for volume removal 
and also allows tor daCrtOtanoreoeUeC.

During ECMO support. a oeihehyeotrnsohoaen 
saturation >70% n ideal thonsuruadoquutesosteduc 
How. The ceiitnfughpunih apese ecu beadjteitedci 
control How and allowoame degree olhdmlutc 422- 
hon to decrease the pthehrtnl tor 7otracardiac hueonu- 
bus formation. Momtoirng «nWot vdorud avd 
pulmonary artery dor-nhc П—s, eldispwUh 
pump flow, are crmealtoarecrc1ecmoddd,amte cup
port. The most common probtso, .. oecreoee aac 
venous dramage uaoaPp ouidfotetcd bd drugumg 
of the venous line with respiratory variations m 
flow. This could be mmcatibe oaliycdivalerth'abcli's 
also caused by canvol. lavlpoh^А-ропЬрптгс 
mal-positioned (pactlt осскиЫС ovinuhh pndd- 
rnothorax, or penc.cne.sTfodaahndCs Ehddttdnnm 
istration to increase < ^«1^^, Uokooe » often 
required tuthe first Of - after bCMO .tbeyrna. .

Standard c„t,caraera Лепца tu rntrntam a 
patients normal status includes sedation, neuro
muscular block, and condoned yentflabou. W dcm 
hlatory support pressured:odaralted veutrta o 
used to maintain peak «^„<100 pre™ beta 
33 cmH,O at tidal vp(uuкtoSS-W mCtUgttnolrcd 
oxygen is initially see oeh lOdOt.wUt, а роиШие свГо 
expiratory pressure of 5 cmH2O. Fractional inspired 
oxygen is then graduallt drrteartd ai posoftile to 
<30% to maintain a dO.betweeuSdmtnHg.Tbrse 
measurements are instituted to dimmish the effect of 
high intrapulmonash дю™ aos ohdhe„ mcKiCy 
due.“ a ung тгигуогаа rrO oosttoatnty dare» 
syndrome (ARDS).Ovtcrog aPlost„ev toirtey Vc t.ac- 
e.!aryЬeforeECMOtgуaeohettа(norllhed swcedrelet 
along with the ventilator (FIO2), achieve normal arte
rial blood gases. BloyO ga» dmRpftmn с gOO «tial 
line quantify the effectiveness of the lungs m gas 

exchange. Oxygenation or ECMO flow, or both, can 
be decreased until approximately 7ee/oon arterial 
blood gases are supported by the patient alone.

v Arfttcnau^ulhta, h stooged «ЬтЫе^!hg,sfows 
t< rSV mO/hlЬysysCmlahпdc„meat,oа.l,rhm„e 
tenuopi mftmnn. пИНтд at O-tOu„SdraCUd„d 
Шг1Ггг1 Vo memUm, a pcbtЬrooat<l timt (VTWI 
Ou^WoE S3 ovd 35s oraoa/ftamyd dvOmg nme 
(ACT) between 180 and 200 s. This maintains a 
ПЛтсе lPlel recces hnVr d» o1a of bkodmis anh 
rind fch<oC1on „^darVcr,eadoump.and m Urc 
bean canity Most paЯharnlhMmor о—p2aced 
on ECMO should So focrkdon hepa™ tnlusivus 
wiltern 241Hpat,e„B pfaceP on EOTO by ретт 
lo”0” pUehet>ra,tchouih tri etartadon hoctbrn 
^0» pasher. ECMOeИts1aar glnlaletlcgelo 
rSHnre, platelet entrnho .ЬоуМЬу dretdcetU «o 
al, «„! patavoK (mnrfoeeаl „Ppn ■.eaasraryb Its 
тстит coptaK oocr 5d.000eretv, . Fgeeh frogen 
Orsemc (mdcrM,realdlCagl aia („ип dsohedahM 
concпdlooaava^athy...................................................

Wleeurech^e7,sPhOketooahoehetd,mtra„saamr 
tareemho ts „Ча«1. PchhecrUldhdan,,s п^ Vt 
eerest<eUЧr^>fmoocarUhttrcehаery.If,mprove- 
,<o1Oпpti.„Mеdm 4W7Vh cUanppost(Ohe Ceparm 
te mgeueaпel »ыe EOTO flewo ate ttmuyrartlg 
reSmad g ^^100dlelUyccv TEEtp daafoot1ed. 
Inotropic support can also be increased to assess ven- 
.гс-и0,1 fill1c(idn maoocry l„proye„engs h «Ш 
motihd ruggost suppgrr ngay be wraorOaP a pOtent 
Ueo ocrt,Stdol M yIOlrlaulat■ OasdhooCnocisrseu,.o- 
logFcallymOelшd e conteuCofo Pos lcevahlaMat,o^. 
conversion to an implantable LVAD as a bridge-to- 
l^rnm trads^a„Ыt^onadlOltueohlootlahr ,

И о cnncoC ta allow tamePor hcoo^ardrct^stvatt an 
cnd-h^ao «ои, Ьсerdrae^hculeeоa woamvg 2 
tee(taos h orn snppyrtr Trecpraoctpkorn «у»^ 
CaOcots 0™ support teumtuon to afldep,ccs) о 
rddue(ogtnvftrwtote^,rferagrcaahlC|«lvekSvchfoChe 
man Theflow n gaadvatrn nOncod ih mcrcmaadt 
of 0.5-1 L/mm. Adequate anti coagulation is impor- 
Um1 hurma ibis low few to memm1 rOod„porih 
Reduarng пЬсЬо» av <1 lArm for roeogopenod. 
,s pppge„lacfly rean„smo„deP.Haca„otza1to„ u 
meyey^ Vc mrnrtato ac ACT oh dOO e With optb 
bhd voarihaan^c ecoporta„d an„(b,uouaTEo 
assessmectoClrentrlcle Soucteodt,dowa so reduced 
whtOmnmfoamg SosCelmcЬthoPpoetsoce.caggтaa 
output, pulmonary pressure, and valve function. A
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patient who maintains cardiac output and low pul
monary pressure w2th prcssrvption ofthe left ven
tricular function suggests weaning will be successful. 
If rai"8 '“patien“h>o ECM° fb»rhocU
follow. Patients wW, show nossgiw ofteeowry 
undergo full evaluation for cardiac transplantation. 
If there are confralnECtasns, ilsen the pahent „ 
usually left on support several days, motropes and 
lABP are ophnnzed. and ECMO Is mmoitoE. Surchral 
is rare in this group.

Complications
The most commoncompliaatienz of ECMOfor 
post-cardiotomy pati'rrtserebleed.ag, renal fail
ure, neurologic injcrks.ancl legissheniia.

Reoperahon for ekodrny woo reerttsed tn 61* of 
patteuts; renal fa,luaay-crtrredte yOa*iorl ttrntOb 
logic injuries in 11% [33]. The incidence of leg 
ischemia has been slgmfocaudy reStj.rO bygnrer- 
non of a No. 10F pediatny cuonahuduntsod dtttobs, 
tnto the superior fetnoraEautesb in „ueeuss bkeeh 
flow toward the dtitrhhnrh erb hashtirnni rnm-

"°"1,ГаЯ,Се- ...................................................
Neurolog,ccom<roat„tns itniotn.eohalknga. 

These occur Iron, vtE,oocpreoposet,ee, mfr.-iopei 
rattye and postom^atsae etrslog.es: hypoxeuua, 
ischemia, m.crm or mohro-dudmboemiroyc etm„, 
or intracerebral bleeding wrth eeon,„Ьhcythpema. 
Prolonged support htcrtases theee sioPs. harly con- 
yers,on fo an implanrpbln LVMli n8etoc»r tacoem 
mended wtthtn 4H-OE h, if ado Ithart does not secoyer 
and before these complications appear. ECMO com- 
plica,,ous include: .manta hweai„oe тЫт* 
tubing.fracture a rnntorerpcmpeinltimoeteaching; 
cannula dtslodgemrEe «ltd sr■tgbtoay.Wa dked.ug; 
thrombus formation aa cttnnnler hr puaup ОпсО; an 
or particulate embolus; and vascular injury, venous 
obstrucUonorarterrglEthemib. ..........................

Published reporlynttttebhtlt4S-eg*nfllO gnEetias 
can be successfully i«.,„e.l tuppm!. bur
overall survival, howeyc, ii „»* c.ih o„hoeOg/o 
of weaned pattents d.sehasped alina tbo„a,hehoS- 
pnal. Risk factors araoc.akd wads „crtpseh „пги!» 
ity „dude age >60 yasirs. ао^епоЕпоага!,от 
reopetatious, renal mwlSCeleney,and left dnaatncu- 
lar dysfunction [34,35].

At the Cleveland Clink Fomfoftta, fwrn 
September 1002to Ео0у1П39, 202 pehanlshicardi.an 
failure were supported with ECMO [36]. Mean age 

was 55 years. One hundred and seven patients 
(53%) underwent post-cardiotomy support. Of 
these, 60 (56%) had isolated coronary revasculariza- 
““„% US*), coronary asfoo bypess groft 
(OlAP^l and vdve opedahhori w ltd-net, csolateO 
ealht оратит» alrh 13 (1 OKdahaer potaeiiduroao 
Rrsk Owfopofee deoih „duded oder ago reaapeta- 
Е»;gudltoosanicaormctepaaoburwoalal 0aaySi30 
dg^,ahE a loaom worn 060По ГГ-Оо, ana bl*, reupee- 
livehy Paiieuts who survived» dega haOa bge/„ 
fontuawvfrid Psdiuo Рсьору»* го Ьг b„0nad ts 
transplant or weaned from support were associated 
wlforendu»0hepy* daduaetofok on ECMO sup
port, neurologn event, anh presence et пЬсИгоо. 
Compheat,ons durnaosuarpoot weaemfeatesnni 
ПУ*, n^suou», hf <Ыес1Г„ РОПСг neuhhfog,e 
events „ 33* and tab супорОгспОопг .ОПЕО 
(Figure 12.8). The dominant predictors of death 
hutnagECk%Owete ddrtpao aedrne ai.O muli;sp1ib„ 
organ failure (Figure 12.9).

to oo„ ...lienee, ECMO rnca.ee eiis „о» 
r.ertedtp ап„пр1аМаЫе EV^RsihOf рсЕьпГ. anh 
ЬогоггОу tie s htage-topanuasptaot£etlPtl ouP dal.ents 
Survival rates were 85%, 67%, 54%, and 44% at 7 
dnys, 3Odayo, 1 year, an d 5 rears, respectively, after

50

Figure 12.8 Complication loring ECMO support.

reStj.rO
etrslog.es
rnca.ee
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cessation of ECMO support. Patient survival to 
transplantation was 67% with 92% of patients alive 
6 months after transplantation [36] (Figure 12.10).

The majority of patonOn suppETtM witU ECMO 
were younger than rSyepnrsofageaad a7greeriEely 
managed. In the oldermthehts.survtvalwasniarktdly 
reduced, especially ЕаптЕабтосоИеУ wtthpre-ECMO 
renal or hepatic dysfunction or post-ECMO neuro
logic injury. ECMOenppmtn.iEuOt 1» i"0 a 
renal or hepahc dyrUnuchon Вргеае„1оп1у tttyeay 
selected patterns with a htghhhahhnydudretoytry. 
If ECMO is initiated and rapid clinical improve
ment is not seen, narly ECMO letmination is 

“t" ............................................................
ECMO is a versatile fern, of pnrlahle randtophh 

monary support. Tmu ease of direpl peuautaneour 
cannulation to correct acute physiologic failure has 
,,,creased its use. ECMO tvchnolugyshttuld oom 
tume to improve pmhnaryiothmy pahEut^suuvtvae 
allowing the pafecath racovet or mm.acrtriTS 
implantable device he UadtnMsrUmneOmtahtuc fn 
perhaps to a permanent destination therapy LVAD.

Extracorporeal pnaumareu 
pulsatile devich pump
The extracorporeal pneumatic pulsatile device 
pump is e pneumatically driven eetecvanenlsatile 
assist device used focnnsaenteicdlevoreiventricular 
support for patiento whit еоЯоГ„^г11о1о„Ч. crmPitw 
genic shock or as a bndge-to-transplantation. As the 
power source ,s extatuml. natrcup „11,0^ h limited 
Currently two differeiiiiystemsatr fye.Wlyk TOtey 
differ m degrees of complexity and desirability for

Figure 12.10 Survival after discontinuing ECMO (time 
zero) stratified according to the outcomes of ECMO: 
bridged or weaned.

short- and long-term support, but are similar in 
ability to support either or both ventriEеds and iu 
the requirements for anticoagulation therapy. These 
“У .Urelear. ” tEmined BVd-SOUtP (tEiPmed 
0aKllhUfEeplat Inc Dayyert. MA. and oEf Thoratit 
(Thoratec Corp., Pleasanton, CA).

Ahi amet BVS-5000
TheA.iomed BVS-5001p ucextracoruoeеiil, ptieu- 
maliprllyOrivOn, pulsatile VAD clinically intro- 
—псскшИ»11 and appoaed IcytheFDA in 1992. It 
wasthr hisetatoeoTporeail Pueccdringncd тртп- 
onk valcattk nn.ypmcul» nr binenmcalar svp- 
Гпср lih at tab ип^ rnd r^Urncad Uhdes, 
'lurpihe-ci PC9wdce|sOEEpvraty snpprirCfor posh 
cardiotomy pahcntt dUO.. It it e.tuh1tuh rhctt more 
Paat 1510 prtients arc entrenhyberng гпасигаШП 
with this system.

pl It AUntmed BVP-nOOO p s pariihd pump hour 
„g fooiudin.dual phhntrethppii dhшnЬecu One 
gravity-filled atrial chamber and one air-driven ven- 
Ulrutv chamber pweumahml»1 gump tht Ыо°е 
h, peeoEiOowcannuia. Hoving ihup-kidrsr pyfp- 
urclliaps lVad. co„a„ulsur syg1emia ЬЕртаипОпт 

adhere rn ACT » bSOc htui .01^ 
bleeding is controdcO. Tho autteae рт^Тее арретт 
rnatdy 5E rnm of pulreEled1t»tue,iOft hu ^Уос 
left side of the heart, or both. The pneumatic system 
urea compriercU air to Поп. tye ЫтоТ pump. Them 
are пр gar ep^ersPПte snnsnP isVчPtly auUrm.ene 
aria соппеясоРш onto^gciddiiiiiE ртшопьппхТот 
mampsioperitor lnteruend»iPlrtcnuareE.Tho pump 
апшуЬеп Ardf^sists nt ucoUapяЫepolyuclntotc 
hlailSet «Pha capacilg ofa00ldL hid amawnmip 
nuynerfBSUtamPOhe Pllroiiulpymilft?seui.emimi 
o11Urtpaor«pttl„deamau^,ldu. аПаШеТ tiocPintges 
„ theheight at die pnmpreieEve Pplhe poWntp 
by volume status. OUipU dratnt рритауиапп the 
panent. atnirni mtn the etui ciys»Poe.o(t1»Pn,hd 
pumpPassmedEwoni^^tiEimEideelriairtambeen 
dependent rn, grachy and » uvUiPiU tn die heiglel tt 
die padent.atrmm.PieCTP (ptPoad)tтUlhocen- 
tral уепоп5 8^1ртсitp Phe Ieu of dee ttlatadpnmp 
should he fcwcen rcrnarnl tn inches bnlcr, dra 
pancnt.am.nn.WhTr hlepm„pls UimglrЬfd„cepS 
negative pressure generation), it is designed to pre
vent amal collapse with «h рш»п cpde .rnd in pria 
vent su^on 05 air into the circuit. As the pump is



206 CHAPTER 1 2

Figure 12.11 The Abiomed BVS-5000, a paracorporeal, pulsatile system for temporary left, right or biventricular support, 
different cannulas, and cannulation strategies.

transparent, filling cagbe isssis ThvisurOy.VBhsnOhe 
atrial chamber of the Ь11ооП pamu isfall andthepres- 
sure inside the atrial chamber exceeds the pressure 
inside the ventricularahamtertthetngecakbletvalyed 
open allowing blood to httmrnlh the ventnonhat 
chamber of the blood pthaud- VOnk the vtatmbudar 
bladder ,s filling wtthbltead dee rn snttonndtng 
the bladder „ dispOteh and Wehveren throngO the 
driveline to the BVS-SOhO cdnehle.TheanisoUo mon
itors the return rn how as Ле veutnaclae ЬЬеППег nt 
filled and sends ooinerrsted err into tea bentrreutar 
chamber around theoutflnw bleddnr S- qeet ehneL 
of blood. The ventniculat chanthrts reqwrre oohvb 
pulsatile pumping hy bponumehe dvioohdb.Dnrmg 
diastole the an is veutaOm the ePnuiipho^. allowmo 
refilhug of the chamber dn„„g lhe nnrt aerate. OOm 
rate of pumping and htebumoonofptimp enOn 
and diastole are adinstsdby Oiepnmp niiurnpeoert- 
sor that operates af to Oto hdtru hern, 
rate. The pun,p oufomopaPnoiohgohtnn^unh ate 
account for pre- anOaUudoaP drarigeu .mddehvetsa 
constant stroke volume of approximately 80 mL

TheBVS-5000 console moniOorsIwo parameters: 
Oow through the blood pump and driveline pres
sure. Low flow usually means the blood pump is 
placed tobhigl, or theta n iriodouopnblooOptrtli 
n„ta.Hplr ртааапгетеаиа ihedtibehpeorntopd 
purrt trhing t- krnked ol ocefudcd on tlee soslannc 
raicblae aes«ance rSVR).a»p OuAO morea-ed.Luw- 

htonlrro a po-ibk^leapi-itpe Ьптекпеог 
diecoeitection rn thpdopePrru.A foktpbmp.slooen 
nr the rent nf Are convnk, aalu asa bacV-nptf the 
BWSe5eOOsоaeemsPduk1cb„toktalyfa-1 _

i Орг рЬоЬпИ suaveth a r1phtal„alca„„uЬ a 
trlacedinddAtefee naЛa,fahd ngntaAmm, „dthe 
заа .eb rattine^a a anrS-neeeeilusuoUy^^mrm mpl- 
monaj^ya8ttm.ta kft1Adrtsuobnrt,ana^ral cau- 
uuI- a biased rn tPekft atemm атАт lularatnal 
duv-otrrl Dan. trn ОИН domn or the 110аАпе1 
про-г»^. mttAeroehee malmd fee klaheaft asp- 
port is a cannula placed m the left ventricle apex. 
Thx aotalalgrafocgmiuVa mtu-„ -a a„artn„d1eO o 
tPeosCe1rdpvd aortf.PMdlcamtulee cm Vr o4OP 
wire-remforced hght-house-tipped cannula or the

(Figure 12.11). new32F anit^F tend--tinpencannplav. Outfloe
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and arterial cannulas are 42F and 46F with either 12 
or 14 mm Dacron grafts attached for anastomosis to 
the pulmonary artery or ascending aorta. The can
nulas are usually paaadlheuuiCanab™»^ the 
chest wall aud tunneled mtoUae c gdtfstnautu to 
permttstemutttdoshte...........................................

After postoperahe bleed,„u as controlled, sgs- 
temic heparinizatioc it requaret to „— an ACT 
of 180-200..Weattdeg.fra.ne the system „yokes 
reducing the flow m small mcrenoerrtd aivd waitiog to 
see tf the yentnok tatO sredpunhuzth rhokd qeldrne 
on its own to maintain adequate cardiac output. The 
process continues In thesanrrinaoqe1 asUor EhMO 
support TEE „„„norurgisdrsthlmSSorassetsingt^rr 
anronnt of recovery rn carOiaa ire etian.Hepar mira
tion is usually rncrrstaS ,n .auACU -at to.fo. 
taotropmsupportnaacCrmTEErfohirdaumgaaadn 
greases If,e How ,aOru reducer mcyonreutallc ,u 
0.5 E/rrnu. to biveulncnlaa supuost the eiktd pump 
flowshouldbeweaiardrCoseU^ekft ртатр. r

Thepa,maayadegdtaiceofflteAI,„i„,eecsi^sob,S. 
Uy to provide proloageConanenCncTLcroauauepurrf- 
uka support The damce has notdecdde„„„aCralch 
to cause sppuScant hemo^ces end fheunlketdcflhw 
tony have some degatu of rTycarhraarЬeneUn Tdns 
dey.ce has become une pennamofSalttlmannSyucad 
means of short-term meohan.cal Su„phr, fra shoah 
fton, post-cardrotomy haT fprmyodgddddtnhimp- 
uon. myocarditis, „glstyeefttodta eapport nacoe- 
inncuon with lo„g-OtmLVA^adl,poatl O,Shl.

This aysten, ps baft osah ar s Etorua^ftt.^coyery. 
t has become poprta т cotnuaurnty ЬссгеосЬ 

because it is safe, easy to operate and requires mini- 
naal bedside naouitOTfnig whOum ghemedofa 
toll-tone perfusionist Tlse pystro tonattune гоПяСЬ. 
for several days with an average support duration of 
S-9 days. The patieee caps da OcCOcre... g .nan. 
plant center for funuea rredlmana[rnl^Oaathpnct 
tage of this system versus the centrifugal pump and 
ECMO is increased moUdhy Sat thepatkm fog. 
„„emgftombedtoaohaat.dcEgrng,rffltr 1^ 
Irnnttd ambulation).Tlkf p.slpeitt cae Tc autribatsd, 
winch ps an added adcauOoo. ItoantaaataorpoiPyde 
oontmuoussyste„„oumaogdrO0baohm,tИtmoЬnt 
tty (compared wth o iinpleePubk 0™)^ .dan 
need for theраиепСпатттиаОпеК^и

Although раиепк nanereansupportad m tong 
as 90 days, the devise (a tatsaateC for short-term 
use, <10 days [34].

Thoratec VAD
The Thoratec VAD is an extracorporeal pceumatau 
device that can be used for univentricle or biventri
de suppose It ha .three ecnPAonentsi the blood 
PUCuPi Oroan^lamnOthrdnaS_ VriweconsnXi.

Tine funapssaelf ooTOtdrsof atscbdpolycaad unaSe 
Pwiansgthcr eontamc a urn,gk hllxut sack cclcaof 
On ahernutmg pos,Ouea„ddsn.aSsuean■ 0^000^ 
The blood pump, or VATa.ruoncudgn Iha asilramr 
arnommol wth anhrutsat cprosahctrcnka-apcPe.l b 
““.'„ a smoobV teamlars puncpmg cisanibat 
enclosed m a rigid case. The blood sack is manu
red from a papoaiegacy c re„od.fo. daveF 

opektosmuoy. thgnmborraatOteegilkx-liO and 
^^^[««ТТ.Ме.ССпгсс! valves monalain umdp- 
teeligrel Cowto the Ы00О prop; cemroac Ueteft 
when chesauhk frh of kloof rmd aukopagtcaips 
signal the console to eject blood from the pump. 
TIC erkrnal piieaoaakc daare ornechk cmoiCus 
asrwnacrnp prsmyc and ucgaboe aus raepsraos 
whicOemp-y nod fslltCa psortheS1cve„^lde sopp-ra 
shsokasluhrnaeot6f mE and n inacmunoa. flaw r..a 
otuUn^l]. The Есшс mcg be set in ona pt 
three modes: asynchronous (fixed grade), volume 
-ImtOpeicss^tya^ni1 rgnchmoueu1 ftfadeO eo ECGf 
[42] (Figure 12.12).

reu th aslmcta,nhde„aerc. H.fotfo rate iu flrnd 
toadisaanfuffor tmainhkoOAD suu„ort h h then 
switched to the volume mode. In the commonly 
c,Oog foui.C m.lC Uh gluyeneh pnmuiiteaok 1s 
гСпеясЬ acaurdrnt,UsOi«rupci^rl^rass1iaatapimAwi 
sunnor sothc fol . crnd ontprl rhks yuae_wOa flap 
krnng7sur prdoad Uchvc^cT totOc oaiop TSeocciee 
„„„„„^0 tbs anuPn ok kdoanttPk Soe meat 
patients. The synchronous mode is synchronized to 
dec beact o,C wide и УарПрПеа-Гап, Вагг^^ 
Rhcanc of kac ECG. hoeo ffllnig so,„orcs dra,ug 
CtoIc. foltoP-t byuump eusnon hhrasstuieOrk. 
hr«smr,itaaCr.dso be head tea „ecu hakcm. Di sc 
srenOirrrfoEuspng rcc^_of cacd,acGupettor,.la is 
pmpornirnt flaftflae VADhaa cn„okk Icaoh арсаК 
completely to prevent stasis and possible VAD 
teltumbotfor^^>n.

The ecrnstheflc vso.fokk phaicencretta^aporar1 
naatlrc auktioofodoomal wad. The a«Cto,c J sfo 
bars^and gaeaС vetseIepnm,uocarep,a a poly- 
nseOraneoaamu^brongh thrchcsawa„i eataiuPcw 
canrmSs lsol1.scd „shekkatnunrorlrOvcu man- 
lar apex; an outflow cannula is attached to a 14 mm
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VAD blood pump
- LVAD, RVAD, BiVAD
- Max output = 7.2 L/min
- Pneumatic
-Prosthetic valves
-65 mL stroke volume a .
-Rigid/clearpo/ysu/foneXousing

Dual drive console cpneulme
- Inflow: atrial or ventriculsr
- Outflow: arterial

Figure 12.12 The Thoratec left and/or right VAD, a paracor- 
poreal, pneumatically Dowiredvyetco configcrateUuni- 
ventricular or biventricular suwpert.aystev compueents. 
BiVAD: biventricular assistdeuicerRVAD: right ventricle 
assist device.

outflow graft sewn to the ascending aorta. When the 
VAD is used as a right ventricular assist system, sim
ilar cannulas are used for the right atrium and pul
monary artery canonlflfon g4M4] (Horne IWt

Complete antreoag^trourarequareatovedaeeU,a 
risk of thrombus formabon m tha pump and re the 
uauve ventricle. UmW anncoaguhnnon neqmr3. 
Cournadn, wth an tatennanon.a NonmatraeoRatro 
(INR) of 2.5-3.

Patients support on tiro TborsKc dnT a™ 
console can anibnlttnundrmtlre trosntt.nl mnamgU 
possible for then, fobs tofrnfcred horn a ctittcal 
care nmt to a general ward aflat extnbarton. There 
are, however, two „onalr^fflttons.of tde Tbomten 
System: its hnnted mob.htyand ttoTmtsd tchnbtt- 
ttatron. Both of these am dneta tdn system rlarge 
dnVe"“°.le:..........................-rt a.

New TLC-ll, portobloVAD dnvetr Totdestoanp 
hghtwcght battery or htBotatmted bwanmcnlar 
pneumatic drive n„,t Ьооииппргоуе tins situation, 
prornonng greater mN»hte,stlftcarnt and possible 
hospital discharge |4e,46] (erute 12.14). tone of oho 
most important advantages of this system is its abil- 
“У.'° P'™1*‘«S-ton» tupoott inclnnurg 1m,ma 
waiting periods for transplantation. Weaning from 
biventricular supports-ro^dain^^su^mshien.

Complications of toa ТЬогаС^УМ) are a'roi'.o to 
other temporary cmtuiaeoro snetron —teana. utae 
include bleeding, device malfunction, renal failure, 
infection, anO thromboemcnhc aneeo Multieyttem

LVAD RVAD LVAD LVAD RVAD

Figure 12.13 The Thoratec VAD system: cannulation options.
Ao: aorta; IAG: interatrial groove; LV: left ventricle; PA: pulmonary artery; RA: right atrium; RVAD: right VAD.

trosntt.nl
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Figure 12.14 The Thoratec TCL-II portable VAD driver, permit patient greater mobility and ambulation.

organ failure and sepsis are the most frequent causes 
of death while patiengueion mhihamatlsuppopt.

The Thoratec voluntary registry reported that 
the Tlroratec VAD wa-u-edm 1376 heart fadnm 
pattents u„th May 2000, br,dg,ngtiitraesp1an- 
tation (B to Tx) m 828 patients, and 195 for post- 
cardiotomy support. The remainicg °53 implatih; 
involve incomplete. infcrnaadon or Pybrid device 
configuration and there were excluded for analysis. 
In the 828 (B to TxictlieThoratecivasusedai a 
biventricular assist device m 47П caeer left aniimt- 
nlar assistance in 471 uaeea. ated lightvemrianiar 
assistance rn 30 cans t,p8o31B days oftuppttet; 
60% of the S2S patienH underwent caad.ae Im
plantation and the poet-lranipiiiiit eunceai red 
was S6%. In the 193 ranee ci pest-caadioSorny tnp- 
port, 38"* were „eanrf b^otnsnpptssii nenS 53Ж rW 
those were discharped teon, the honpataC 40 poet- 
cardiotomy patients were considered for transplan
tation, and of thosy32 receivedtraiisplautand pe 
were discharged |47|. Thy Thhiactw VAD ermmtd3 
ability to provide short- nnmnn-term.nyieeai.besu- 
lar or biventricular -п-р-П matte h a а.,!,,-!.!- 
adjunct to the cardiye aa-t-tdevaaefamily

Implantable VADbupport
The introduction of oeechankel -t-cohamry -um 
port systems for heart failure has made it possible 
for many patients to surviyewho.otherwiee.oould 
have died. Over the laea dvr decaUee, mam. hdveea 
have been developst wlncbnUftne ,« M ltd 
supported for penontrftman...................................

Although a eantic at e-ntnerlat mtylne,ea 
support (VADS) have been used to support the

p 1 g-rel-.ap -eaVE HeartMate implantable LVAD.

feHrne hearts a bridge to myocardialaecovery 01 
donr,totnei«-, the ultimate goal is the develop- 
rnen-ef ah-dUp portable implantable system that 
havA,datlscn^Ю„osudaodr-oaendArat!a of. l.m.ui 
Пеоне «hit -"- 1ппп,атаз,„еПаааа
oulcptanoet 0™^, stno inncipanomsmglnng- 
term implantable left ventricular assist device 
amtenis for patietr7 „«ппу^ to endetacfatt 
heart failure are N-nacor TCOt eWortdHmnt 
Coeeonatiose, №waeon LVmSSe Оа^ „ЭД auh 
Hetes-nfanc. 1ЛЭД> ^«0 LaЬor.e1oraes Coem, 
CA)[48,49]. Both devices are implantable, long
term- nitiynon■кula.r ranOiac «Nat danmea. (Hg. 
12.15 and 12.16). The implantable left ventricular

caad.ae
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Figure 12.16 The Novacor N1000PC implantable LVAD.

assist device has shgwe to 6eeeNemelyeffective 
hemodynamically and allows ‘resurrection’ of mori
bund patient. The next section will discuss in depth 
the spectrum of deaseee cuotidfla oe use. the ahis of 
the totally art,flcalhehrrinh tho rehdlta of do 
Cleveland Clinic s LVAD program.

LVAD: device description
Currently, Novacor(Worthheart NovacorDOtowa, 
Canada, formerly Baxter-Novacor, Oakland, CA) 
and HeartMate (TLvrrtee HvictMate ileia.ntton. 
CA; originally TCI, Woburn, MA) are the two FDA 
approved implantaule LVADs. The HomMerte 
LVAD is implantable, nulratilo mor easy to o—eehte. 
It is available in pooumahi or dactwfal diiien 
Introduced m 1986, the original HeartMate 1000 IP 
was a pneumatic punop fabhemtidhbon, tltanrunt 
|50| И housed a Cexrbltt (rxlored piiymrtharo 
diaphragm bonded ht hngtOpista-plak iietuaird 
pneumatically front, porfibkhottrnathonsok. tr 
1991, the HeartMate „as rehot.gned to a portable, 
battery powered ekrtnpmohhl.hdrbrso Orrtutneto 
Iron, the ongrnal depdfithalttw-rpeeih horqpientoor 
that pushes the same plate through a pair of nested 
helical cams. An exkrnor vent fqnrllres the m nres- 
sure and permit. enhmcrcyrtueutnrfstiipiuramft,. 
■nrebloodcomachnrrcrPgch.cpck.sm^redP.rcncrut. 
age the deposition ol rncntasno cchC lie, ,„„„„. 
thrombus fotmaUon..........................................................

И» pump ,s posrointhbchiwcthikulrcondo 
apbragm usually ina ptepentonhil hocked. Tbi 
Novacor, IP HeartMate and Ventricular Electric

Figure 12.17 The Novacor system components.

HeartMate each work by drawing blood from the 
htflcw cotnule in the left ventricularapeXy passing 
the blood through the pump located outside the 
head ond ijoarng the Head Otropf the outflow 
conrolti o,a«„otid to ooeendnso ooita, by
paosmg the IuR veulncle. hd devtcgs have porr.ue 
oeUvec mP^e enfl™ rod ooHoio odttdmt posibonr tr 
Oucure uuidtrIcm,nal Hood flout (m. »»thd-ta»r. 
HMtOtedi^s Iprue i sham mainodt inflow crn- 
1,0.111,^0» the ■ • l is hot ooit 
ripoirt COtS». №»»с haca lo„gekidtlo„od„Cmt 
cede rfaoolorm-.otOod eeetO urOhitoed ttt o rea.rafe 
cilvprhiflhw comlmi. 1Ы arlac-pbtflo„ • tt 
^,.“aedMkC^"-(akucrh■12018^“'hUtthepona 
(Flgupul2.r7i.Mtmeudo.,epshevialonc, регсСа- 
nethC. dorhelme thin «с t. idc .owor o«* 
foe f tOu «кос»- and • • atsc
НеаПМакогСт fha goenmaK aoOuttlion uh theSh 
HeanMc^e. The ЛпСое aflachei to lOe Ы nde pt 
t0e.ubnfd httea» chepholi . „.««иос» «Л 
o((d mtis hkz itrfy to Olre eegbo oC fhe b„Ь,dcoh Tltc 
HeartMate blood pump is composed of a blood
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Figure 12.18 The HeartMate systemuomponents.

chamber and an air/motor chamber. A polyurethane 
diaphragm attached to apusher-Hlaaedividys me 
chambers. Activation of the pusher-plate is done by 
pressurized sir i„ chem—ie аег^Ы has 
bearurg roll dr,ven by .xm m tSe dectne aecunx. 
Tire blood chamber Banianc ahOS ft textrhed by 
sintered Barnum mrerospberes, the daiplrcagm has 
“ integrally textured seufce. Tlri- Mhsrrftee 
stimulates Be fom.Thdn of а певитЫ-Ьке iumg, 
winch, in turn, presenns.etrtrndeuh.tthreumtrh. TSe 
driveline eontiaamglhe deane table rrnd su a,e dent 
exit the skin to attach hu Sta external dnaeeousole. 
Both models use 2t„ai, porssue caeogcafl xaOhf 
(Medtromc-Haneoeki Murn еароПРсЬОДнаеа, lhe 
inflow and outflow Dacrxn greh fondahe. anhdtare 
capable of amaxiniBm htrhlae уоВтюк ShmL.aud a 
maximum pump o(tpddrfapPH»„aCdy llLlmm. 
Novacor has a lightweight fiberglass-ep oxy housmg 
and a blood cha„ЬesoSseel^Sess ptolyumhiaae, TOe 
two pusher-plates areeonumtruhp asolsao,d flrat 
controls blood mj ection [51].

HeartMate and Novacor devices use different 
modes of operation. HeartMate can Me oxeaatedmh 
fixed-rate or automatic mode and works asynchro- 
uously to the left ventneukp sents-ccbon and ECG. 
Tirepneumatic devmaenube smdaeoniHd y,Pb tde 
ECG. To reduce blood eeaae-i tOa nh-ADaaushy fuae- 
hous automatically. Etsue,onoxours»he„ thudst-ma 
chamber reaches Who raflsrSolel 10111, ahtenUea 
volume. If,ns, the Ecg.t opeeu^es aa,o,chronons1y 
from the native hearth, e ffl-ftneasplymote and e 
capable of drangme thh bVAD oh^t accordthd to 
venous return. Duaaeg hdernhu. the dev,ее «rtka 
parallel with the 1еа™Ме^1.е1МгХгтеа8 syatenaia 
cardtac outpnt threnph ewaa>naa^ssthrvfoDta 
valve. ringile Novacor can run asynchronously, it is 
generally operated ,a a ^eo,dmsho^soomaeepdlsa- 
tion mode. The pump fills passively during left ven- 
Biculac^»d deaft W.x.» .Ваяек. OS-.s he-ta 
lower left neawricukrafteekiadiikdi,» СаггиуепПа- 
cles, causesejtdtion through the aortic valve, which 
may fadhtnfr left Лика recoemsy Nepac,1 
has a stroke volama th hlrnO and uoneeatea fheye 
М1Л””-................................................

Novacor has alwmhs had an dectna powar eourcc. 
Tfre Vented EleanxfVE) SOeenO^ueeplacehdnn 
balky external consa-wrthlhe portabthty of batter
ies. Both elecnc dene gine faftens. yfu freefnmor 
hospital discharge anb tv^ded per-ads of a tedrer- 
free exrsteaoe. Thregmafly етртеоеа thw extaxirt. 
pudity of life.

c u xl ♦ "РетОте texhnique
i Surma eurgery, a TEE is performed to assess 

the presence of patent foramen ovale or atrial septal 
ddedi a dscyent. thop regime dchnrebefore EVAD 
sctllatlan ft, preyans pasadoxкaleu,Ьona„l utc 
right-to-left shunting when the left side is unloaded 
by Are I golf. Has elght-da-kar гСщ,, yeum1..®
pevsre eyrkrnm arsenal Oasatorac,dl, [td]. ЛЕо. 
aaar ,r cV.X to .esxear -elf uxuMdg thrombur 
eahcampalenlт of theaorftcanT t„ousxtd a-ahae. 
ahn,areohuol1at,o„. A! »2+ rheald he mpiaued, 

t„eesoso eegarrnkhcin u3a- ,s alto Ue uupeiaed. 
Plta Uix MB .sflacatihciag conacXy, sOs I.sS 
hfhlncln w coЧ,lИale ha1ohked гроС. ciaally au 
elaaOohflrron^ tSe №11» упЬе^Ь ammaw 
closed. As LVAD-supported patients with mechani- 
гл- eOTtic vthvas can thrombote vcd ипЬоНге to t.ce
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Figure 12.19 (a) Blood flows from the left atrium through the completely unloaded left ventricle and the pump inflow 
conduit into the HeartMate and is pumped back to the aorta, with the aortic valve closed, (b) In presence of aortic 
insufficiency, some blood ejected into the aorta flows back to the left ventricle, increasing the left ventricle pressure, 
and reducing forwards pump flows, (c) In presence of inflow conduit valve insufficiency, blood regurgitates into the left
ventricle during LVAD ejeurion, ereatinB camo orwvioos situation.

coronary arteries orvyotcmicaHy mechonical valvec 
should be replaced by tisrue vilvev or honoogcwtt. 
Likewise, severe aortic insufficiency causes a cycle of 
blood flow through the pump auithe Isfluentrioly 
that significantly reducessyrtemin forward flow. 
Therefore, aortic n.sktfwo.etiry nr the nates forttn 
valve requires repair or replacement with a tissue 
"lve-....................................................................................

A similar hemodbnance cesvtdis oOrefkedwhen 
the inflow conduit valve bstqmet in tufftsitnt. fara of 
the LVAD ejected blood regurgitates to the left ven- 
Bide. Increasmg left.tnbwlh .гейте yndnednolng 
systemic blood flow If thru oocure.thedeyirt umUr 
to be changed 53| (FtguvADTjSr Mrrmlrenngg.ta- 
tion is no, usually rapurtml u.aredtaeks wtth them- 
tiation of left ventricle unloading.

Tire midliiiA Inc™ » nratrnded5u Ле trnd-pnm 
between the bp of tier rywhogdand dta imbihcnSf 
A pocket „ created itt Wee Миррт qu.gdhtnt <tf 
the abdominal wall bhwnentbe porterntrrectue 
fasca and the pentuneontoAtUe poeketcan bnem- 
ated between the reabut „usrle and the pnctecor 
rectus fascia [54]. The pump nan aloa.be nnotanted 
rn the mtra-aЬdo„,1„dl postboniaeoKhng naecon. 
aboil vA a pocket avd thr aoooctated comghcm.ods, 
such as pump pocket infection. This technique 

moybe wv ie choc eu foo vatienlr expactid to hove
i . o a. l l eli ..
lonv-term vmplonCb (i.e. those highly sensitive to 
human leukocyte antigens (HLAs), have a large body 
tnevsor hype О blond or deshiuaflon Wkmpp). tttOa 
diraOurnUadeofiiilra-nbdnmmar mipOAril(Utaii Орг tp 
aniora demcnknig ogintatiiteallde tame uOmplanr 
hue to Utt ntdr^nm sS .eЬkdРtinalcuuteutstn Are 
pk„o, ,п,кг,ОЙотппП аОиаеУпк, end lOe рттар 
(ocket canudAar. Afterldc punappockePtr.стоРек 
Wtepotrnp o.^ menAhe oncketwtpO tt.eknveUne 
tunneled .ubcutanepuumbfton, tbr feinkw and wut 
„Othnettgoowb wurmtA crentedon the rioOt РРегП. 
Cktr nt moatobd wohy аРппПагГ сатсикпЬопапРИае 
РАИапссоаиЛт.реиООсГипагпоПпепСюп!^^  ̂
tltenteetaetgd.Wl«icaAO1uc.ar(esttercoumphrhcd, tf 
nUeenrcKiUaevKalBehtnsutntnmo .spAaOeeaned 
manar r cenngtaafe.Ceusiou htudlbp rnkw, st We 
rnhooftOeeroИcu^,lomytOAno,WOcrdennnoetl,e 
distal left antenor dasecoding 0^ cWera » 
e d(tcgnna- eoranarg w«vy brmdattr d^^tl» 
mteevemniubrseptmui hAetdedpolnrtterpleUgett 
bad selurea aae passed ahrokgla rhe clpe of сОп ven- 
tnculotomy These sutures are then passed through 
pUs «„tug сит- of tOa Into» rernriW1 an» fied. Tbe 
eanitnla er pkaerd nt fl^eAeft venteacis ^геоп^. 
Although not very much tension is applied to these

aloa.be
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sutures (due to unloading of the left ventricle), the 
edge of the ventriculotomy should be reinforced with 
a strip of felt to avoid tearing of the surrounding 
myocardium, whenuhu nsyoeardninnlsvdiyfriable 
due to acute тупеаЛО uifvmUoc. The nulflow 
cannula (Dacron graft) aa rut to di» poapee length 
and sewn to the awandangavatu, Л^е! 
the aorta „mat he axntfed al .l.n of lite auanto-
mosts to lower recrstancr of blood flow thnttt 
be,„g ejected from abe nurnp. Cnnsrqnaaitly tbr. 
decreases the aanoudtrfttsasfapo bed tathernflow 
valve during pump sostole. The oetflow trtnnulu ta 
deaated and elamprd.........................................................

The ventricle is filled and deaired; the aortic 
cross-damp Is relevred, bllotaangflse hoad lestaat 
beatmg Tlus maneuver foraesbloogthrtrngh the 
pump, deaanaag the pump ttaalf. TEE Муа datet- 
tnrne that no renders nu tsgteseut.The octflow 
cannula is then connected to the pump. With a nee- 
die placed,,, the graft, devma Vf hemP-omnc.d, 
dearring the system. Whoa оаО^Ое,. deateuig ar 
achieved, the trutflhoagralfttunclonrped end the 
driveline connected to rhe cputruldet „id.feepff 
source. The dev,ее is retndahxed role W ГОЬо„,1 
pulmonary artery and left ffital hors aou pdtcud enl 
the patient weaned trona OPT ft lit maporodve da 
keep the left atnal prereute >l0mi„Oato ovmd uii 
ben,g sucked auto theAdPipthrougdabe uoneec-

in the inflow oredrnt. Wepimn te turrmeC red 
«■PPP^^sOtotti........................

Unless co„co„manaconhИtb„go^lefgrmot„d 
pie atnal ftbnllanon, patieutaoutU HenrtMeta 
EVADa do n ot reqrnre ^nrpogufanontlsueitpy. For 
routine LVAD auheoapulataoudwingtho paao 
operative period, patents are treated wall, aop^^ 
(325mg/day). This protects against platelet aggre- 
gatlou and ernbolizont,n. it pI redantfo amiflra- 
t,o„ during long-toaei stippgrt. In gataepto with 
gastritis or another bleeding disorder, aspirin is 
withheld or stogged[50m। .....................

Patients on Novacor pumps require full anticoag- 
nlatlou therapy dur^ EVAD snppart. Ac ongg as 
postoperative bleeding is under control, systemic 
heparinization is ftarled fot a atarfttACT aS 
180-200 s, or to achieve a PTT of 50-70 s. Some cen- 
lets suggest using tar „.Ое.р,!.»-ter„!d ОсгРь,. 
iiiftisiou the opeeuttog mono АпПеоагпОаПоо is 
changed to warfarm at 1-2 weeks, along with aspirin 
to keep the INR of 1.5-3.5.

Several conditions need to be considered before 
implanting a LVAD. Many patients labmil fOfV 
in our series) have had previous surgery; therefore, 
a reuzerttfloaWl eioda LVAD lino Wrt to he 
dtewnthngi nine cwautnnag. and prone st gleed- 
atg. Atto, paP„? »1ЛЬ1ое„,„аи1агЬиРиге will 
Advdaznugorred kver ztttO tZrtiownU heeAmuthup. 
ghd ide patent mayhape р^^.еА.грсО^1 We рте 
tdOenn. id fad d daya before (if ооеррЫе) ft» rp^ 

adA e day- after pufgetp.Aortslmm tu eSendwO 
donna .ogooro to opbi-e tha nrg of pyataperaOe 
bleudiw. dJitter blood fffW ncUoare giveuauoaedud. 
Witrenr ро.опгоу byIowiwbf3a.l„i0tttAelzft intaot 
dsaoodlanbtutauep ааартгг.аиУ oigAt vrutneulet 
Ucitftiuanpu p i,

Pahcuts „,thaBSA<1.0„ maynolbe obfeto 
aeeontrnodota Ле ПАЮ inipkeiit a ft mad naura 
abdominal compression, early satiety, gastric obstruc- 
earn, .t nbfnintad wrrnng dphiseeiice.I„ япАег 
EatieuftiileteyWiuftoAAoioeraeorpioAu.lVA.ffr 
like Thoratec.

ClevalonACllnic oxnupienoe with 
tmyilbelabld OVADs
iVt LVAW baidge-to-transplant program (B to Tx) 
1111 analgzed for cnnvbiaitd ппП „.xptahty; flaw 
Aatd to-relaforlcon.рЬрпПпп.^ foDs.sk factors 
foa ЛаЛ. boal wasoit IPod maidrcontpl|catioaas 
duwot de™., ярроао mPaoncee. sttokw oith bevica 
Mno. pi foe Cleveland dlnK. 0VAD inaplaaatr 
Ьdiad,,lt5,,aeu|ЬerlZ91.BdlFolel,,Wr20PllaldtA 
of 064 )iebetns received 277 LVADs. Of these, 137 
were eleetrie НеигаМтеаа. ST pneonapfc 5Pa 
sdova-00 lib —asehtek nrflow eoraUmt 9ypca);6i 
MaetHmed Debtkey (Ffouftou, dX)t tttod 1, l.wP 
OOOOttaavik doc, NY, NY). Nine patients received 
lttag.^tdl.eo.o,n^,•Ula.llo.,ll•a.epla..U,lsa.^^■0w. 

Mawm ЛпааЛпапаСае АиапиГ asd dentncoWr 
suhpuct, and type of LVAD device is shown in 
ancle 16P1.

Tempora0 trends
A6„Cdoapi»olpmvalahceyfvhrious LVAD deviees is 
illustrated m Figure 12.20. The number of pre-LVAD 
onayorinE pADs taa gmOu.ally aknibed. The !ABP 
tomeamoPuinumc hrtwrvfapdOae OCMOane oupdtei 
deoliieed.Oueafoe lantOa» Уeaps.AUau„edsUppon 
has seen an increase due to a number of patients

foDs.sk
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Table 12.3 Patient characteristics and medical and temporary device support before LVAD insertion.

Variable n* Number Percent of n

Temo^hy
Women 264 41 16
Age (mean ± SD) 264 55 ± 11.1
BSA (m2, mean ± SD) 261 1.99 ± 0.24
Demography ics
PRA (mmHg, mean ± SW) 179 18.1 ± 6.3
PPA systolic (mmHg, moan ± SD) 255 to ± 15.2
PPA diastolic (mmHg, me^nm Sm) 255 18 ± 7.9
Cardiac index (L/min/m2,mean±mD) 238 1.83 ± 0.47
Myopsthy 264
Ischemic 171 65
Idiopathic dilated 79 30
Other 14 5
Comorbidity
Serum creatinine (mg/dLhmmdian, quartiles) 263 1.5 1.2-2.0
Total bilirubin (mg/dL,meclian,quartiles) 263 1.5 1.0-9.6
Prior thoracic surgery 264 130 49
Infection within 7 dayseml_VAa insertion 264 24 9
Ventricular tachycardiewutmiLedaysofmgWinsertion 264 82 31
Ventricular fibrillation wiahin SdaysomLVADinsertioq 264 14 5
Pre-£VAD meelicnl anotenepoLarydLvicy support
Length of ICU stay (dansfmeoian, ann quartHes) 257 5 2-14
Intubated 2VA 149 56
Inotropes 204 248 94
IABP )UP 202 77
Abiomed 264 2 3
ECMO 264 51 19
AICD 264 37 14

PRA: mean right atrial Areossee; PPA: pulmonary artery pressure; AICD: automatic implantable cardioverter 
defibrillator.
*Number of patients for whom data were available.

N
um

be
r

Year

Figure 12.20 The temporal prevalence 
of various LVAD devices at the Cleveland
Clinic.
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Figure 12.21 Temporal trends of use pre-LVAD temporary 
ventricular assistance over time.

transferred to our institution for further treatment, 
already on AbiomeF guppor2(FTempol2t2end

Ischemic cardiomyoputhy lists beov the main 
cause of extraCorporaalfer,1,drt.reachbst70*^„<i 
has remained stablaover tine;20%iafallpotie(Fs 
had creatinine levels >hi and 20% haO .a total 
b,hrub,n>3 > .

Univariate Cox hreporbonal HaaaidRegremmion 
aiialysis was used to rdenttly рпеПеоЮге of шогИПГу 
whde pahents remaned tnn support Me factors 
included the reqnnenuntsof pre-CVADtOCMO low 
pulmonary artery .nrsaahc preasert, rrenrmtton. 
higher total bilirubin, smaller patient size, and 
women. However tweLVAD hype qam ihn a is oO fa* 
tor for death before transplantation, regardless of 
the number of devica-relaled aompHaatiano Of 26- 
patients mechanically supported, 180 (u8%) rmas-t 
fully underwent cardtmm UaurtlanaVgu; 70 SCO*) 
patients died on stap naU.Mean rupport dusabcm 
was SO days. Two cotuptr huCarwent anpCtuO: Pre 
first nnderwentapaatitlka^vinrs^culocaamygoami 
device explantation and died of heart failure a year 
later, the second paW^nidaodl for iiycop.bnr gaap- 
ually deteriorated frc NawUCrrUpHpcP_Aoaipr 
Functional Class ra.anCevectoallyoxpiraP

Competing nidepruiirnl ratopPttcrpePof ttnuSf 
plantation, risk of dealt an scppoiS, LVodN rnmovnl 
for survival and then piopresriouoeeittmats sPentur 
m Figures 12.22 and 12.23. The transition from LVAD 
fo transplantation peakr « 3 monohp Nearin 50* 
of patients are tranfoCnated « riurtmie, ciOr wSsroP 
it slowly decreases.............................................................

Hi.l of death before Оппс.рРгоГ oaaPsranhtn thm 
firs, week of dey.ce „р!.™» t6drClpfePs to a 
constant risk of 5.2% per month. Despite the differ
ent risks for compli«l^OTtsamvpgLVAD devices,

50

30

Transplanted

0 ---------- ----------- ----------- ----------- ,---------- ------------
0 3 6 9 12 15 18

Months

Figure 12.22 Competing risks of mortality transplanta
tion, and removal of LVAD for survival. Hazard Function 
driving the competing risk.

Rgu^ 1*3 rievalence at each moment in time ofpatients 
in each category: (1) alive with LVAD, (2) death before 
^тр^а^кт, iS transplanted, and (4) LVAD removal.

40

2

mo 2 4 6 8

Years

Figure 12.24 Overall survival after transplantation.

Лсгс were tfcdffan« d.ffeYenrss
^6“”^"“ and survival before transplar, ahon. 
Survival from the tmieofLVAL) insertiosiio30days, 
3 tthhsfknm wear, and 6 ync wno 84*. 74*. 64*p 
rrod 5O*1 enscecUvsln. Snmparmg rnnviPeS aba 
arnNskmaano^i devisesr nc *„Шеа* doffa-encer 
wem aos6tn.<>i«an t*opraurv,aelralara4tarl6a^s 
pkiutption were 90% ar 1 y«. S5s* .sl 2 year., CO* tr 
4 years, and nearly 60% at 8 years (Figure 12.24).
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Time-related complications
Positive blood cultures, sOininDeeVsoat atthedsivu- 
line exit sites and infections in the pump pocket 

™ compilci-lions amongpaheutssu 
LVAD support [56p O7/. ebtofdocu ths Ckvnland 
Clttuo expeneuoe teports 54* of the HearfMatn 
patterns and 30% of the Nomaeor pahenPs had pos
itive blood cultures after pump implantation [58]. 
Some sources of mferhou may hr hhe reouh ot 
pre-existmg vascular lines, urinary catheters, and 
prolonged vennlatoeveupsotl. _

Driveline infections were present in 25% of the 
HeartMate implanP mahentr avO C„ fOht on mt 
Novacor patients. Infections were primarily caused 
by staphylococcus aiadwere matiagad withfoeal 
care and systemic arrtiOroMtoe. to nhtO of HwarrMak 
pahents and in 4* Nf Nahaaoryattenfs, ahedeywee 
itself was the host foy tofoahon co th„ pomp f yfhet. 
These infections waoe treated with .anttbtohosunlrl 
hear, transplantatthtt ydtsldbe de^4formrf.h^fae- 
ttons may also he managfOwtthlnuafdebndemant 
followed by drainagTatih itogaina, wtth pentdonf- 
lodine and aiitibiohio.................................................

Exannnahon of rumuhtvpnomhehofdrtvflme 
mfcchons per pattern, a^ntdmgtododtpotypf oyer 
„me, demonstratedstgmffcant Мегепоеа between 
HeartMate and NoyaoErts^skanraP <„h4„. degum 
12.25 shows the „,ог< scgmhpant „аукат oh Угп,- 
eltne tofechon. were 1»^ ha rdtf рп—о 
HeartMate. Every patient supported by this device 
presented with at kasr oea fudeahha tofeiiayssn ms 
4 months Tire „с.П»пр р< псг_„о pffHn f тГеЯпте 
»eres,m,lar,»,thЛen„_emfanoHnaytHfaSnrho„,нn 
mores, gnifcaat rated о11п1^оп1110ГР often Поупу* 
(P < 0.006) (Figure 12.26). HeartMate devices were 
also more prone to bbodrtrernn т^Нют tbnuhe

ligure 1f.O„ Deaice failure for HeartMate LVAD Hazard 
Function.

Novacordevicrs. AU 2monihs of support, paHsn-s 
““".„НагtMntesp.eseuted with a, least one 
tdlrnd „fectoaft Tins incidence .„creased across tone.

у,, ift.
?г„юн“>1/ . i.
Devicafaituiairccur red 21 patterns, w,th a greater 
rfTraefte m HeartMate pattettt. that, m Novacor 
Oattnafryhlure гак^ет.,™!» for pnenmanc 
„гг1УЕ Не^еа. акСатоС™ naautn.atlcPee,aor 
were used beyond g asnmhri Р^от from НогГугс 
Ьн. HsattMafawas %*, Г6%. a„h Pff/e ut f. 6. ush 
^1^1^010^ ............. „ ,

Рс8огьГ„ ny^aww trrepattern oahelyrebyHazard^ 
Fui„totorgdUree peaked wkhm thetattotinth оГ 
use tosh fete g«l,„sl.Tlnsoeerallc,sgtey„ of „sk. 
h^»eнaУiЛfc™ thr oietprvasttitiafOae prom ai 
t Г95: esilyt ШureoaaШfad ros id impktetif Seem 
туре <n dsa end of „«006 ladpyH gaiyrmein gl 
,aap1ems.sdnhч>arhнrgarynroc„ryent y„nlls1f voe 
failures m 1995 (10 m 37). From 1998 to 2001, the
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VE HeartMate became almost as reliable as Novacor, 
with only 2 failures in 105 implants.

Neurologic complicationt MuringLVAD 
support
In our experience, the frequency of thromboembolic 
™,,S has been sigmhcautOg bigbrnwithNonacor 
even though all patients received warfarm and 
antiplatelet agents su peponxmendeA. .

The incidence vO eanty(<7days) ggostoperaihe 
strokes was similarfor both HeartMate and Novaeor 
devices (>10%). ThemeiOeirteptitahamie Vvkey 
during the kite postoperative pe-rod was eigndS- 
cantly different. Nctndcr was snVihhtuls-uar tVeS 
than HeartMate at 1.5%.

Early strokes are often related to ereopatahve 
problems such as cardiac arrest or left ventricular 
thrombi from myocardial infarction; tiionrforewneV 
rologic status must be tere„Uy assesseO .ahere LVAD 
implantation. Converrnly, late teske. ene predtttvr- 
iiantly thromboemtohe and Oevoerrlrned

The magnitude odrosk ot ,ЬготЬое„ЫкеееМ 
was substantially ddVrentbydyv.ce. Nvyaear hade 
statistically higher enutultlloal,y„nayoc arnbodo 
events per pat,ent than VeartMadr (h =O.dOt(0. 
These differences nilSsronibnembaho r„„ maybe 
related to the interim lusdacet of lhedsv-rea. Nnvoeow 
originally used a long, corrugated, Dacron inflow 
graft, entirely proxirneA so the „hew valan. V, aerv 
experience, tins rnfAh ootrdinV WeonentSy nhowrd 
extensive thrombus arid и peairSs adhetAnt psvontorn- 
nnra. Since FDA approval, die nrfldw Viindu.t Vat 
been shortened and drvtged to а кеНеаМ osati 
(Vascutek), or more teeendy Gdaa-trs WOsa rdroge 
has reduced the rnkVan^iVV stroke rob bn, rdll 
shows a Inglb risk nVeinboltt eeanlthan Hypaatutn 
(P < 0.04) (Figure 12.28). Even though the Novacor 
device required toM imcmossvuO.tfon .Wryecy dig 
support, no Stgmfiragediffenmcer rnthengncbeo 
of cerebral bleeding. con,pkcanon. ydtpatrent were 
demonstrated over dvon „etwees nrertdeweer.

Destination therapy OVADs
The ultimate goal V ite den'rOrymnii oW the 
implantable LVAD was to create a clinical alterna- 
live to cardiac ttanseSnnaafooorhnedicyltb^asy 
for end-stage са^отуораЛп р«»пВ win woe 
not transplant candidates. LVAD soon became the

Figeie 12.21 hwobral embolic events during LVAD 
lupport, cumulative number of events per patient for 
each type of device.

rCanVrd epproach upabrcUme-ao-trnnsplantftion, 
Aoi was nswer extensivolystudtedas a permanent 
supporthevic% until the REMATCH trial. This trial 
was designed JoJerttho effie.ooy and safetyofjd- 
HsartMoVr VO LVAD as destination therapy for 
Pehemn wich eyd-stror-hetsnr Muse »Ьо eve nkt 
constdrred eandidates for cardiac transplantation.

Ovetirmdred anwhwentysbine patieniswithend- 
ftaae heart Mime oieae nanWornizeO Sil tojemtrn. 
opftmal medicalJreySmeitt fen Ooart Srilnre on 
HermMace 1ytW inaplvirtnbon. This lewdntayk 
sNdo ivas orndneted ter lotth tln-rugb 2001 tn V 
“”'“ VVn“ Ше MoekV StVes 1-0]. The ртипагу 
vncCpointwas death by any cause. Secondary end- 
pc1010 ,„Jo.M wer,, tebeng onenvo ^foycrf- 
Ido mdicao, ((onptoms of depression, functional 
.dlhlii.e].wl.leh.lie.!rg.,v.et.]oeelrnya],bana 

w01 pahnms remain EVADs A oatidnss oodstr 
ween taesdcW meatmen!. Onerall aaVrouV showod o 
a0eW(o0dnoiou,n the nrk uodeaV Vyanocaurr im 
(We nawon yroup compared to the medical therapy 
arnup (P = MOI). Tbebpean-t0^ cyntnoOvt oi 
urnnwis a-,lypm were 52%ferMy LVЛD okoudami 
20Sh fon tlie medical therapy group (P = 0.002). 
AftwH eyaM, du smssMia К rpn nW, frn tb. WAD 
group ind 8% for the medical therapy group
Sn a ог o Z-O(P= O.r9)(Figure 12.29).
, TbrnnoaV yeart Artdroe ГПо^О elv „jv1010 eip 

ceeaffa0 ry (we „ednyil h-salmem grhuy. Tire Voot 
sornmcmcanse of deatb nc the bVADgrcatp ™ 
seps,s (41-A). followed Ay device failotr (17%). Tha 
probability of nffert1nn„eSa8% ate t mnyff^. 
UPVt ittfartionr «era V Vde dnnad ur ote or iw dra 
pump pocket. There were no reported device failures
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Figure 12.29 REMATCH study. Kaplan-tcaiehanalysis of 
survival in the group that received LVAD and the group 
that received optimal medical therapy.

at 12 months; at 24 monthtithepromvbilStyof LVAD 
failure was 35%. In spite of this, the results of the 
clinical trial showed superior survival benefits offered 
by LVAD versus opatmalniedihal tt,e4amo. .

Morbidity and mortality associated with the device 
were considerable. Dnuce Mure Pneto tafobun 
was to most trnpobcfit adv^eveuttlnt neppsrpd 
wthrn 30 days of deviho ,„ipt,M.ebi>n.ltdsk factors 
that predisposed ipfectino „eluded De perota- 
ueous d™h„e s.teand to duanatVanudtnf the 
patent a, the tune oh LVAD duptaudanou. Otoe 
significant linuhng rdtctoredsttee meehismcal -ПГ- 
nre, inflow valve „sufficiency and ncurologrc 
event Patients snpponeU autth HeeefMete tn the 
REMATCH Trial did eapsnenco improvements nr 
hemodynamics and in tnntfional elerSi The ,„fcr- 
т«,опр.о«.<1еаьу_п„иг|разпеин1араре5а„1^и^ 
the realistic feasiMdy mA TcHnation Лаару Tiers 
suggests a trernenhom „pLdOu„layfor,„sLrovel 
men,, not only ««РуаПеМ „1^™^*,, 
for changes in the U™ce desipn fn ibiptoee с„п,сП 
results. Both quality kt l,tt .and snr™t tdvpttt„e 
can be extended or maximized by making the sys
tem more durable, esl.tb I e|tlltLctp ucingt.ie peea 
pensity for infection. WBth As. сЬег^. to 
md,cation for destna_Mi„„ toiLese ronld beennrea 
reality for patients with end-stage heart failure.

LVADnsabtldciepWrtecooety _
During extended use cl IVAD at a taede-to 
transplantation m patients with myocarditis or 
dilated cardiomyopaffiysomepadgms oxpericvec 
significant improvement m left ventricular function.

Many show various grades of heart failure reversal 
at structural, cellular, molecular, and clinical levels 
[59,60].

Some patients whdrecrroedlo„Ostet„asupoorr 
for cardiomyopathy towth rcaronadk nt urera„ 
normal myocardial function for extended periods 
of time when the deeiseo.es parnntoPhO «xplatod 
due to compPcatiaos. Acdhoee Opnt геротО the 
r^tatrng seveettlmarO61.a21■Пeu suppons 
the hypothesis ЛтЛееУРГРагиИ Пеппи! ae e 
bridge for cardiac seopy«ry. lOfomm«cly. hthro tr 
limited successful dsnsiialnnpenencp.

Many patients .Л tcOo cxpthtemh mutopk 
hemodynamic changes» htmpsovsP „esPon left ueef 
„gift venSncukir funeitdslt. Trnshtotirn due to h 
torcasgmkft vЛпуП pndetostpith Dantelcs 
(LVEDD) that dem^lOo„tCL^ ееаиЛоптк.аОрг 
pressure, left ee„t„cit geometry siisC edenh pUy^v 
logic measurements nudetectnn Satcndns empmes. 
Idblnicnaretn^^wetipt prevstirs oOpitotecriary 
reareuhtt юпОРшсе heceense |ПГ.. Peak ерррт 
сьтитрпоп Лш, рорпй p„^ .MW 
imRroves over time. hVOD^suypdn Pelys rssnerp to 
semodhlmg !„-„„. at eh kvelc. usL kaD to Sunc- 
UmO teoertry Thero eUeOo soLsta„OLlk nonapes- 
tance as a bridge-to-recovery [64, 65]. In a German 
ond^a.Dp “r enp ИИп». lOp• pafientsweth 
„ilatod cartomyopttlLy fPfn,ded hVADpUD„ptsrt 
|66-yS|. Oattte«,24L.prlsuB„|c„twuf„elPlro„c to 
device; 14 continued m stable cardiac function from 
O ntneDs to 4.S yeast. Hoars feilcfe mocrrcd „n 
“„“. Р“ P“”4 to8] оо”0„с- PadtPytseetUce 
сопЛат» rehmmsd snebk wcec so„patudwrph 
tPcon ohLtc.OT,d,ro1ol Ocre„04ateC. .СГЬе РуТО 
groupOada Itrngec nrnatsunetC hfaetfatture poe 
VAShattd, ЛогНогс „ectcd Sp4„o- peenrdt „l.upe 
ee" “ Pce« С* »«”> Poo UVAD remoecl They 
yPo had p longer dt™bpr raze anO a .„wcs тсЛсю 
holrlo„.Лa„tta■ undtear rn Оро tody wen tot 
improvements m cardiac function for patients on 
n°SD аиа,^1 disaupetoem tS кРрроае reinolncd 
more thaod tcomha. Sr tetone postulato! tot path 
lonhek^tVAD o,WoO ptonlod Lu «псрЬу md fibro
sis of De mytiorfem tdU ppod on to dsCnstron 
о^ру еетЛЬрц, to^ee.oeao bt osortod 
en ties по„р« of ПтсепРа иЯраСуЬЛгсеРаопеа

Yacoub and coUcaoatr |PPC 7f eplo^ to 
strategy of using a aekcfiec 4lO-adsellпrgth rptep- 
tor antagonist (Clenbuterol) to produce maximum 

deeiseo.es
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“reverse remodeling” by inducing physiologic cardiac 
hypertrophy in combination with LVAD support.

To date, the most consistent weaning from assist 
d™“'“‘“Г Ve e-"111"' ”“’ “““>>“ 
reversible m)U„es. Patientr „Л „"oearnirroseem 
to fare better than tltosewrtbdrlatod or nsebeut.e 
cardiomyopathy |O4) Wtto rhe reul'zaUon shut 
LVADs can be succortdtlly expUdted, then use w a 
bndge-to-recovery tojfened new a^annibars for an 
alternative therapy fno end-sone heart hnlnre. Otoea 
adjuncts for LVAD snppDsZfe nm"sove "ard.ae Aikc- 
non are emerging: Clenb-errol an" ethrr tUeeap.ee 
such as gene therayy .ouh celt hranretanOnUo- ora 
cornbinahou. Thesendw estnaepts ad sdr treatnaea- 
of CHF could reduceUhe oumdor иГрсИепУопоаС- 
rng cardiac transpladfhhnnan" saduee thuourrcnO 
donor organ shortage. Results from these early stud- 
,es encourage corn,numd HFplma'tor'dfrtns shoto". 
tor patients with enU-stfeeieart enlnre.

Future directors nf ooeiut denuces
Total artificial heorh
TAH implantation provides complete support of 
the circulatory systFu butrequiect remsvof offrit 
native heart AlthoTohTAH has beenuuhd to pro- 
yide permanent аирртг, i-a met, ennurnoet role bar 
been a bndge-to-transplantation for patients who 
desperately need ЫуеиьЫт mpportama1», wham 
an LVAD is inadequate therapy. Clinical devices 
are the CardioWesb "U F.-H Li."Mly ^-70) 
and AbtoCor TAH 'rlSnumedluu.idhnnbnrOpo. hOA) 
[72,73].

The Cardio West C-70 (CardroWesl Teehnologinr 
Inc , Tucson, AZ) ar e purtmadpal^y Pblvea.pn^- 
satile biventricular cardiac replacement system. The 
prosthetic ventricles are modred polaomthaon, 
Medtronic-Hall meuParndP "Uvi )rovadr udm- 
rectional flow. A diaphragm,.windr reo-ael-during 
diastole, separates ПОроО and tuu. and os deplaned 
forward during systole by arerp^ersa- pa to propel 
blood out of the TAH. Hunt. rreclppp inltaL-rnm.

The TAH is impOinle" intoe „еЛа—.after 
the ventricles have beeo a'daddurhe afttatyuPr .are 
retained. Drivelines are external by percutaneous 
insertion and attached to top ponsole.Fuh.'"item,- 
an^coaguh!t.on,snhaetaueyfraghrerУ.lЮt. p

The AbtoCor ,„rilruatobk^luae.tna^t beaui 
(IRH) is the first implantable TAH. It has used for

Figure 12.30 TAH, The CardioWest TAH, implantable 
pump and external console.

destination therapyfor ]^j^30ntswihh irrevwrssble 
bivenMcr"^ rnd-spuge hertfehtte with no other 
Utomapeutfc^puons and a life expectancy <30 days. 
Kio toe OnftaaMro'didmitlto arhdoael herot ryslaus 
toar use .«nauro fdriayU'anrim^ton f 
lo„i,pruv,.d„lo powar yeudei the r"m. U,s r Urllx 
onulentaOlt e"ste„ wtto.two prnpprng chamfers 
andthree--ea0et «*«,"« prutfde condennouL 
niutoredionnlhydraol.c How „„non wa an otara 
cally driven centrifugal pump [74]. It provides a range 
offlowtlr"nr 4 to UUmiu. Ali blocti-wetduesmi1 
rurfeoet uf tod ЛпоСоо P0prvluyureO тсПрПтоЛе 
dneo-^dhте(24tryn'шAnnatUtnoreth1).mnoa'- 
ether urethane (Angioflex, AbioMed, Inc., Bainbridge, 
MA), toto fomrs a mooto apd_ao„tolO"u-.Ыoode 
condttatod.rrufce ftuidthn infhirp cuffs a- -tru om- 
flow grafts (Figures 12.31 and 12.32).

The ton- extomnl отитоМо ososps, oh an 
entevt^5 Sraascutane"Ude„htLyer.nieazr lOET)ou,tl 
Ohiler^eemET тоПик гпП о hedddc co„s„ae.The 
ax^ernafTnT^tod trsmdfers f^ogy across tor sb„ to 
.» m0die^ "do “" •otUh ■ecu^ed_httuvdo uuternal 
coil with an adhesive dressing. It can be connected to

tUeeap.ee
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Figure 12.31 The Abiomed AbioCor: 
internal system components.

Wireless 
transfer

External 
battery

Replacement 
heart

Figure 12.32 The Abiomed AbioCor: 
implantable replacement heart.

either the bedside console or the portable TET mod
ule. During patient ambulation, the external TET 
coil is connected to the portable TET module. This 
„„dufe delivers ™,r »d» srdernal oieilfth„, 
external batteries. TU,„ brdeide ceniole ,a msed dur
ingimplantation, reo,very,a„dhoq,,n.hza01„r. TOe 
beds.de console prmmnied a dinvcnsn „„b r gnaplnc 
user interface for axnSrol and aionSornagoi „re 
implanted system yidgamp П-чит-Г ИИ cornmn- 
nication. The external batteries, lithium-ion based, 
are able to prov.dd Unf eye per pound rf 
battery and can Ы a meat i . qu
attached to a velcro belt [75].

Results
After a series of successful, extensive animal research 
studies, preclinical implants and in vitro studies, the 
FDA Ttau udb^rtwelin January 2001 for a multi- 
„„^eirnaLSEenmAfepnnaniis^ereimirSanteasdid, 
the Ab.oCorliSH spntbnr. The mulncemtearlsniral 
trial was designed for patients with severe irre- 
„sraible bivsntricular Murn whowere n od caridl- 
idles bn- oStii- ty-n aS P„pa„y. indndrng Sean 
traniplanradiin. „baa „wo оь тахттт теОка. 
ditrap-e and.depee„e„s „„mnleopicagente, AWl 
padent-prnUrdrtes Oad e SOoday pretend man- 
tahty of more than 70%, based on the AbioCor 

beds.de
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prognostic model or acute myocardial infarction 
shock scores [76].

Exclusion criteria included active infections, 
severe peripheral vo^uho sticeaso, blood dyucrasta, 
recent stroke, or transient ischemic attack (TIA) 
due to arteriolosckrExis. All potential tadpiaodt 
underwent a eonrpSeVe psyelio-hntial evahialtou. if 
clearly ■ nd,rated that .a patient oar a potential tva- 
d,date a varrety ot degttol thoracic imagei oA aha 
patient. chest weteporfowneedi end-ao eonsputo- 
tzed tomography yoanaud inaguehc eeseuapoe 
imaging A sophistteated softw.rre prof ram allowod 
for nn wtm surgery тоуПтО-Сап, ad doe AbmCor 
thoracic nmt.

The primary euU-aomt was rnorfahty. horn any 
cause, in patients will, severe Image Pnlute ant r 
predicted life expectancy of <30 days despite opti
mized medmal mauTgeoirnt. The aeyoirftaaft- 
point was any adverse event, device malfunction or 
complications related to tha presenne ot Vra data. 
Quality of life was also a determinant.

Age range was ml-Mmup. to pvheem weee 
wchemm and one Си^траПек caadioniyopiadtg. 
Four patients had preeioptcoronaev „foryOgptim 
surgery; all patients were dependent on inotropic 
agents. Three patieot- warn not wpe.tdaraO Bang
plant cand,dates bFoniseoa ego P>70yeao.ts fotto 
were excluded due to high pulmonary vascular 
resistance and twohadsignifieanteev al dysfnne- 
tion. BSA ranged from 1.83 to2.1omooo. CpB 
time ranged horn 025 tn МОат». Fonu gat,-nK 
lived beyond the bO-dtyseudyend-pornt, gwreo 
then predicted life expectancy TOsrr mere evn 
intraoperative deaths (dot to intraouerahoe isleed- 
mg or aprotnm, re-elionsC. Four -m deaths weee 
recorded: one horn nmtasystam organ Cadure and 
three from cerebruvettgOir aaeidem (СТА), oue 
patient is alive on support. Despite strict anticoag- 
illation protocols, lO.o^beiembnlSo maha weve a 
devastating phenomenon, crastugyeuni the tuppert 
struts w,th,„ the atria-cuffa, NeecatOykssthe 
АЬюСог showed а highVrotce of rcl,ePi1im.Th-ae 
were no ser.ous ае^Ы-а n,-ee-imtSgvalilu ••
life was significantly improved m four of seven 
patients [75].

hr summary, tha AbmCm swriem kth0 Hrr- 
yotally implantable crOftonl Secant Eari- eronho 
from the multicenter trial demonstrated a high 
degree of reliability ohtgagli morbidity and mortality 

rates. Regardless, important goals were achieved. 
TAH technology will continue to evolve.

d^nrihuo^aihow ttevteRhs . . a
The next generation of devices is continuous flow 
laninpe. There are either aria.otmlgwt) or nemudu- 
gd trashttoiak ■ ndonanU untflow relahenmlnp) 
тшаШге pumps thpt yeoxt oelt ta ^0.01) nagh- 
ntatO ^evnaohons nnaapimpellesblade Thue ace 
el„allaua„d-,oЧ,ulalt,lс pumps that Aelooeea eon- 
stant blood flow, which accommodates with vari- 
WS‘C pmSocA .„.J yu.tityo.l hemanmysmi... aУoaalhnt. 
Pheadeantagre of dm« pu„-osaree„hchsot.Ukf

drosces. stout ИУ^Ои-ГнЫе fo-to-d ootU- 
alns лО smaid adultpaSssnlsl.canba olaotO pom. 
dmited aurgcccl d.sseplthie da ceoafea pphfft ynUtel. 
do not require vent huoand 5» hugte trneto amaltee 
thirn thepttWvide duet eeducmg then-0 nf yumy 
itodaet and d„ae ImamfecBdnolOac тсуепеесе 
hooica sikotsystem.withont dalvee. aeduaveg Pen 
OAOe cl mfoateon andyalpe maShinatoans, andean 
tm aatser d- octuveeli» a cooipielaly.naylantabSc 
design.

ya^2OT0
The tarvtk wOO0 Heart llorvrk Hear- .act, New'To--, 
NYj m asheni con^iactaxial flow impeller pump 
-bar or.gucetflow ar nke2osof a rotating, vaned 
impeller [77] (Figure 12.33).The blood pump is 
nnrhi hgliAnecht (2.5cm X 5.5cin, Sag. ПЬрЬсг 
тат-Лте 25„Т(Ь,псн„па0ЫС1 eulael-ea ang 
con-ame a em-e „toning p[ri (dye rolorl well s 
high rotational speed to promote blood that contm- 
ll.F-eo1eaJc-OKloui|^yeileyaa.!l-™,lmloual 

hoe oahuatuaoyl tnyslihcs duvet co-rem motor 
contained within the housing creates the electro- 
megnellc aoeae neeesreftl loao(eye fye amoeRe1. ^he 
аСоеОаертиоотв snfto. witdaa Abe u«o.e. 
ealVAWИurw-mth 0И„у„| Dtp „ tPe pgef Vow 
Vis^. ao o-ernal -hn-pha„cech.el„Off op viol w 
nesned.Tlrcpump ,a „рП^ьЬ theough a ieO Юр,- 
raenty„y os slernotontyTheootflpw geaftcan 
H-pPiacnon the esceoVn-g ue deetendmy hvbo. 
Ties puoap ,e^pys,voiudt^sdeto me aoftuomeeo^a 
(Figure 12.34). Either a percutaneous cable con- 
nca-cd tnarnarrually поеаа1рО cvutm.ki о--ИуиНо 
implantable system can power this pump. The per- 
onaneous gy>»er cable pt rrtemafad ornauyh the 
right side of the abdomen or, alternatively, through



222 CHAPTER 1 2

Figure 12.33 Continuous flow 
pumps: the Jarvik 2000 heart.

Figure 12.34 The Jarvik 2000: heart, implantable system 
components.

a skull-mounted pedesta1[34]/Hlu' vkwoo cable is 
connected to the conPonHer which controls and 
monitors the impeller speed. Continuous power at 
12V is provided to theemmolled pod psssup by 
eitber lithiuni-ion co lendcpeid batteruCo..........

The impeller rotatesOspretsofS00b-12,P00dpni, 
providing blood doo of up th d Lbnrn,. Pe»ro 
eousuuipbouisCirW.AltOOOm.fbobiiirsta^.diu 
pressure of М„,„,Нт.Ле|ргг,к 2000 psoduees 
flows of slightly moor Voio IL/urnd quote ssffiuont 
to improve the perbnsumoee of a clnomp fading 
heart. In addition, the smaller transabdominal or 

post-auricular power delivery drivehne ittesspcone 
to infection than the larger and stiffer lines of the pul
satile LVADs [78,79].

During impLiiitaOon.seuialechoosrdiodrafvs ydA 
simultaneous blood ofisrciemeasnremunts rrs use
ful to determine the tppLopnatelarwk 2000 pump 
speed setting Some e,eeUoi, omOus fS-.l ferios l.r. 
left ventricle through the aortic valve is desirable to 
avoid blood stasis sndoSidrmlrnf fonrnmenm the 
aerue met. The pump rueee ioad,t.omrftom SOOOSe 
I2'000'P“ <” 100°s2" nih-erstntslvthtn tlssaor- 
ue valve is observes!, tdPn ронЫ»- is us .rumol 
speed setting of 1000shnitess|liannt0emosdrtwlusd 
the aortic valve remains closed.

One complication that oo-tus veth, themnnldow 
pump is thrombosiswitbintOolelS leuhtotm arttnnS 
the inflow conduit. «tadr mae gmsemtr rnhpw 
obstruction. Partial or «44— mflo»ons2sorOo„ 
can be determined Uemaatmtncseee „.power 
aequnemeiih of tht pump motcn hUn needs to me 
confirmed by echoensd,ugre„ Sysfain,r оттВ,- 
device thrombolytic sOsmpu ri rtee tieaimeuS Oos tU|r 
coniphratsnu Thronibotirerthspevire umyrmds 
ns nothn fso™ cs pAmrhou rr mbhi orrsmp. 
OUpualOy rr e^„Л„dho„ pVhoee„oe2Culnr-d.oetoa^, 
hsp^rni moofnnn, dlomкlae2olo auh em„nt .spsth 
ehra^ulat,o„ aud ioscppressр^р! Psurlif^rn

Chmeel tmd,es of 0feJaeeskOe00llS2np»Ьemg 
ooumtottd ie rh^vroShsourSbeUniloO Ш 
in five centers m Europe. In the United States, the 
studyitlvolvee onlytt Slmporeeuuel oftlis Jeooie
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Figure 12.35 The Micromed 
DeBakey VAD system.

2000 in heart transplant candidates. In Europe, 
however, the system is being used as both a bridge - 
to-transplantation and destination therapy. Indi
cation criteria of the Ktdy ere №» Y»k Heard 
Association Fun cttohowWCVaw (NttHAFCilbeiagduse 
rndex <2L/mtn, naontmom modtcal tbarapy wath 
IABP support and on otOeo ^cant naorbud,t,ns.

Between March 2000гЫ OetobtadOd, the|rrv,k 
2000 was maplataekm 45 patieiils cnritCbde la 
Europe. 11 of 15 paloBts г^егеаирр», led asdastri,^ 
tion therapy. Average duration of support was 285 
days. The United States pnadita dapuladou t^eo 
support of 50 days Ebsa Ya.tpalae.at ,r„„in.! sa,rb 
Jarvik used as destination therapy was implanted m 
June of 2000, morethrn 3.5 yeata laStr. alse aatwnY 
remains alive. In the United States, three centers 
have implanted the ustikk 20<ldhd » ptbeuts as e 
bridge-to-transplantation [79,80]. Fourteen patients 
(52%) were support to heart п™-^.  ̂dyea 
paUeuts (17%) coutcane m saopdracwetkngttpte- 
pkiutation. Average pditanmnsalematioa Da^-up 
period for surywaaagaahena. isle „taathta fraaktet 
1.5-28 months). Average duration of support was 
6S.5 days (range: 3-2.0 doy-l. On sapporu, poStsta 
hemodynamic function improved rapidly and 
inotropic agents beeamo unneresstry m mosl cases. 
Serious complicatious dnrmarospon pagtaeed on 
IS of 45 patients. Patact deallm wsre bar ton seme» 
and multiple organ failure, four from myocardial 
ischemia, one iron, „eatuloaefoy, and fotee tat 
right heart failure. Two destmation therapy patients 
d,ed of severe snbdaaal Ь^спиИшао. Taa ^foeabw 
resulted from complications associated with the 

skull-mounted pedestal in one case gnd from Thiel I 
in the other case. There were threedeviye-Aelsted 
deaths attributed to device thrombosis, stroke, and 
improper pane» caЫe di^ndo„dy ths paduM. 
htotathsdbS сотрЬеаи™ tccahaded left ventr.ds 
.““ ,cptoшrytlrtohtbosss,end 8-11™,™- 
bksditsg. Utasp pamese vsy anaadtdnuc<lroOiOatt 
onfo Ivoa ,Ьг™лооо„ «hyaaoa ltPA) foa lyssa ol 
“cantae!. seral,ets NcmponamshSecSiodsaiem 
observed.

Mi.roMedDeBakey
T!,e Г.ЗпиО.Ы DeBakey VADfMiarmea 
Houston, TX), is an axial flow pump being studied 
drmaaSt.. sdhaLVAM coorsisk offtake systems: a 
mumaturltetstшlunt axtafodtso patap, an rxteeual 
“^““1 aasd a cluneal ^«^■.««0, ftnwse. 
■nas Oceter sneearolkrnnonpatly aMoatetd mm»- 
rnrcsd, ovO fuGy dnaSdutabk. Апатит rnltoni 
aa„nuSncontlerts thd psiiiiv to eta aoeo od she kit 
dekaalde.^\Vasmtekbelwedvs hasnoasaemfetoot- 
hea eondnni aonneeft ata aump to tde ereeudmg 
aorta. An ultrasonic flow probe is placed around 
dreoualotn ponduit. 0bbrthtOl wllhtVe Goa penta 
wiring, the pump motor cable is tunneled externally, 
mhb eha а!. Шас as.rt. And ataada0 oo „» Lessum 
ee^e-stdlriemrota- суМ-аа. dbso pump paoducas a 
dlow ef 4o5na™ ansseoh aCaetniHg p-e-sureatth 
hseldducsr-lmpeИrsanlmnvk dtabsmtiaiOModmi 
„ reqouss_>i0W oO soant роае,, Thye pimp tr 
s.t rndm „diMaaeaaaiaed 3,„deee,a koealt. pie 
ammo «aSdate of the oumVllneYvhng ehenOlow 
cannula, is 35 mL [80,81] (Figure 12.35).
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For optimal mobilization of the patient and free
dom of movement, tin electricaTEowe2 is delivered 
by one of two 12-V batteries. Each battery lasts 
«h. The entire systFOt opS^t dAkgr Zlre „ 
,e m,planted throughamedrae aternntente mcu 
sion This incision exteinis a few eennnteteasbeiew 
the xiphoid. A s„„61 ahdornntalreait pocketw egy- 
ated below the rectut musch thtrth. . .

Tire common recomrntidenon for xnncoactiia- 
trcnisfobesnrrntrayenousheha^msubehta^enus 
1о„-„,о1есп1а™е,8ЬеЬерюпг ya soon m posfoy- 
erative hleedrng is „„metal e„e my coeemnmhUhy 
„ controlled. It is 0m„ convened Us mountim. 
aspirin, and clop,dogwel m ta atcnWnd tegm,e„ Ops 
anticoagulation.

Ou,leal results praaomeo by Nton it1 m Oae| 
showed 51 pahems 0« idalce/h Cenra^eo) es^lnutod 
with a MicroMed DeBakey LVAD system m Sep- 
ten,her 2000 A ddaded acaoeort of die font BP 
patients has bee,, conned. Sepporl dnraOou 
ranged up to 133 dniry 21 paCieuP were nikeorLed 
more than 30 days eiid let pehents were seppuaCoU 
more than 60 days. Med™ time bo mano^dudep» 
74.5 days widr a me0ldnihpuurtretlo ofPOdaes.Uhe 
cumulative number of patient-days of support was 
1876 days Hftypercmnefdae pahemo...РЫмк 
cknical trial had uhopatPscdnalyd mrPiUdto.uuadeye 
38% had isdremic cmdiutnyonathy. Moanceedrep 
mdex of paheuts was a.PUtam/ot aradao aeeruuo 
mean pulmonary pcemrne oh aSrnptHg.Urmc Piese 
data, the probability %f surwml mdJO da)o after 
MicroMed LVAD implant was 81%. Eleven of the 32 
paheuts were trauspbmxd. Ip of 30 p.ehsms eiod pan 
support Death ,u muripadems occurred on a cestda 
of multisystem organ failure. There were few mci- 
deuces of kale bleedmg.ruosn посо.з1Ч1 .«ptel 
days after ,mplaMaOdu.01,eDapyeaeed0aЬereia1od 
Ю auticoagulation. Theec woo a^m a 0)3^ uicdkncn 
of hcmolys.s. The M,eaeMed is epnptouod0tthch 
flow pump with an autpuI Пши UeIзr„„„hdnythe 
pumps rpm and the delta pressure between the 
inflow and foe ouftfow ennPu sftet. AM loew aprn , 
the pump output ,u pnutte veneodudeodrud oyshe 
ventricular pressure chen’es Uerng cardiac anti cen
tral aortic pressnrehContunccttyi defaspnoduced Uo 
the pump may be styedic OTpod»nhidusia„drsgsrn 
the delta pressure. Pump hdwmaedfcreatewhenthe 
rpm is increased above a certain level because of pro
gressive ventricular heading lowering the vo11Ir1cl.fls

pressure. This could be, in part or in total, the result 
of complete ventricular collapse. In this stage, the 
only way to improve flow is to reduce the rpm or 
n,creasзaedosd,orЬesO. _ ...................
n Tda cmlsal„tacT eoom«eo„ „„По dac M,a„tMed 
DeBUOrrVAD as a Ьc1doMo-tra1,sdla„Hi1oo nhowot 
ahft thypurneMS спреНоК,prouchc goodhemody- 
uamoc erf™» andeirnblu areuCu1t„,.sir,pdcpt. 
with low incidence of major complications.

Comments
Durmg the fast deendeh LVAD|iCibecomealo,accld 
ococpCed о^юп as temporary MCS. LVADs have 
b^o auccrasOnlly useompaeienss with severe heart 
fathtrc w1» ar™„msdoоd,oyio_aom.cuhu„al Srrab 
loem or wdo am a»c,B1ig coodtac ^lo,o„dluTUo„. 
By preventing further cardiac deterioration and by 
toproving [spl-organ ftmniou.LVADs haoeuroveet 
hriofulU>sttp« cnhealty nW oalle„lnThe LVAD 
poovries tfcto Bo 1uodyi1amк copperi euUau 
mfroyeenr uted forurclshо„1PeCrlodl Cfemhomr 
e^eta„cf. Ittfcwy f raO tty exercese uirch thu 
n■oPalllUUl o„ ae,„u Os.Htogad atese, yee Opoоltel. 
ТЬо-с feuTeo cm far hqueer than the паркз foc 
patients treated medically [49, 55, 83, 84]. There 
oo03 hoaicoeh adeease eueuft pmrtatwd fo d^efc 
MCS. Predominant are the risks of infection, stroke, 
iio0 Oewee Mure dual „eed Purther aa-ciNp a..,,, 
in ..„ oouencnee, Ьp,thHpanMaee ami N^eac^r 
topeuet1Ыo LVADp proe,dpdddodhrl„i>dy„a„„c 
si1оetunll„iia)i„>dmeaP„.Cifhr3-rdeitahз„Ba»at^ 
Hg luandraus^md.od. T„„p deоipes aoe reluMo. 
Hce.-ai nrigmdy dusз0 ie ernels hsgUeo rO of 
!ЬpomЬlrett,ЬзPc eofuBfЬ„ircce„ffecudu cPauges 
Uaiie тЬессЬЛее,, iBS3s. UUeoeSuao^3eT1 ТУЛОг 
соо-р зlam„aa„t rtsko uC toOoton. Thum ace de 
to prerpт1tmg dl„eseldellimercЬle.ppmotedooec 
^о-оп md „„„„nkewc Petatoaea аеЫшГ 
re pneborrgзO,™coleroro euuрueI. fOhtaeots aha 
dmdopd„eeh„ oo deniep mfec)1„le may he аЫе 
oo trndofon hcrnt lfaо,itao^atlOP1 d„l mOdmus 
„.„^■авУОЮ» hmueumr fo wincfaseod lonuu 
Грг„ WAD supped. Cheae„e mfeptln„e dcp1eerp 
qsioUC ed 0ft, rnereasu IPs dormil cost arO hsaeaay 
pmimЧ)rcоmJ„nm rD1lacopeenf widr a „eoauyo 
impact»dm,caloUtedmes. _ . .
__LVOD ceece» as a riabk tf apyfor e1IУiSfage 
CHF was confirmed by REMATCH [10]. The results 
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showed better survival and quality of life in patients 
supported by LVADs despite a high incidence of 
device failures and complications. These results will 
improve with new generations оГ Survive Ahn qalni 
of the study n ,tn ability rs demonstrate tin, long- 
tern, support ,s „oda„lc.fe.^es hnd alwdecnahh 
m tins ehrorneahy illgroup nfprhcnts CrirhnneO 
mresnganon and rofeaeah Bi- ultrmabely pooduee 
a deyree for permanriil „nplonl BlooOpumpsoP 
the future will he inope tprolly imptaWoBeffi- 
eient, reliable, and huuubte. tOn tadiiirPu^ «polees 
improved LVADs and, perhaps, improved TAHs, will 
open new frontiers pPong whh new panMen,m the 
key will he how prompt ihepn-bldinsaar uecog- 
nized and how rapidtythey ndor oceeepme.
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The role of heart transplantation
Tvid T Taylor

Introduction
Despite the latest advances in the treatment of 
chronic heart failure described in prior chapters, 
many patients continue toprogrrss to advanced, 
end-stage Mute For those tOfts sop sandiVates, car
diac transplantation ro the only proven therapy to 
offer unproved snrmvtl and ,1-ahty of htu. Cnrrern 
survival rates for eerdiac ftanrplantaFom apprearh 
08-90% a, 1 year fry „any US tiantplao, oen- 
ters with survival rate, appnptdhngSO-dOdnhtld 
years - a marked nnprvdeniauf prerfhecer™! 
rates with conventional medical therapy alone, 
in the REMATCH UWinOaenrfd ЫтаШп- of 
Mechanical Assistance for dlm Trkainpnf of Pte- 
geslive Heart Failure) nrtal |t]iypnentawinhsmeie, 
end-stage nnftrope-dependent Aeon fmlnae ioepf 
randomized to left vtufticnlar asnstdee.ee (WADO 
or continued maarnnal „Heart daera,) rnckahny 
intravenous inotropet Ar onder to bo ptrhilpC th dets 
ft,al. patients had todedentned nphg.hla lyr aar- 
dntc transplantation, this Трь, p.el,ePa m.ey no! 
be representative nt sentOer natronts leetod for 
transplantation. However, ypeafohe ЦОС e етан 
mon reason for tra„rylar,lexclue1o„. The rm™, 

the medical management atm sees Otsmal. Only 
25% survived to 1 year, while 52% of the LVAD 
group survived to s °itiy TtuSs onen wilh fyr li'rni- 
rations noted aboep ^Paehi heael Mnem pahente 
reqrnnug conhnnono tnatropec hlt^apy• ftrnd fee- 
baps the current goner.attnu ch .OVADrf ea at 
extreme „sk of death and «thlO bebetPr sereef 
wtth cardiac transnta„trllon oTUPtn,- oT onoriCs 
they are candidatar. FaAeulr wi-P [1^,111. 
severe, but a„ЬulcеonьeCeaiPkfanure.^Naw dorl 
Heart Association (ЬОНА, rlstr ШАШВ, eady 
IV) not requiring inotropic therapy represent a 

bigger dilemma. For patients with ambulatory but 
advanced heart failure (NYHA class III, early IV) 
on angiotensin-converting enzyme (ACE) inhibi
tors and Ьeta:ЫooУnnagintptPashortrter„(<13 
^”1 mortah(„,dieaelpi .о, пп f»Np«W 
ble over this time period to cardiac transplantation 
[y-o]. Holr'svrr, the I<ttlger-(eпt1 (>3 years) mortal-

a „■ч.ЬмпГЬрЛо1.^^] these 
patients transplantation offers the best long-term 
n npimn. Fm Hw vcpbutarroitn but Pl 
daOenlycaeaЫ гАк/ЬенсЬ» aualysis т^ ПГ 
«ОтРо рапсе ts at Уlhhт•mk1«.lphl1lUPhnyrP. 
out transplantation or at higher risk for death post- 
“61"”-...............................................................
t Ar rddilnon to lmpeontnylhequllhUinor hfesu 
““П"””' oardloetranepian1atlhl(hae deeo naso- 
ciated with a marked improvement m quality of life, 
deep-ef rigors o1 apri-treriap^t care. At 5 years 
^«П™* «РЬпЬРО eaedpcfthucpkinl pO-у 
tents are working full time, part time, or retired [5].

. с- il'r. iemaimtag 33%.™ ^bolly oapabd n, 
returning to work but are unable to do so because of 
vcerou, ho-iifas factors.Ai 5 year- post-Oratisplarit, 
9f%ofUScin-&ac tehnl5Ьed( recprients report no 
phyriaa1 Шу itation it dt-io daily 5cpvipet[53.

1O fay, o3 fol taurre„t do,„r 

^,1^ftasepfoltAsscoy oc hearsfailury 
is h|ap.bl^ in ^lya In^iiPil no„epiC1fylreintdal 
%aon,hfteL. W^ p»hf ar many ,od,-

pid«afs an •. U„„.d Sts]» aan* «иП-П thro 
tnanry eynlbpmem, alfo benc fftlonin, Оаперкт fe- 
non ecid, yren ancope|iOSiO pronedncrs are pern 
Lornied annual v, По. ««hyy.eia hf 1о1ь dw 
200Ct drerc - )ust,tvcr l(e^tiepa(1epsi ^uftte_CJS 
heart (myenraM „.aiAng dcf add r„ 2o0 hsdy 220П 
cardiac transplant procedures were performed [6].
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The yearly cardiac transplant volume in the United 
States has not increased in over 10 years despite the 
current public education campaigns and utilization 
of “hieher-risk- dcreoegr™ While errnspi trans
plant is generally thought to be cost-effective 
despite its relatively high eosts,iBOTit.01 impact 
on health care expeifditiighei-quiteoiiall.ktlnPW 
О Connell and Bristow [i | concluded that of an 
estimated 3S hdhonColiaca tpentannualtyonOaart 
failure care in this country, only 270 million dollars 
cere spent on cardia1 teaaioclanretnap (p.7%). Theo 
Iron, both a nnniencal p„Ce38no„iioatete„ssniO 
cardiac transplant Oaca cerycnoattrs lemthd ovor- 
all treatment of haert farluaa id flu nosnlry 
However, for the fewwhtdtt endergo frauiohmle- 
tion, the impact can be profound.

Selecting patieihCs foe 
transplantation
Candidate selection criteria are often divided into 
those which identifyietioitswPowouldCnnofit 
from transplantation(inclpiionorinditation cri
teria) and those patiendawhu araaOvary dirfi rihk 
for death with, or mterferft frmifhianffmnn fcoc(n- 
s,o„ or contramdicaUpn entered inoeahoy theeo 
two categories are somewhat overlapping.

Simply put, the g-eciat rndtcefioo for aod-ea 
transplantation .s anond-rfaoo heath Cireonr fnof 
necessarily heart fohanr) asehciated raPhhh osit- 
mated snrnval s.gmftsapOy less that, shad chpecfod 
with cardiac transplantation foo tSalmotyidnsd. 
Table 13.1 hsts exampiarphf cotrnnun rnhccahttuy 
However, card.ac tpposplaMsSou no cfrcoi radi
cated simply became ol ptf) epiiode. of raoere 
hear, fa,lure an rotbted low cedrmp tachyon 
(regardless of how iowfiO) inoperable cnepoary 
or valvtdar heart d,y)ochJtmnfutt»rpsшipor tance 
that patients be,ng coo scdered for соЛ»: traaw 
plantation have exhoihhed cttoihee rnedfod, .riryp- 
cal, and device options. Even patients with severely 
reduced eject,on faithmsn ohoiSd tee cmaiioe^fer 
revascularization andPoi гпРус siiaetci ihere io 
a reasonable chancefor^oafan ao 1mpcoeel 
mem. Perhaps these iyperothnih-noOsurgaoywcdUd 
best be performed ei tiiiosplae) cantere wders vrn- 
incnlar assist devices claieocdaЫe ,C„eu0ed. tithe 
current era, all patipnoo (excepl ihntn di.irok nt 
requiring motropes) should have failed a trial of

Table 13.1 Indications for cardiac transplantation.

Cardiogenic shock
• Severe heart failure requiring continuous inotropic 

khe-tpy
• levercSearitailure (NYHA class lll-IV) with poor short- 

termoroeno-i desprtemaginal hodical therapy
• yertriitive diCypertrophie eardiomyopathywith NYHA 

class IIOV lymptoms
r Sefrnctorp angina pectoriswfthdocumeneeNYarcnac 

ischemia despite maximal medignloherapy, not ameeable 
to revascularization, wReh hnertimatedeohayhort-ahrm 
e^ogruis

• tecurreetoitetrac toryveaHnautargrrhyylsmiasdwipiCe 
paxi-ir I mediraIand/orreeticedeeraey

• Complec cotgenital heartdiseesa wrthventricutar 
liysteahc oavenous) fyrorethat is progressive and not 
amenatde ts surgical oscerrsnaohoss repair.

• HcpopiesSio led: heart tyrdrane
• tow-ecadniumors confined to conmnocachium, 

unresectable and withoutevidcocron metsriasrs

beta-blocker therapynr havaacteer corrtramdfcae 
i,o„,o tChreu» poor to being transplanted. Often 
Urnas. e™ 01^ pahents on the card.ac transplant 
kowho -югуШ рие-ьа-гетрка) Ьet^tlrhpSnlhe 
oan 0»^^tm-atad knto,hemhd««ЬсОпс 
nod „ohcero» foUpci-ns e„dsnnseque1ttio be 
Irfelncemokcefto„1he „сП,пс1«.

hredieting уЬкЬрекьтбаге aimesls noh-Cod-оо- 
”0“"' wtdhuut tdapsplaлtygng is actah-y quire 
dl1rtceiPCleoriлhele er earPisaen,csPock rwtrolo 
hiwropn Ocpendcut arc red yoroh.ghrtsnaudwohid 
Oketn beesefyl deon, «„^«.1,»,. As oeledoar- 
^1 heh[rhtmmg „d0 ro ehcgcoud ofiiihЬy)hdoey 
dhlriP,,lpreoiiMfris p-oC thinndh. Htsnor icu, ihrut 
soggectc that sacral CarStcrcan pmlich роогоп)- 
com^e no iiinCuiatory hecoi fp.iore patienis tlaHe 
:3 2- but many te thocn Sseiors„ere,Oeitt,eipP 
before the widespread use of ACE-mhibitors and 
very Pew »e foese УудИие hnpplsenn „.«0 
ur hide уСигепГ hMa-hkictmo mm !*««:», o- 
SfaiPiNrauhcfaa tv 4h„dtni^s, ticoh oxygen corn 
.ширшси ruetuursd bo m-catehc еху-тке )гс1 
<ta-femPSkg/n„h or <30-Oi predtclnd, -yd elc- 
hOrS fell aod right carn,acY,iimgprcSSurer, an-lmr 
По, ceymoo anta despise „ох^.Р med.cat rhmapy 
idenuiO.sagg™p of im,bmat<lryp.ahent.athegh 
risk for early mortality who should be strongly
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Table 13.2 Factors predictive for mortality in patients with 
heart failure.

Coronary artery disease as etiology of heart failure
• Idiopathic restrictivT cbreiomyoactoyap ediologyof 

heart failure
• Left ventricular ejection fraction
• Right atrial pressure
• Pulmonary capillary oidiuriaepressure
• Cardiac index
• Stroke work index
• NYHA class
• Peak oxygen consumpPiommeasurad atmetaboliv 

exercise testing
• 6-min walk distance
• History of syncope
• Plasma norepinephrine
• Plasma atrial natriuretixpeptide
• Plasma brain natriuretic peptiae
• Serum sodium

considered for transplantation. Likewise, peak oxy
gen consumption >18mL/kg/min or 70% pre
dicted, normal resting hemodynamics, and beta
blocker therapy И^Иу .fransf^M 
lower risk for early mortality who, in general, do 
not require listing gt.r traospuantatioo.........................

One often sees transplant oyntrantrfyations 
davaded a.ato the aboa-ute andlterelanoe .how
ever. „„st. af not all,of thqoontalSetigabsoluae ton- 
tramdications have been successfully breached m 
,„div,dual cases. Thevefore.lt make. rnorosenae rtl 
consider all such exrlnsnnn cntanaas dr ooa- 
,ra,„d,canons or „„re shprapnalnha h* thdoo. for 
poor outcome whtah „hstbeacrighedna draco n- 
text of other factorr. Schleid. Curftn x - .
of potential r,sk fatetnrtra tOagonnrol naagmftida 
of then effect o„ pao^,roooatanl ”иг™ППо!еЛо„ 
prior registry data aiiO oaooa, panelrecom„ntn3a- 
t„„ [3.8-13] Tabk t3.4 hsts pa oirkiactors 
»„h odds ratios foomortalidy aftortaansplanict,na 
from the Registry of the International Society for 
Heart and Lung TrensolanaaCipnfdSHuT) rip].

A, most transplant aentrrsp caodfOamdealpfond 
are made by a paual or —а ce nfheaft batata 
and traarsplautatiotr rnolniarnnul. .oalaCnin етЛ- 
ologists, cardiac surgeons, social workers, transplant 
nurse specialists, psyctLcrkto^ists, araclliate.stt,ar^a 

ethicists by carefully weighing the risks and benefits. 
In addition to the risk/benefit consideration for the 
individual patients, the committee must also weigh 
the ralaheerlsk ofsalrt tcao.plPhOidnu oo thoso 
pa0e„tsalreadyo„dielrrra„Od„sehtlt„MnsnsKd. 
Given the severedot„rtOPhoashonage,theoromdtOi 
aach lrynsptant prooedpae dur,™» adolhet potsit- 
Ыoeogpmnt on thelstt nOtOe rarneshancp оППИИ 
survival. While Лопс,, Io. than lstPgntl^csO 
patient, the transplant sekctaon »»»««. mart 
remain a wise and thoughtful shepherd of this very 
limited resource.

Management onpatienitn 
on ahe waitingttst
It is vitally important that patients awaiting trans
plantation be maintainsdiriasoptimO healttas 
possible. Close follow-upand alow threshold for 
hospitalization to i„te„siWan Moro „попастет 
are important to panent de™»» na srnh a 
po,ut that tra1,splaaoclto„ becomes tow Орк n»k. 
Pahems o„ the tra„soka,tt^aatmn toohnc net™- 
rate to the point of becoming beta-blocker intolerant 
and inotrope dependent. While snnte noaMn show 
luplnohf-deol^em nahs„toM watt ontsnie Л-Ьот 
port (particaPnrly -Г Лрт tOhhttn m-pfaMm>k car- 
'Г.'"’'-''.'. defttallaЮtr dCD». m aan «ренета, 
aaheats a«h this „roe 0efpee„t haattr OcOosu 
renrnm ahaoaiily etssratuurnr. to peeeot nr „о».

complications dona “»lh httreat OransplDfta- 
“р„ПТСпо “ ^““t tnotrCPClOepn„denl 
““а^ „„,,,1, p. foe hnspOct „„.„„^«„«r^c 
„tato., On the n„raaonaf else„».■ut.Leke„,se. 
meclta„a:aleiKfoatoa.s„oOortenoolPЬsco„sldered 
early m the course of motrope-dependent patients, 
pmoo sip П”^ or oeneoe rnn. put heptra mtpa-rs 
ineut ^o^ dorb mrferass^c.eltapaorsopyneoattt„cls 
alfllw „к on &ct.dahi ftom r sunaUsernio po РОо 
University of Michigan [16] and a larger series from 
foe „nt.!,.... uframplrtlt Ка^атЬ ОаиПа». ЦУ] .co 
gesO Ль. „reata,^l c„eplatorn snotphn may ta 
l,rf^ernnktnhrfo„gsdmcerooKмtapont ._ ,
. AU pa-aelttron foewpiemg hstlmsl„dmn foo 
motrapedepaЫe„tllthl>tllti narttalpaSe aotfooa
osaaSOna0n„ p„d pineal tOerapo prhgta„to^tr 
their condition allows. Ambulatory patients on the 
waihnglist sOnfod madaoao r.fomo'-risk ftwuutffieas 
tion with repeat metabolic exercise testing and right

Thevefore.lt


Table 13.3 Patient characteristics increasing the risk of morbidity and mortality after cardiac transplantation.

PVR: pulmonary vasculabessistanodewoeri uoits(m%HgBWmir );MA3:-3lmonary artery pressure; PCWP: pulmonary 
capillary wedge pressuae;FEV-1:1 s forced expiratory volume; FVC: forced vital capacity; IBW: ideal body weight;
BMI: body mass index Lweigftin kg divided by height in rn2).
Modified with permission from Renlund DG, Taylor DO. In: Topol EJ, ed. Cardiac Transplantation in Textbook of
Card/oyascu/ar Mec//c/Pe,2vd adn.kippincotkWillisms&Wilkids,2002:aa17.

Criterion Increase in risk

PVR > 6 wood units, unbesponsivetovasohiiatoee
PVR > 6 wood units, decreasing in response to vasodilators but not below 3-4 wood units
PVR > 3 wood units, decreasing below three wood units in response to vasodilators
Pulmonary artery systolic pressure >70 mmHg, unresponsive to treatment
Transpulmonic gradieet(meanPkk-2CW d)>15n2Smmk g
Transpulmonicgradieet(meanPkk-2CWd)C0-k5mmHg
kctive, untreated infection
Treated infection curreutlaook1roiio-ps snoibivli-s
Recent resolved infectTon
Irreversible, severe hepat.cVisaaso
Moderate hepatic dysSuncriodoo-cinariocn.otkO to cardiac congestion
Mild hepatic enzyme eieva-idnslikoikseld0edOocarOioo conoostion
Irreversible, severe renaldisooee
Moderate renal dysfunotignnotcisarlyeeloVed Coiowcordiac output
Mild renal dysfunction liodiyreiaCnVto idwcusCiaooooout
Irreversible pulmonary diseceewiCh2ZP-1 1-rtr oVO <-1%рго01й^
Irreversible pulmonary 0irea1ewithV-V-1 osI.SI.oi-SOC <65% predicted
Mild/moderate pulmoMarddkoaon.nCV-r >S.5LorFVC>k50Po -redisted
Recent pulmonary inflation
kge 50-60 years
kge 60-70 years
kge >70 years
kge 1-5 years
Diabetes mellitus with signlfi-60tnkd-organ damage
Diabetes mellitus withoue eod-orgeindamage
Cerebrovascular diseaso.eeveregenmptomatic
Cerebrovascular diseaso.mildtomoderate, asymptomatic
Peripheral vascular disearOernvarn. oympPomst.s
Peripheral vascular diseatOemliato modpraCk,osnmpSomaS is
Gastrointestinal bleedingeOrtign
Peptic ulcer disease, trea0nO
Diverticulitis recent
Chronic active hepatitis
Chronic Hepatitis C withlowoieai iondannbouigc Mger biopsy
Malignancy, recent
Malignancy, remote
Myocardial infiltrative di1k20e
Myocardial inflammatocodioe7sn
Major affective disorderorsck.cophrenio with poor control
Major affective disorderorscnicpphrakia with good control
Personality disorders
Cigarette abuse
Substance abuse, activмuk1erolned
Substance abuse, resolvnd aikcie гегеп-
Medical noncompliance
Obesity, moderate (120-ГГ40%;10и0ог BMI 30-35)
Osteoporosis
Lack of social support

P|nrked
Moderate
Minimal
Marked
Moderate
Mimosai
Mooled
Moderate
Minimal
Marked
Moderate
Minimal
Marked
Moderate
Minimal
Marked
Moderate
Minimal
Moderate
Minimal
Moderate
Marked
Moderate
Moderate to marked
Moderate
Marked
Minimal
Marked
Minimal
Marked
Minimal
Moderate
Moderate to marked
Minimal
Marked
Minimal
Marked
Moderate
Marked
Moderate
Moderate
Moderate
Marked
Moderate
Marked
Minimal to moderate
Minimal to moderate
Minimal to moderate
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Table 13.4 Risk factors for mortality after heart transplantation in adults.

Variable

1 year fn = 37,257) 5years fn = 23,684)

Odds ratio P-value Odds ratio P-value

Repeat heart transplantation 2.27 <0.0001 2.36 <0.0001
Ventilator use 1.94 <0.0001 1.28 0.01
Congenital heart disease 1.47 0.001 -
Non-CAD, Non-IDC diagnosis 1.25 <0.0001 1.22 <0.0001
VAD implanted 1 .20 0.0003 1.35 0.002
Female donor 1.23 <0.0001 1.14 0.0002
Recipient age (linear analgia) 1.a + 0.02s/year for ea.h 

oaar ovprageof 50 yeaas
<0.0001 1.0 + 0.025/oeaafoa e—ch 

yeaa ovea agod1 50 yeaas
<0.0001

Donor age (linear analVAis) 1 .p + O.O25/yeaa for ea.2 
oear over age of 30 yeaaa

<0.0001 1.0 + OW^yoofar each 
yeaa ovea acjoaof 30 yearc

<0.0001

PVR (linear analysis) 1. OnO.r a/woodunit 
foa each wood unit ovee
I.Owoodusit

■aO.OdV] 1.0 + 0.07/wood unit ^oa eacy 
wotd unit ovea 1.0 woma unig

o.os

Ischemic time (linear analysis) 1.0 + 0.26/h for each 
hourover 3 h

<e.ooon 1.0 + 0.26/h for each 
hour оver Oh

<0.0000

CAD: coronary artery disease; IDC: idiopathic dilated carloowoopaunit VAD: ventricular assist device; PVR: pulmonary 
vascular resistance in wood units (meanvulrnvnary arterypu-osareinmmHg minus meanpulrnonary capOOlarywodge 
pressure in mmHg divided by the cardiac output in litershmid ute) (adapted from [10] with permission).

heart catheterizatiov owed 3-6m onths), to Пеп. 
tify patients at highriskdm r deteriopation by weUas 
those who may have improved to such a degree that 
they can be rent.„Ham thewaittaglist- Period-6 
„ght heart eathetettfatponsats alsooseM toideu- 
bfy patients »,th pthorsssthepnhnhnary hyperien- 
ston who can he agg™ly trcu-ed pntia to 
developing feed o, ht(hs^n.C phWntonrnty artesy 
pressures. Occasroridhystwh^ttiay p-ge-nrs -гУи 
are otherwise not motrope dependent require con- 
trnnons rntraveuone ino-yytoer anWdo- vasoth-etory 
to maintain aeceptyb-e pipWtooarott-tary premures 
and allow successful cardiac transplantation. Many 
patients with bordarleuerr- avsu waornoproHo ,„1 
monary artery hypenr^srontuarerrieiPiriuetyrghmi- 
s,ve intravenous agenda writ rrrpwnddraiesSrtairy 
to mechanical eneals-utytnpport a„U becwn-a 
transplantable.

Selecting donor beauts
By the very nature oMhy ehcum.tances leading to 
brain death and the subsequent hemodynamic and 
metabolic changes sssociateinith brain dr aho itsetf, 
a potential donor heaat h m-dyiar a-'at-tp icrm 
of organ donation. One must weigh the risk of acute 

annchdovicallograftfainirranainstthepolentaal 
rooipOe nt’s dhnotsurvh'alwitOnutOhtr padiinulas 
organ. While a high-risk donor may be unaccept- 
-ЫрГог ayseeeugmtaS,^eoUhpeUenSoog^,e „«Snip list, 
istseau -bri-aty .«eptpyabforapaoehrin natrwnm 
«^„еапг-о! heothoetesae Wabthze h toawartebee- 
ut doup-. In addiriun, fype aeayntrtrnpt eu ynttefu 
tha hsnog dOubgh-mSy yrnt^dsae. by ebt-ed-rng 
only mysgmu-. dwapo pOruuot teгae »roki uMbe 
оSiOerd_ptOer„^aоdeOueatnu!aee ^№^0™ 
orgal^saorth^e™rew„taltktta1rfpiп«a^o„thel«. 
arbrk -btr ohorn.'itc hat |hS| aupmeau oraiPtedr- 
-utd aqangdiouthe ™k for 0~гРо«- ^su™ttopr>u^ 
coine m_inc^eamd eпeuod,ogtp»hep one user u 
highetynrlrhirnor organnati hrgtгebriгlt тсрят.

ЛSto^gaмslu«rtarroteгaпnadeamrUlryOrraeote 
and chronic infectious diseases. Usually donors with 
"п tt»amittaPk e„aotrrl>Uгderearpri «Лип 
HIV, Hepatitis В and C are considered for donation 
on0lMrearohnBaha.etryloieatedwilOsheso.ahUilu 
the risk of transmrasiou for^Ho^atttru at ht-m oar 
antibody positive donor ,гyelattoelyUegC rparhaps 
as high as 50-*). gioun doe p»* ^w eem-da th 
the disease, the nsk to aeeeurhЫe ou a rnar- 
gmor ce^ndldate wltSioutoeУley hptnгn.orap^r-ent 
in extremis who is likely not to live until a better 
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organ becomes available. Active malignancy in the 
potential donor usually excludes organ donation 
except in the case of primary brain malignancies, 
which have a very low andd-nmrfahaSaaiasir, pav- 
ticularly cardiac mpUatasia. Howeveu, the pmx-nes 
of a ventriculoperitoneal shunhorrecent hraoarur- 
gery „creases the „shot hemareVcgtcsprend. n

Evaluation of the donor bean urntahy anvoHes 
electrocard,ographoerlvc^ardroi!rachy.a„dashnnes 
invasive hemodynarmae ared vorth»eiskreericma- 
phy. Echocardiography ae deed lo exetude contend 
or pre-existing valentrr ormyoceahtal doefunedon 
that would preclude transplantation. However, this 
data particularly thf echoaardaogrelplr,c<latac osuso 
be viewed within the aontexs of the hnsaeOdonor 
situation. While brxmdsotd san beos»rc,acvh ci-C 
massive саШсЬоЬп^еге!»», end snXacqoant „doo 
cardial necrosis, many echocardiographic wall 
motion abnormalitieu mpmswm -stfinnlngo and -an 
reversibk with coroecrionofthe donnc ltecaodd- 
nanuc and metabolic pserurbaUnov, or mmovat Ггот 
the uncorrectable milieu with transplantation. In 
general, hearts wim cdearntdi^aoiiic oo (t 
evidence of „odecam la seoere loft hc„dlcdlar 
hypertrophy, parUhulaoly if rrao,r.l wetd .an 
anttc,pated long ischemic Шиа, are wxh <00.^ 
acceptable donor organs. Even in the absence of 
risk factors for comnarc aotery dimasa ■o.Afv,, 
coronary anenograafhy ,a gcderalCy vranroinenOcd 
m male donors >45 years of age and female donors 
>50-55 years of ago. Rack factoro foe CAD man? 
warrant angiography io eaacuduungoc ohoiOTs. V.lnk 
donor hearts with significant CAD or valvular dis
ease have been snccn^—hy Mf ate can- 
corn,tan, surgical роггсссгсп, due paucnaetf n« 
standard of care andohonad Ve reteencd -ап Йе 
alternate list typc vahChc. Dcn vufrCous wfedc 

„crease the „sk for meld aaV lace po-r-tralteo1aM 
mortality „dude donor еще (linear гак , us,„n a 
cytomegalovirus (CMV) cosiriv” hoaor hecri in o 
CMV negative гесраеМ, vantoafemuk ЬоиогастП 
,u a male reepteut, mod ld„gernonnahaаftlrchc„„e 
brneflmear [5.8,lУlre0dca„Vhouah„„>v)camerv 
try to match ЬспогМесартепГ scxe io_w«hm CCC 
donor weight range вГО-иО* hfrecaplnnr).ntosr 

large multicenter remcinzchuyefniledto nterily 
size matching or mismatching as a significant pre
dictor of outcome. ReroHmf sice olioi'glif, ае^Ы. 
and body mass indexlBM .)) is preda'cgveof pooree 

outcomes but donor size or size matching has not 
been [5]. Over-sizing (larger donor Than oecioiontl Is 
generally only a problem if the recipient has a small 
апсПапп-исеПао™ onfr oo и small оЬ^О, aZolercvnt 
ordulnhcctleeта,picmhy]aoon-lidafcdcarct,rm^УC 
npoCУ.Uшr™?fcrrЬy o siarttaeoa- moOkm i 
n the setting of recipient pulmonary hypertension

rhc hddmsimd righn ventride ,s иоаЫе fo 
nrt„ra^etheunмhepreeluu1mtruleenco dncacoma 
d-eh,gtrnutaonary«erypmfcum.Л-„otcdaЬooo. 
us,dg a cmah te.de no1,oe en c male „etghenh w 
Ihyhfrrafki Out it dceenct appear robydueoihyto 
the size mismatch. However, under-sizing with an 
aduh так genor irge necahy ат^ПнЫе, dec au-a 
“( heari tan no edeergaAizoi male oonnt 
can usually support even the largest recipients.

CaoyZaad dronspland suvgeoh

Theta aaf fosm donor heart,„plantation techniques 
used currently: the traditional Lower-Shumway or 
un-etrial octhotopic tachniacetra],thpbi-navsl or 
■aиllroovar■ord-otopк_^ecd„iqhle|20.ldldtlreramrsa 
used betentopc or plggydlldl tadmaqnz fCS].

.hZsnct thadaneZopmenr oazЧlrt,lece„n„- 
^urpid naive ra^rg,aeta^lozlnos lhodedysauoet,o1,. 
acd тгте „rh^maa wUh aho ГггЛгго»Г ЬиИа»! 
ГсгЬ"-'^ SO the .!ev.n.Taah,l fonapphcaОon 
rf Ла Ьt-cyn^r tedi»1shznl «Ыи foeCn-czocl szed- 
„,еетае result „1^ ,0001x^0)0 ,„« 
e ecrnmoclsss rn, anreage),thcmappaarsto Solmc 
n(roОaarhofh„Шs, r„,usl,odeddstuyat1Иnc„d h„- 
corиleva^«oa^rg1Zannl^|aUl....................................

So ЛetmOzS^,alЬ,mZ„al leoVmndh,rdcreo,pt- 
тЬтПаа ire„secaed « iha rloОatr,s1llnvef.kan- 
ang nehlndtllc„lthoe tlse raglCl cCnnc, coofetunrg 
the уеоиеиуе and the caff ah ShakfC eieiain con- 
tetи„tn the p.lh™,n«d^dan ostia.Thy dnnhrheme 
eUa УthиS ewff it create bnee„iovlngn meKl^ng tn. 
hrsl,feaefsam™, сопипт-е she pnlhadn^o oom 
nsnalbe fcum adz1rcclfllcmиr nSaru „еЛт 
enasromoscdwlth running -n(oeeend,ng»,rh rOh 
amaS сер^итае Uounr(lgh,atoalh ..opened 
Uttm ths ioamim ,o» от^tlVhfrraa^d rdehZanh 
copmodayc ctad»,ac^moяnldnode ПСеП»,.» 
aod secipient tea are anartonhosed chh eno-
n„zazSntШm,egmmиo«ll0,thuar„alsenau„.ovс- 
lapping the left atrial side of the septal anastomosis.

te.de
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The great vessels are trimmed to fit and anasto
mosed end-to-end with rcmtiitiTEUture.

In the bi-caval technique, the recipient left atrial 
cuff is prepared just ua gr, ahe b,-asrial Krhruqed. 
The reepreu, rtgbt aOnrnuts ex-rsed leavrug only 
small atrial cuffs around thr vena pavafors«mg 
The donor left atrrnm ,s prepared dndanasrornoted 
to the reeprent lehttnurn srrntlao v, Пог bmaisraX 
technrque. The donttatrralOeaval .«!> ureanttle- 
mosed end-to-end to thdreerpiunlatraattoavrl errfft. 
The great vessels are trnruvrdto fit and atasOm 
mosed end-to-end tuvlermtheVr-dOrialteohnique.

The heterotopic tecSudieUd mvolden latuu-v rhe 
native heart „ place trnd u-aainu ate douor Ottmt di 
such a position to maud ufr-tlalcfre ueSon ^у- 
backuig as itsomettnet referred Co. The deuos 
heart is placed into fen ^1» »nV anfdtdmvsf. 
hetmeen the donorand ara.ptenl laft ea„a, dninar 
„ght atrium and/oreckperioeeona aam.W.: a„U 
ree,p,ent right aCrrnua nnddttr UVC. rhedoottn and 
recipient aortas (e„d-M-t,de),anddfnur ptdntonrov 
artery and reapten.trttdnairamY^^eautada paosu 
thebe conduit or Unertlytnto H.e reaptand rtuht 
pulmonary artery Ttrr neeer»eop-frvdlnЧue f- 
rarely used today (<1% of heart transplant proce
dures). Two —ns where 1, wan rnsaim oftan 
employed „eluded: U lt la sga reeipuenls wffh ^„11- 
leant pulmonary hypertension when the available 
donor bean is surah aun) (2) doe ny a in-nll doum 
bear, as a bmlogmlrll nu „pVieentrnularrusnS 
devtee. in the onrrenaeaaraimheninat ndurt deeiaes 
can safely support p^„,th signibemt pa! 
„unary hypertenston neovidmgenongh time tot 
s,gmfioant reversal ofcUen-t,ltonaU1ultxenlmunt- 
tension, thus allowinn suaaeullvl (aadruladtahon eved 
with smaller donor organs. In addition, mechanical 
assist devices h«e mrppnsfd m.eol, rn athabilhy 
and efficacy to repines rhe Ьпегтррк ornvnUmaan 
an assist device.

Post-operative caadian allo^aft 
function
The early робЬорегаЛ'еа.оугаЙЬтсйоп is depend
ent on a variety ofcos,comsscat fvetorsinelnding 
pre-operative donor heart function, donor motrope/ 
vasoconstrictor use, donor hsarl lraheu^o Orne- 
effectiveness of cardiac preservation techniques, and 
aente cardiac denervalldd. T„u dm„г bnan псП1 
ally requires 2-5 days of low-dose inotropic and/ 

or chronotropic agents, such as isoproterenol, 
dopamine, dobutamine, milrinone, or epineph
rine. As ischemic injury is often associated with sig- 
nllinen- Мге hyatatedon ar «сП. the donor 
neaut may require dighet ffim dorntnl cmffiac tilt- 
„?na^ueuaa_rnni^nsu.A adcqucto cerUdic silppt 
Vibe n ntrndiahearttetChпстауPirntdlет-Иаа-Йе 
“"„ teumPik to пгап-Сст aUdeuateoatUiao net- 
nneni еГ^Ро helpfol Ю t^a»poaacdyplasp muse 
edronotacppo dgerns tu Veopdlit-reart rttn (HRl 
110-130, lhusralsmgeaeUiacoutput. 1tmnsya1.-tla- 
nl.es aatlnfeol an оттопасМ-ориИгее spn md 
tberesnlnof peerexlnhup reaiprent punslonaty atterv 
Ьурппггп.10П| а^кооя-зоегаиге поооПпопигп arP(- 
„otir nas^dan^tennni ordv„orhmrS1achpp,,o 
„„^1110 tre,«mem dlaluPerpvlnoo„eru ardoun 
vrrod11a1ueU| inch nsutlnn,o„e ptvs^1glpdU1ns. 
„nopniSStOa rn ntlnc oxide -10 астоР-ШеР amf 
i„p^oV^crpepfeO^res1oneVu ternpcrufy „vi(n„- 
oetd nn^rmpan»!» opatlntrru is renvired PO_a_Ь« 
-reaa„emtpsp«^nperarn.astdtt«1Mstarthirfatdtre 
an nnrrvnnn-^ enrshni .„„0» lo pre-operative 
phm^„1eru eswy preisoren nu -nosaoi e^wasants 
inli a^^nii of 1и^8 lsc1lenl1P1l^ar ind umoU 
tlon or hnatia» posaents will, known pnlmonarp 
a1-ary,hfperrИls,od,am1_faeOculuush1l^^staststo 
avoid bsegd uot™e OoanalhSKllfi ulheli cea rl^m- 
ana_aaftepdnютary as1etv hnparOmяon. i

w CmPlac 1lelm.aa1on =n«. ln-pos-ala-ahcl-gae 
f Sl•llal•a.|11.„,l™,e1,. Deir an vem del^eav1№ 
hSvtvn». апорте eUtonhud(um aun qum!,» 
»dl mt vЯpfr^.c carua navd nuden ohnduetsun. 
Ufter(,nitropamt,oeir eoperseps,tmЧl So anhnh- 
sma.a^lirlleea-^t„,o aatecho1a„^nes. udid at epee 
urpOrcnf, lro(lrateretlvf n„P dobdta„„,ei uaA I... 
sae(,V^eM^aPaTOsmareaed1on.prrlaalreueт^o,reeasl- 
ror upuag^lahoa. Ssonpa-hodO1usalladsogs nUntPi^t 
ldll,reatlp-heuЧh she tarPmc ^„1 Кт-так sdeh 
as dopamine and ephedrine are less effective as 
gotntsmics on chranoffnpes ae die 1-aoerca-an boom.

Immunоsuppneadrnp pnefapy

While primary allofraa1 d-s;p1rlc1.Pfaap ta. rninttl 
complications account for approximately 80% of 
the early mortalitiis (<30dcys),issuesrelated th 
lllpellls..l.alfPc„l w.. «her -roo„hdia od “„- 
|pfa1.rp.aaPllvV1mp.lnlPrfa.,.alPef„V1a.lrP1 
[8]. With the current 30-day mortality rates of 
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<10%, the overwhelming majority of the post
transplant deaths occur after 30 days. Thus, the 
“perfect” immunosuppressive regimen would save 
many more lives than %, "herfevet- wnegmal teda- 
nique or donor organ.

Imniunosuppresspy. regmient Uem chrng.d idg- 
nificantly since the first human heart transplant in 
1967. The early days of azathioprine, Itiglt-doee her- 
ll..«lcl,4flo llblllM-JIIII l|lnllv^.hlo!VJ..l|ll,^.m..: 
gavewaytothe cydcpcrnevra enheee.vdthlttOSi 
Cyclosporine,in combimpknp with lower ZosesaO 
corticosteroids and azvt^«oh„„ahecemetl-d_l^^i 
dard cocktail m the mid-1980s and was often referred
1.,1.1|1|1|е.|11„1|,,еп1».Т!,е.1,М11со,.ь1.а1110,1| 

phocyfe preparatiocm bark minthe ahga.nehlip.ng 
ATG or OKT3. became popular bat faded todenrom 
strate superiority oz-r tnple heemdh aloue.The 
1990s saw the nftruducteou nh Oacrolmma as an 
alteniative to cydospoG me.nheart erumspUmtuhO u 
and the introduetivn oS viypopdeuclztemdOeneas 
an alternative to azathioprine. In recent years, we 
have seen the mtrodoatron ud ropemycm son a 
derivative of rapainfcm aitO „ew.hurnm.iurh, 
monoclonal anfilympUoaOfzptaparaaruns iiieniely 
the aun-rnterleuburn rveentuf anlagoniats) „.in 
dm,cal hear, transpOsnattshetn. TOara ecu aeveaa- 
new inimunosuppresrtnzagznar aiidstseleftas reahy 
to be tested in the upcoming years (Table 13.5).

Ail "ideal" reginian ucust, lay ^.ГпИюп, hefripz у 
significant side effede, к^уПЬсШп and eddenaly 
cost-effective - a far cry from our current regi
mens, in fad the оЫу “р^ес," ehrornc Ocrrnm. 
suppress,ее drug тдипеп wished fe v AsO™ 
regimen, that is, complete and permanent allograft 
acceptance without -Ре meet. fm ougmaiO muernomr 
suppressive drugs, cu-raSkd alloghafi htO^anc^ 
Tolerance has been demnnatsakdm muny.animal 
models, including primate models and on a limited 
basis in unique human я^аро^.

Cardiac allograOrejechcon
Basic mechanismtoda]nolh•aftrulcoernn
A working knowledge of the basic immunobiology 
of allograft rejecticard aamailm. auterejandurg 
the rationale for ,„a,unmecha«ssm sftaftgies. ft 
,s currently believyd hOa( the.tmmugee editem- 
allograft interaction beggra when d vanaOu uj 
immune cells, including T-lymphocytes and antigen 

presenting cells (APC), adhere to the vascular endo 
thelium of the transplanted organ.An iпtzruпrion 
between so-called “adhesion molecules” on the 
immune cells and rheieligimds on ypenhhUeedai 
““ furfa» kpii. the pcmcers. kmOrnent епЛгЛод 
hay cells c indueeU etw епи^ Лапир hsoleohee 
mriwoumia, nygicotmiamueihnro t>s Сокт». 
r^tana m k-kocytr icdhespon, and Sa^nmeke^- 
t,o„. Thus, the adh^s-un.„aoeecuhlЛgar„- mlOsac- 
turn pica pgTOtal sole is Osa immiurr serpoiicr, 
entl ,п1п1Г1г notential target for attenuating the 
oudhuИldlgtulook>gtc suspnmv. TsaurrcanSzdosgljtiи 
u”dtl8° dApaage ftoth uitovtu ns 0^8^.»“1™1Р- 
uhefion .and eouseuneniln upaeguiaee еткЛаШ 
^w”” mokCer. Thus,ртundjtthct-e hloekeedp 
emmloymg ппЬЬоЬкз against one or more of these 
„mpnnenw еч altn„datz “aimuh М п-.-uiree 
.Ни, zn angrcOment. The mi,<o adUuseon molecule. 
hg.,„0 “aim “wolgOaeo CDU-UdA3 taeuknce 
aTlt^rt.<rrlass<iflated antigen-3) and ICAM1 (inter- 
cr0rlurnehep^^„„,oleengzeelh-Lnt0a.nrhlalsi,ohaieee 
tlir interaction nf T-cells with both endothelium and 
Aan-Bkcbdoof deco miaraefienr oh hern .“own 
^Mn-tg гсуупета wtoevua,«yof 
ond mod* anUrnmaa drmenl expe„eusetr

.......................... _ fl , i
It и m^usrahy believed that T-cells become acti- 

vatod agunstahoanti.e,, bm oh. m. uwo .mo""^ 
(ago dirett interaction with foreign antigens pre-

-у епаиЛеЫ A m^rytuoe р^пп» 
d^dmc ceakrn пиееюииат wash honge usa-tn 
hTnngnmpanhihty nataap^ao (MHCO rnmnos ufo 
ffl mpreft .rnkmcuhn. „ethfureiun pepteOcr 
ртс"...^,,..1 рсато! Ы nrcpnur APC, OU-s 
Orciemnmn n- Mitigvii tetOr ht t ssrses ot ineracel- 
liilarevetOiteriiltirig in an activated T-cell which 
tarftzN Oao1,. cu.-env. indudiuO тиегШта 
(^“-^U. Amhhflaatlon of this T-cell response occurs 
dua,° mm^s.o^pmrOu.n “z “U manyor, oeeo- 
f by .“tpi and ecd,.., uIT.z|| “auhderac 

“итОЛ» mmkmea searуSed(ntterZztрn-ga„ma 
(lrNиta„,mae^„rcr „zaru^ eaator-aevhelTNF- 
alpha), IL-4 ILA nuh СЮ) а-ттПиг.^^ .rпt,da- 
t,o„ and prohfzratiodof otsalophzadt, Vvtia ah d 
other cells involved mNhn mVeaarnumeO иеартте. 
The immune cascade, involving helper T-cells, 
сому T-cells, uarurul Ык- (NKt .elteitOunOtti 
rnmundwS-0,0 aootueemanl, utimeMan kadshs 
dcmae^e of (“, donor endothelial cells, vascular



Table 13.5 Pharmacology of common immunosuppressive agents. KJUJ cn

Agent

Cyclosporine*

Tacrolimus

Azathioprine

Mycophenolate 
mofetil

(Continued)

Identification Mechanism of action Administration Toxicity Drug interactions/uses

Cyclic e-decapeptide 
produced by the 
muonusmoUnpocppium 
inflatum Gams

Binds to cyclophilin, inhibits calcineurin 
dependent transcription and translation 
oacytokine genes, particularly IL-2

PO or IV, oral to IV dose 
adjustment is 3:1, 
marked individual variation 
in bioavailability, oral dose 
6-8 mg/kg/day, ta rgetcjd 
toieveioc toxicity

Renal, hypertension, 
gingival hyperplasia, 
hirsutism, tremor, 
headache, 
parasthesias, 
flno-rini

Metabolism decreased by: 
ketoconazole, diltiazem, verapamil, 
erythromycin, cimetidine, 
grapefruit; Metabolism 
igcseased, by: dilantin, 
phocobarfital, isoniazid, rifampin, 
саоЬата2^1пе,пгет in chronic 
mamtonance immunosuppression

Macrolide isolate 
of Streptomyces 
tsukubaensis

Binds to FKBP, inhibits calcineutia- 
dependent transcription and 
translation of cytokine genes, 
particularly IL-2

PO orIV, oral to Ihdose 
adjustment is 5:1, marked 
xncdiaidual variatianie 
bioavailability, oral dose 
0.05-0.15 mg/kg/day, 
torgvtodto level octuxieity

Renal, hyptrtuncioc, 
tremor, heatachey 
flushing, 
parasthesias, 
glucose intmlerancn

MoSadoiism decreased by: 
koioconazole, diltiazem, 
ve-odtvil.esntUromycin, 
timcOidintigrapeCruit; Metabolism 
incrmcsedCpiOiiandin, 
phocobarfital, isoniazid, rifampin, 
citbamazcpine; used in chronic 
mnInOcaonce immunosuppression, 
ornytubotitutofor 
cocUnpnrine to treat rejection

Pro-drug of
6-merca ptopurine

Inhibits purine ring biosyntheois, 
decreasing synthesis of DNA and RNA

y»vy or iO,no oignificant oral 
to IV adjustment,
1-2 mg/kg/day, WBC count 
to remain >4500/mm3

Macrocytic nnymia, 
leukopenia, 
pancreatitis, 
cholestatic 
jaundice, hopaditis

Ai lornrinoi tIfvsmttabolism by 
inh iCitiog xant|-tne oxidase. When 
uscclwithciiopurldnli 
azarO ioprine dose is decrease by 
two-tUrds cndWBC monitored, 
used ictUfonlc maintenance 
i—dnuppcessiey

Morpholinoethylester 
of mycophenolic acid

Inhibits IMPDH, inhibiting the 1-2 moi/k 
pathway for guanine nucleotide 
biosynthesis

a<t> OBCV.nooignifisantorai 
toIVcCjustment, 
2000-6000 mg/day

GastrointesCiyoi 
distress, 
ieukapenia

Nosltdificant interactions; used in 
сЬгоп-о oialctecafyi^e 
imounosuppodscion, may 
sobstidnOcfutazathioprine to 
Sceotrejection

>



Table 13.5 (Continued)

Agent

Sirolimus 
(rapamycin)

Everolimby 
(SDZ-RAD)

Cyclophospaamidn

Methotrexate

Corticosteroids

Identification Mechanism of action Administration Toxicity Drug interactions/uses

Macrocyclic triene 
antibiotic produced 
by Streptomyces 
hygroscopicus

Derivative of 
rapamycin

Binds to FKBP, inhibits IL-2 and IL-6 
driven events

Same as rapamycin b c

Sirolimus: PO, loading dose 
5-6 mg, then 1-2 mg/day, 
based on toxicity 
and/or levels

Evera^: (not FoA 
approved for solid organ 
transplantation. In heart 
trial doses of 0.75 and 
1.5 mg orally bid 
were used)

Hypertriglyceridemia, 
thrombocytopenia, 
leukopenia

SameasraMtaycoo

Metabolism decreased by 
diltiazem and ketoconazole; 
Metabolism increased by 
rifampin; interactions likely 
similar ^o cyclosporine; used in 
toronscrncintenanceand 
trtotmobSzSrejection 
Cv^aasrcxarnycin

Type of nitrogen 
mustard

Activated by a cytochrome P-450- 
catalyzed reaction in the liver 
to form alkylating species, crosslints 
DNA preventing lymphocyte 
proliferation

PO ot iV.atal to IV dose 
obj uttment is 1.4:1. Oral 
do7e a0.5-1.0 mg/kg/day, 
WtC to remain 
>4500/mm3

Pancytopenia, 
hemorrhagic 
cystitis, alopecia

Additive effect with other 
inhibitors of lymphocyte 
proliferation, may substitute in 
the short term to treat vascular 
rejection

golic acid anaiovue SiInitrr^s <dHiyOrofo5ote reductase, 
inhibitingourioe biosynthesis

PO or ItOoral to IVdose 
adjustmeal is 1.4П.Уоа1 
dosm Ik7.ta15 mgVweek, 
WBC to remain >4500/mm3

Pancytopenia 
mucosit is, 
alapecia, cirroosit

^dCItmeeforet with other 
Inti-iton od lymphocyte 
егоХе-агюп.таь be used in 
setorrloa oare-rectory rejection

The role

Synthetic oa 
somi-oynthetih 
analogues ot 
adrenocorticotropic 
hormones

Lymphocytolysis, inhibits release 
aofastionofvassous IL, interfeees 
withaotigen-oeceptor interactions

PO or IV with methyl- 
psodnitoSone and 
eydrocertinone (ny 
eiynificont oral tolo 
dose adjostment), PO 
wiShnxednisone, ptedni- 
ranol mg = hydro- 
to rtioone4mg =

Pituitary-acOenal 
suppression, 
Cushingoid bnbituor 
hlutose intalonaora, 
hyperlipidemifr 
obaertension. 
Potior svbctpsuiat 
actafc^, mnopnthy.

Multiple drug interactions, none 
clicitaiio tignificant; used in 
chroniomai ntenance
i mmucosuporec rion and in the 
treatmend ofettoblished 
nejectюnepitoboc

(Continued)
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Table 13.5 (Continued}

Agent Identification Mechanism of action Administration Toxicity Drug interactions/uses

Muromonab-CD3 lgG2A murine Binds to the CD3 surface antigen of

methylprednisolone 
0.8 mg; maintenance 
dose prednisone 
0.0-0.1 mg/kg/day
IV only, 2.5-5 mg/day

osteoporosis, skin 
fragility, PUD

Fever, chills, No interactions; used in early
antibody (OKT3)

CD3

monoclonal 
immunoglobulin 
molecule

Equine polyclcnel

lymphocytes, inhibits antigen 
recognition, opsonizes Iymphoc8tns

Op>ocizos;ymphoqrtzs lOhnlo, 10-20 mg/kg/dam

gysCrointestinal 
distress, pulmonary 
edema, HAMA 
formation
Fever, chills.serum

rejection prophylaxis and in the 
treatment of rejection

Per intesartionu; used in early

ThymoglolauHn

antibodies toOdnsan 
bUymocytes
Rabbit polyclonal Opsonizes lymphocytes IV only, 1.5 mg/kg/day

deeness, levkmmegnar 
rRrombocySopenif
Aver, chills, serum

rejncOion psophpiaxis and in the
Srectmget of rejection
No interactions; used in early

Daclizumab

antibodies to
Reman thympcgtcs
Chimoric monoclonal Blocks the IL-2 receptor alpha chain 1 mg/kg IV once before

sickness, leukopenia, 
thrombocytopenic
to/trointestinat

rejection prophylaxis and in the 
^63^0^0^,601^
ToihterhcC|ons-n/ed in early

Basiliximnb

IgGI antibody

Oi.meric monoclonal Blocks the IL-2 receptor alpha chain

transplant repeat-sign 
sdditlonal four timesvt 
2-week intervals
20 mg IV 2 h befosn

dl/Cross

Tcct^^>mtes'ri^a-I

refection prophylaxis

No.srterpctions; used in early
Cgligr antibcdg ftcnsplgn/and

reopcseh 4 days after
pisSress pejecCKin proplylaxis

*Cyclosporine is available in two formulations, oil based and microemulsion basednTheoutter ieassociated with better bioavailability.
IL: interleukin; PO: by mouth; IV: intravenous; WBC: white blood cell count; PUDepeptic vlcer disease; HAMA: human antimouse antibody; FKBP: FK binding protein;
IMPDH: inosine monophosnhate dehydrogeLa2e;cDp-RAD:sisolimup (rapamycingav <2 ihsdfrivctive, everolimus; FpA:Fpod and DrNg Admintstrption.
Modifiedwith permbsion from Renlund DG, Taylor DO. In: Topol EJ, ed. Cardiac Tropsplnntation in Teesticeok of CardiovascularMedicine'hndsdn. Uppincott Williams & Wilkins, 
2002: 1923-1924.
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smooth muscle cells, myocytes, and intracellular 
matrix manifesting as “allograft rejection.”

The T-cell response is initiated by the direct or 
indirect presentatism of he alkcaetigen amd brnd- 
n,g to the T-cell reatptor(TCR)/CD3 aofripkx. 
This leads to activation of several tyrosine kmases 
such aa pSd-Lck pSRPdii. .and ZAP-fO fist niteo- 
mg phosphorylation-activation of phospholipase C 
(PIC) leads altddakCytoarisem inVuacel.nlareal- 
Cinn,. Caleiuni along tu.th (klmoduhnaRreetd. 
the serme-threonme phosphatase aalaaatiooii 
Calcmeurm dephosphorylates the cytoplasmic sub
unit of nuclear factor rfaceiuateur Tmaelk yNEth-Oi 
enabling ns tran.looctmnto lhe nuclei* where tC 
complexes with the ouckar sdhcuih(NaAT-n). 
This complex hmdsRstOa or»»(ataarefaunai>faa,r- 
,ous cytokine geneSie.pecitdly thelL-2 proinuttc» 
npregnlatrng trangurrptton ib-C. .cl Cullt an 
autocrine and paraoccne ГагГпоп.аоеие-сеерго. 
Berattve pathways mihe actnodteilT-cellnaswatl 
as other immune eelle. Сускчюгша and aanrelunns 
(formerly FK506), in complex with their cytoplas- 
rnn binding jmoteinui oudnchilinr, end OK brnO-on 
proteins (FKBP) ra-pectiaem,mh,i,it the funebnia 
of calcmeurm and (iaea dtapnregnhtte nuprerriouot 
IL-2 and other суюГтепНеОдее T-delh dhhenChn 
CD4 molecule »h,eh isaoselg espooietedwkd ahe 
TCP, and plays а ma,oe iokmunuiune amoliUcc- 
tron. Blocking the Лтспон oCthdyCDnmokeuе» 
can selechyely blo<±h4toeicmsc hfahel-. erT-aall 
to MHC class ll-aUoenugencomhlex. .

Once IL-2 bindslods rritplorcntlio^uioiea 
senes of mtraaellulaeehcnti occarpudachdattono- 
vartous cychn ktnases.THesekmasesafeinaoootdur 
cell cycle regulatory proteins. In order for the cell to 
proliferate and the damn raepcna- arnphly, odd 
activated T-cell musturogreso thoeugh he cell 
cycle. As ■ n most drcidingcctOthecehumnOpaet 
from the G1 state to the synthetic (S) phase which 
is dependent on nucleicacid буеЙ-еб^тртераес- 
t,o„ for mitosis. AnbmetAbs^hkr, like aasdsiisogm-r 
cyclophosphamide, and methotrexate act to inhibit 
DMA synthesis durorm Но'., сосЫ phcse ofeell 
repheatiou. Lyniphnentarare prmrmU-se^eni^nnt 
on the * „от patdaicoicf -hcrne tmd nyrmndCne 
synthesis unlike other ceils ccdabk c. ooa-h droa- 
smn. where the saldеgl|,ad1warccn acntnbale 
to a significant extent. Mycophenolate mofetil, by 
inhibiting a key enzymef thvdpnowo Pethw.iy,

inosine monophosphate dehydrogenase (IMPDH), 
blocks the proliferative response of T-ceUr.SiaoCtmus 
(rapamycin) and its derivative, everolimus (for- 
inerin sCiZ le\ll aebs tohketk «еси-С coent. 
dowu« of theieit rcceneeri TP-s dadgemds 
ba tOnsamebe^no pnoterni os teordlimus ipnniat 
„id HOHPeO2d bur eathsh than тЬеРт-п- cnl- 
cna* » miubits He^wnkcemrpeofod sch2ectide-e 
kemedtasnarofoapaicdcn, (TORdpronms nbare 
proternc acerсqulred for cell i2sk etaugh^on h 
mebhuee Ip Cb2 .птсСспеп- aitdhenae snghmos 
and everolimus are able to block the prohfera- 
пустоте of Т-аНк e-tu inmiuncaobvntion. 
Skh» nah sveroitmuo т-пЬигЗГЮ SP kmase 
lpehurk) pс!еra,tmn. tha phsnph<,aУЬtenp nO Sep 
ridoroNal oaown, wCsc» n enougiit Th »e ima-ived 
td taanslatiocof cell соНг „801.™»,™™.^ 
CO-2 oecaator iSself oan b( tloeked oo lnllstloiited b- 
monoclonal antibodies directed against specific 
сстрт-ета rf the repoi-for coinpkx aoid toaP 
agents, basihximab and dachzumab, are currently 
mUcm»ihiaЬa„dappe»proa„Rdne. _ i

t Armdrar critical eeenl n ToccS aabuabhi, involves 
tko Oii-nirnakforp o,g„ele,whnPaeoaM,gsaa 

^rUeicsddoltpaЛ„anS tC.-iSigi„Poa(i1lн епПсисеСПе 
UnreUgeeiii^is^e^ ,s cnaccnCto bshevedohatThite 
ca-c»nmiarorn signah are „cacacryafor fSOl^r 

siecnn cf Soo n-celLorcndOtrno op -UrUCRw-tbona 
a co-stimulatory signal leads to programmed cell 
rce((td or auertn, ratte -tatt sei™,,-по. Tu. CDCd 
auO CD40iinokcukp aen ihsithgands aie аРе то 
ichЯ^mkdiс-^^ulalhrli^^^g„(atrCads^e.P1,eUrrr28 
i.a htii.eCc. fooird ооТ-ссПг, mOceoct. whit ^(^1 
(B7-1 (CD80),B7-2 (CD86), and B7-3) on activated 
APCClThrli„tema(ndrmHifi-rlrren.aepoalpoioee 
ksp Powpieenlemtg-ulniwhialсie^looto inl-anoed 
^гт1ппПс-ро( a CDkl rehronse ekrnem (c-M. 
Cl teaaueieuc.ЛeraPuprecuas^etlUl2eoae-nl,ast- 
oid„.nne seaotid eo-stdowtadsu u-iroI medvrcthc 
interaction between CD40 on the APC with its hg- 
aou ornaeTnakd T-esh RDloC <wp 39) st n.coCoa- 
(sS tltc TNW limly. TRis mteraaioit Oar еЯсае- eaa 
ntsthR-achBerdlSild aPi SORdei-hT RgdhlltaOoto 
dtreca oibnale^u InRceR irniai-THr ACC- tlhRg- 
п»1 он» opregtdenooofNa ^00 olBC-l. 
B7-2, and B7-3. Upregulation of B7 molecules will 
iaad fo etc urao^ed O^rBn eigeol. RSRlltylng .He 
PRmtme-spec» aen oleC chore. Со.р-пТопП -«»« 
animal models, blockade of these co-stimulatory



240 CHAPTER 1 3

Table 13.6 ISHLT cardiac biopsy grading scale [23].

ISHLT grade Histopathologic findings
Original "Billingham" 
grade

0
—

No evidence of rejection No rejection
1A Focal (perivascular or interstitial) infiltrates without myocyte necrosis Mild rejection
1B Diffuse but sparceinfiltrateswithout myocyte necrosis Mild rejection
2 Only one focus of aggressive lymphocytic infiltration and/or myocyte damage Focal moderate rejection
ЗА Multifocal aggressive inoikratssanoformcosyne damage Moderate rejection
ЗВ Diffuse mflammatory infiltrates witcmrocyieseamage eosceerline severe
4 Diffuse aggressive polymotphbtt inalars maiosa infiltratetwithmyscnSa 

necrosis. May include edemo,samutroage,orvarsulitis
Severe rejection

pathways markedly attenuates theimmuMayespudse 
to the transplanted organ. Sirolimus is also thought 
to interfere with this pathway by inhibiting the down
regulation of 1kB«. .

In summary,enrronhetntnunosupd™ agent, 
anastrategtesattenrpito: _.__
1 prevent the initial activation of the T-cell by mter- 

r : : : : regu o
terrrng with the TCRcomplex; . ,

2 prevent activation of the co-stimulatory path
ways by blockade yl these geeep,orS o

3 interfere with the dfwnsngewiteffeetTcRTCRnchx 
vat.on, namely 132 ртЛпОют

4 prevent activation ot the IL-2 receptor;
5 interfere with 13 downsereane effeots nen „PR 

receptor aet.vat.oit, oonnel- cell eydme anO 
proliferation.4

Classification of earihnn aUownaft neeotokm
Traditionally rejection was often classified (tempo
rally) as hyperacute poaciieringmiruites to hours 
after tnrnsplantatioclaSeftcMan hr crdthshang 
chronic (months to eeaosO. The moot eatiottns 
form of rejection, hynerepmr re,ention. geueo.ahy 
caused by preforrnef ептРутап lenOoeyte tnngea 
(HLA) antibodies, has been g-afin rcdoced by ptt 
operabve screening to- af-seacbno anUSduhed and 
prospective, donor-specific crossmatchmg m sensi- 
tired recipients, anh uowahens is re- eLlmmelymne 
event Acute cehulao re;eet,on remain, to slp„Oiseai 
problem „solid огрю benapfintoeon and fas nS otr 
core, the T-lymphocyte-mediated immune response. 
Acute vascular rejeebon inrohnn bohr She «IMre 
and humoral rnmurno an-lems ond os pOco osmeo 
ated with severe allograft dysfunction and mortality. 
Allograft vasculopaioy nr “c—roR.cocj'eetian”1 a 

complmx pagsess that involves both immunologic 
injury and vascular proliferative responses.

Cardiac allograft rejection is now most often 
cRtstfieddoyoeopmoR. Table on.0 shows tPo pur
ram SoHLo ylarfaatusn seheme [2r iplo, 1eSa.iphn 
to пЬетегИет—.е graCer e hcntbao ЧпоЫГпгс1 often 
added such as with ot •Ltaln.mi,-. 
cbmpapmiye, trended w.th 0^01 mninun- 
suppresnon or indoeaeedi eto. While changes,» 
eardeaefencnon can he asroceateO “eth aigmf.eant 
reject»» and can -сЗи^^ hymao- 
RRte honronamtm.e tnomtonog or tehoeaud,”grc- 
phy, the gold-standard for the diagnosis of 
mjeodocrcma™ dee c„domaoeotdaelЬbnpsy. R .t 
performed percutaneousi-s generally vsa Ле nghl 
mleonal jugular or LeinoaaU yen. nting a rhecttOSy 
dooenned Omptorne. И isfoln rh-i-theabeO ty todiag- 
nose casly regal,on, OoOoRe„rcnrcЯllle gotta dam
age occurs, justifies the use of endomyocardial biopsy 
as a sureedlance teclneteyoe. 5тос ,hanPllatsornorely 
of acute reject,оn A»e.,lr. oecura m the feraS h 
ittombs pocn^e^ahvoid[ UctuaUn. hho fiooe b 
montoo LoSrequene-yoSЬ,oat,cslugreattsteatly 
n».ntyp,cal pmtoool cvonCd eueoloe .ecal Oa I.,. f 
-o foo R an tat 4Ri meaks, eeeto petreea week her 
ihe yeye o 1. »eekRoe■^leo3l■L weeko for the non 
6-12 weeks, every 4-6 weeks for the next 6-12 
wedcs, uvety6-8 weolns unSil 1 peac ootC-opetatively. 
Tifereohey the Requo.sydecree.eu kith yede p—o- 
gcann- ahrnmaMg eurveSSnoce hpep.,e4 .ahoeeehsr 
aftaroaae S.Preethenec,o„ennfpnreuenirdeerecse 
mg the thTnh7 toanrua n-б топИе ЬепсЙ 
ot soaveihiuice Ьюрзю „asyms.fomahc Pn.ih- 
term survivors (>5 years) is unclear. Surveillance 
far “ehronioese■ectюn”o r allograo:CADl-gtoeraiiy 
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performed with yearly coronary angiography (see 
allograft vasculopathy paragraph below).

BaSk ■"■""•"’""m*» hyjaa’i“"o
Currently, the sticdacS, vascUiopnee vcrcimtu 
suppression protocols for heart transplantation (so- 
called “triple theraBa-) Cr,m^e:(l) anakrnaarh, 
inhibitor (CNl) snch as ppclospupme nr tacrolimuSi 
2’“ antiproliferaUveregentsush asazatlsreparnp 

(AZA), mycophenolate mofetil (MMF), or rarely 
cyclophosphamide, and th) cortrioeUapoadssuehes 
predn,so„eorpred„,s.alnnnnean).penPerp.al»p<ed 
an antrlymphocyte anZhodysucle as ATtO, рЖГЗ, pnr 
air IL-2 receptor blocSter(VassSvamanornrchc3niabt 
to create a qnadruvk-Orunrenrmcn.lii thsrenMy 
of pre-transplant renal insufficiency, a popular pro
tocol involves delaynigths mitintiop of ths CNcs 
for 4-10 days post-opce-ttpec’qoatknvf’r shivery 
of renal function andaestpn.evrdppi)phocAea„tip 
body therapy rn ths mlernn, specaM sepurnbal 
therapy Signihcantco4ttioytasdrsnnams sagardnig 
which agent mttanarPrmfthptasr.twrtcdZ^ornh 
“ preferred, whether sfghcosisfoidsprereqairen 
long term, and the pukof the evnlymphneySs apte- 
body therapies. According to the most recent data 
from the Registry of iVHnT |S|,apuPospmclely4Г% 
of patients tra„splrntef,la„ 1.9^-20,01 repuvyh 
perioperative at,ttly»tnhuppav edthbydyrhegnpu. 
approxmratdy half rfahpupreeiietmg WISH the rear 
divided equahybenyeen ОКТЗ рсуР Ibl antibodies. 
Approximately 22% pf ehem aptiapPs waee receiv
ing cyclosporine atvvarl a ppetrCNb eupepapep 
to 25* receiving tacaodmms.Ar>1iipp^ma1ehKh0* 
of these patients were reaatvmy .o^^hupeibiy 
mofetil at year 1 as their antiproliferative agent, 
compared to 15* тсе.ут^стЬкргту anA »W 
3*reoe,vn,grapa„nansPeP/ovtpaPpe«fPre1espce,a- 
mg some dose of corticosteroids at 1 year.

CNIs: cyclosponnnvepountacfoHnaus 
therapy
Two single center lUmvarsity pf РИГрЬуг^ 124] 
and University of Mimiah|25iraiidcwomodtiaen- 
ter (US [26] and European [27]) trials have suggested 
at least eqrnvalehf and реЛпра buher anti- 
reieehon propemervO Upohmu.wMupomparetl 
wttb cyclosporine »ptbs,gme,oaptly Upsapyeiecaiv- 
denna, hirsutisin, and hppeetensuon asrneialed wAk 
tacrolimus use. The incidence of renal dysfunction 

is similar between the two agents and the incidence 
of new or worsening diabetes is only mimmaUy 
higher with tacrolimus use. Likewise, the costs and 
pscitI fyubioedlevee „Antprrng f1him1alЬs ceppp 
phe)^^ ^nts. Currpnfly ) hf ceoiee of ayepe a 
seems to be dtctahd by rnihtnhonal peefepenek. 
rndividoal pane,,t effieann, ar,Гsttk-a1reAprieH„.

№. a^pnolifoeatlvoa: apathloprme 
vorsuc lePhPAplwnaoladc „tgePhtpf 
pasepaiiPsrAerAus гврзтус.п..................
Ce dzalsenesi,™dTm,rsOtdntrolkdi„aimhenrr 
transplantation to date, MMF was compared to 
etPPhtopehau te combinntion rap. cydiisporme 
ypiei eorresprteooids.h, tbs gluCp. myoptad hp 
fhhG.bshwa a„h ,УР], 650 i™., Oeapt Moos- 
pborceeqyenbv were pm^^vnr1ped equally Petwep» 
Are hpusepdy iswucet 1 ncspl-cnelpesi analps.s of ah 
6e0svodkmrnad panrnes saaealed „о signeficavt 
differences between the two study groups with 
ту,n!, M „pvivali suiftmei, tn safedy p™^. 
AsuncnppmrnsMMF was ont ava,tabla dhieip rhe 
rmtf,dPh,1rsCrdy. 72 pphcpe. nnabk io tpkn osae 
Aepeeahopo hg the capote n.ay pllarsppgern pap 
withdrawn without ever receiving study drug and 
defas-fopnhs were yAnnU on opet-label c*,- 
Aute.Thpaa72patAPts cepsvenrsd u high „огГ-1- 
hy orrpfrattapbrit warn raa<eeay u peap) endPad 
rnreaMMF a%neu раПепВ ^3f 1™» acp d^ 
faccc, coppkd •'hdA IT* parly yeoAeoprerape 
ly„t>ia„^y m nne dires),p„) spemrieantly affeccey 
the discriminatory power of the study. When the 
.sacУAln.l,,sЬTO|lyCl],,Утdv,se7elsl:le,,:.,ece:p 

pigat кая опа*>!с^1Ла_еГи1р drngte pcoredin- 
ically relevant group), the MMF group experienced 
nr a a* '- i-o 9aClcapS1danes n,tusvslf1 mdnep 
Aa-c ne frpeteC rp)ea1o„ep,sodesa„0a HW 0-50*- 
95* eoaCden» rntrmak) геЬаспортЬ.орау- 
VsnpИ. rqeclmp epiattc, cssccccted»,,chsevppe 
hele„PsPlam,oOT^nsPlmse, tn adPmo^,1heMMF- 
I'-pt'd ^"P «pere-eed hue tp.orpal.rp Parreqa Шо 
first 12„o^tl.spos^)sa,1^pPp,1 М*»™.f'.4*. 
5 o d.oaa) Of panpa^ao aCaaC isUps nbperva- 
tion that during the 12 months post-transplant 
theer weru nc deat" io pha )г pdeirгel in cpe MMy 
OmpA^ocppmpcP an 3.isode vt «vde hemp) 
dmtaneme1h] compeo„1lsmy roiectien us ctmyased 
with 12 deaths (32%) m the 38 such patients m the 
AZA gppup. T—e whp)p ap t,lpssdataeuggesttl9,st
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MMF may be superior to AZA in preventing (and 
successfully treatin2)the moresevere f3rms of allo
graft rejection. The adverse events in the two groups 
were similar exeepMJr„mnyabarrhearOr>t,l1A!«^s. 
aridoppornmisiremUc^nlpy^rngrethesv^) 
„ rhe MMF group nop more leuhe-perna ee -he 
AZAAr"A......................................................................... ,

SDZ-RAD have „edd.pd thhai,tihnohf™Ove_ 
waters. They are potent antiproliferative agents and 
have made a major breokehrough ip oie fieln of voro- 
nary stenting where the Duiorniuctiou oVvaeemeotm 
eluting .tents has alinne) elhnnattedre-rtenton. ,u 
stented segments. However, the introduction of 
these drugs into sdid tttnan trahoptanheirtn h.ec 
probably led to more,hes)tths thauarrrwoet. Kir 
unclear whether these seen)- evv Intel used na plate 
of the CNl, withniohtshenohete and cotteodPertrids 
(as part of a so-called, CNI-free protocol) or 
With a CNI, in the (bcs of mythphmmeaqu or aza- 
thioptrne. The eurdnni^icomaitKV andongoing 
clinical trials rn rernd tran.phsddanon «“dude 
both of these approaches. Forheart ^eedsaleedtatmn, 
only the latter approach has hsen trend, ta rVf 
Everohmus trial |29|. 034 Spare tranpenaie npaipp 
tents were random^d thew^d bao doses of 
everohmus (3.0 and l.Srneiday) and fpelhrnpnne 
(1-3 mg/kg/day) along »idr onaosparme 634iena- 
ticosteroids. At 6 moentte, aWe ^o апегоКтша gronae 
had significantly tewee effivahyfaduans(acnrve/,ea- 
trnn ЗА or higher, ает»еупр1пиуа1111спр1агоп1,»с 
mg rejection, death, graft loss, or lost-to-follow-up) 
than the AZA gtouh (27% in 3 nf DAD cncwo 
and 36 4% m the i.hing/dayRAD groupe™ 
47.7% „ the AZA grteueiliThn enryhat laterwere 
not significantly different between the groups. The 
incidence of viral infections, prieeen^^ QViywav 
signikcantly lower an thetwn RADswupedumdee 
AZA group and ЛетерПапеепУ baaerent neSia- 
trnns was slightly ПпцПегт the RAD ntoupe Йап 
the AZA group. Лrsшnпh1lnt mpaaencretRD raenhg 
of the trial is the Ahm on edoanaft R.seпnlпbsrhD, 
measured rn this trtnl Dy 12-ргоп,Г „Bannson- 
lar ultrasound (IVUS) [29]. In a subgroup of 
211 y ou,,, .a .tut.eweO.rnnt ^«0™! 
images were coinpamd. hhere was a siondicrn t1rf- 
ference rn the primary (VUSeneponr, (change n, 
average mammal ma,mannioknessfbetwsen rhe 
AZA group and the two RAD groups (0.10 mm m 
AZA versus 0.03 mm mRAD 3 mgгuaypnd0.04mm 

in RAD 1.5 mg/day). Similar differences were found 
in the secondary endpoints of average intimal area 
and volume. When allograft vasculopathy was 
defiundasa maxi„ali„timarthrok„esiv mareeD 
50.5 mm, 52.8% of the AZA group, 35.7% of the 
RADf5mg/p^ group, emo 30.4%орГ11г RAD 
Зalg!a.lfg!psls .lsas^.nv. hvrollua.1ia^aa I ppan

R simiias.but smade, divl nornearmnserghmus 
to azathioprme has reported similar findings. Keogh 
«el naЗШaMo„u«irЗ(irseaeftrsae1,lf„r1aa^p- 
го„Рр in two. hoses ofe)irnimus (S ava Sntpidah, 
"ae'a e^t)h1nртns (2.amd(dgninh1. ee dinennhi 
the incidence of acute rejection was significantly 
n(dfee da .vnc %~ SM. grmupa (29.4% dm 3 rdgMey 
eipd 3t.2% int^ SallS4edaoZwheneompornd rp kt/ 
nzd grasp (6T4%h Thn iesnn rnaxamat psuxusird 
„гопооу гИго» incaeasan ОЖагП^уоио 
as compared to only 4% in the combined SRL 
gt.e.e... nimacdy, tfh m.exi„fi llal!e..„s!uP„..re 
„„scmiS by П» m tbnAZA gndue nms encreasae 
e,nfyesdmtЬeco.»ЬmeUЯUL,yoppГi .
h waceirerthe» changd) rn ^7.^^^- 
ГорпГЬу nod nranslanc m)hlrrrKret„n.Rrm.fu^ 
catncn rename (c beseem ^„оппо, uurrnebe ?.% 
tpandranta beween l-)ieareVUeparrmeterпanV 
knp-eein, nun™ m_ h„na stnPa^ deain р. п... 
ar2nu1ree„cпumgn,d. Hg„euaп.ЬMhgt)here stdD- 
,ca eompared sirnlmsnr aen «аЛта-у ea ara- 
rbeapanre.nstn» d^prnfsecsmiгpho%tt „п(рпП.Т4с 
^aigmtune cd <ИfeaPDcein -чсгОрп rntc ЬeDsasn 
ts,egrh4 pt wa. greneer mm k^c .^014.»%^^  ne 
st4d^esttDtnk,e myshп,Гn„nЬ^e_sBePyi22| .Uyke»,ss, 
n^^hfSГoUite »ar„M tarm>c^atmf dsD2 esigmk- 
cant decrease m IVUS-defined vasculopathy at 12 
eanntoswhrn ^„....рг.. m azat0eOr.nms Г2Щ

In summary, it appears that mycophenolate 
aippet(l hvv- 4edpseu ns.elh.en.ip. ^drn -ггпппгрГ1 
ат.ргьЫе.атеи agmг„hnDrttaherUfn1thrrttp .bun 
given these most recent study results, the role of 
шоНшог a»1 «errnenn4 si«)u1p n4^paf1dmgn, 
the near future.

Chronic horticosпuhoid therapy
Tlaerolrof sorticosteroi'dsitrcMeewi: immunosup- 
arerriye ymcmauls remains uuaekled. There has 
never been an appropriatelysized ,ratidomize(l con- 
troM tantiarfiesmgtinafsode. О^ррпГг ,2п,h 
is much single center data supporting the use of
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corticosteroid-free maintenance protocols, at least 
in a substantial subgroup of patients. Few pro
grams currently use a true corticosteroid-free pro
tocol (double thcruty with efdo.porrne end 
ezaducprme) but tnuat padpram. aftampP Uup wrap 
corticosteroids completely»» durrng rhe erase PH 
months primarily so thorn patient, who expen- 
ence little or uo azute aUogrnft uetootion hlwit 
programs uUl.rmg tnpln-diugprotocoli withyut 
am,lymphocyte auttOmdt ir.ducttoa iherapt etsnr^p^l 
to completely withdraw corticosteroid no sooner 
than «months pott-ttaosplantp whoreur the puo- 
grams with the eaadest tor1sгotSpeo,d»cPrdra„al 
(2 days lo 2 months, poo qoadtnple-Utug pnoto- 
cols (standard tnple therapontu-aohrynrpdpoyla 
antibody therapy). WOtle id is arguable whether 
patients expenencmy mplloykmsaeiiontpuodec 
early alter transplaot ston-hUe dewood eomuletely 
off corticosteroids hate after litusplanW il teems 
clear that patients who experience Ittola or op depth 
allograft rejection epoteule. c]uiЬess1fe1nmem- 
tained without согЮсорПрпопРУр Tajulor ei ul. 32]_ 
reported outcomes». Jeuo—. whorecetpph 
atftilyntphocyte anUbnOp llyetp jy УрптапГу OKTSu 
along with cydospateue and aeatltioporne pud 
tapering doses of carl,naeoturhod PhoOl dodtoutuouud 
over a poUenppmhhe1yEarlymUd
or moderate rejection episodes were treated with 
augmented corti.^oaawfollt.tyP p° anotbeu 
weaning attempt E-vlp eort,coplrropP„гanmg„ui 
abandoned if a senamsbhr^ar аргаУрпт round» 
reject,on,or more than Ohio lueatsO mhd-mpderate 
rejection episodes «ар^. OuehuttPand and 
eleven (30%) patients were successfully weaned early 
from corlicoskroidrandaxperonaop an ep^dlent 
long-term survival «А. И-уе» eaSuaoiaft nelemh 
was significantly ЬеаГаГрЛаПоГЬе remaining ПеаГрпГг 
(36%. 10-year actfaotO . UtbSe thгscdeaadooot 
suggest that it was thela-kntcputlcosteа81d%hatlph 
to the excellent етртакп sparne ublekdy -hut the 
addition of corticosteroids back to the regimen of 
these patients could have improwdcundvdtoher.

Combination tdenapy
With prednisone, twoCNrijaestrsU Йг—е anti.on- 
liferative agents, and at least four antilymphocyte 
antibodies, the numbor obpoositie oombinatiops is 
quite large. In small, case control reports just about

every possible combination has been tried. How
ever, in the larger clinical trials (moludiuf Those 
discussed above) the combinations have included 
pehnarilu: . .
l eydorpynne.AZApand pmpmeonat
2 pydyra™e,MMPiat,dbrebmeeon«
3 SrcrollmuSl bZA.anOpiedmsone;
4 codnynt,pm„v1ohmnt.rndpmdnisoiae;
5 уусГоорог-,!..roh mourmdpredmkioe. _
ПроросоЕ. 1-4 '' ' ■“inP'O ashedenamnJbahp 
bodies OKT3 or ATG m selected patients. These 
aoiubpipjtoiu hmr pr ofcd ppfeaa0 Pu b^l
transplantation. Several other combinations are 
ru’d hnuponhmg eveSuafion. _ .

A umaip rrngk cauOe saud-amu- lOeUenytrsely 
nl Munich [РЦ .suggastr iPa csei-hmafsmt of
tc-doPo”». MMF, aatd cprecootpraod. htPhЬplж,re 
adectt^tha»^lo.A,Poa. MMFe aesdctsyOcprs 
ouneuir wpaciee^wSscs MME dn.mpio adjp.eed le 
blona leueh ratheytltгnaP„mssSorehat a tinsd 
Лрсс. UOrneacMn гугОр аеаоаиИ with diss cambs- 
nmou secm_rf ^cerrkblc. rlapuearptlrlllsqм,vu- 
IcnfPo aen uPPiIMF am accecated mth Ыpldrr VOC 
kvpls pcheo eombmcorwl(PlaaspPmusascrlmparen 
to cyclaspormc. Pmh„matpo,dc„aa ruggerts thus 
cydpч,orme deereaat h,c_MPAkod rhgPhybp 
affodupimksfina 1|pppptld» rood apkgohenafiг 
melnlltЫey„hMPAPyУtcot^st^^^ethp]lu^asanau- 
tral effect on MPA pharmacokinetics.

The treutmenO of acuaerejnction
Thphmеlmpcl of acute cardiac rejection depends 
o, d-_ ЬгсГЫор.с grade, the dm,cal snuafion and 
the prior rejection history. logennrol, mild sejec- 
turn eplrudes даНИ Атк OA IB. kw-gmOd Ц 
am often ireaarf onayiiit ophttt^rmo Hup стгст 
lmoeluuorppptt«,op.e0oderarerelu;stpnsгoytoheo 
(advanced 2, ЗА, low-grade 3B) are usually treated 
widsOlulfiadtstiy aupmenttpimm ипозирргезп'оп, 
sudo can md or mttuhe„pou ppiis of сосЬсор 
artiid. rnd oplm„аa0o„pfЬmkgmundgolbru„B) 
snppmoiop. S„ew ^ereofifit USHPO grade O 
is generally treated with high-dose intravenous 
curficskumds. .тЕрОпуто^е anlO.dks fctBhas 
OKT3 or ATG) and optimization of background 
immuposuppressiosi. Dps Ю .ha сопО-Рт11»0 ot 
the humoral immune system (B-lymphocytes,



244 CHAPTER 1 3

plasma cells, and anti-allograft antibodies), acute 
vascular rejection isgeneeaUptEeated with high- 
dose intravenous corticosteroids, pulsed oral or 
intravenous cyaophp.astam.eiisann-dhanti-ca.logr^f.t 
body, and plasmapVtvens. Hemod,™.»iuidSp com
promising rejection, regardlesv of the bnaptiy sorb. 
„ assoc, atewi th poorshort-mdlong-thrmoatoemes 
and must be treateb aggressivelyTboseassoHtted 
with minimal cellular infiltrates (ISHLT 0, 1) are 
often presumed to de a -«culae cvpr" and fteftsd 
accordingly „hercerdimhassn catedwilb ae^daf- 
ate cellular ,„filtratws(S SHLTOlare yhuallyirealeF 
as outtaed above for n^ehmeirrdSn . ,

Patients with reonrrrnd regeotioo deepstoonti»,- 
drug doses/levels odeo rmnireosueersmutL the 
alternative CN! сот-™ ft, so ahemft.ve ent,- 
proliferative, addition ot pyolhetml^ld^ps^ppres- 
s,vc agents, and ™, lotaS lymphs»- „nadqhoo 

refractory cases. Fur example, tarrvhnrnr san 
be substituted for ryrlosponne, rnypyphenplate 
mofetil substituted foe aeatLl»prmOl evolunue -al. 
.muted for or addaL de my»pheodldte pic^l ar 
azath.oprme.eft.

The future: new egenps.geoe 
therapy, and ^re^PPn^tolerance
While most of the current clinical investigative 
effort is focused onbettetutilizinghe immuno
suppressive agents wehrvpavailablectherea few 
ueut agents in animal stediar ssaP eautp dualer tri
als. None, htmevet, «атаа!-^,^ bruaS-s 
through drugs. Уст tbeaapy is а рттшпц 
technique that is currently being investigated. The 
ability to genetically wltat a doom me» „пИ 1 
day revolutionize osgpii tsausplhulation. Attsmpts 
at humanizing xenousaftia sowed miderwayprL 
inarily using transgearc pig mudele. GtiopHc mampp 
ulation of these pigofo апртуие IrLmanaurnalanrevt 
regulatory pmtemshau 1H lornarkeF ^tUannaUon 
of the typical hyper нolaoenonealare,ed1on.Geoalft 
manipulation utilizing gene transfection (both viral 
and поп-viral) has Fthp nnccesaPilpy sorfexmed io 
animals. A earietyofncoes hoosUerntetyottd. 
Over-expression of 0otУTG0-ЫandlLr^01tesataey 
associated with „,pn>oeУnurmeaUogsaOs uivival. 
Likewise over-expression of CTLA4-Ig in murine 
liver transplamatioo1vosnecsateVra1tlhmodunoFlesl1 
infiltrates but no parenchymal damage (suggestive 

of local T-cell anergy). Causing apoptosis of the infil
trating allo-reactive immune cells by over-expression 
of Fas-ligand in the graft would seem like a poten- 
trsPo fveoershul approach. HowonooTeehnnmid 
triois of Oils mudrod Oevegenptanyeraled.'Ohdrpaior 
Vnutediopr of pw currFnttraorfoctюl(netlnrolopno 
tdo Ourabiiityof the iransldf l1d„.U1rVVa tmosgtpft 
Lemarft tcaouHmd areysm. would seprnse eepeafad 
(teatmeott ftdmamt.am oeneexprotalnu. Despiteftf 
-“.“■Heiie tltotaoy wail hkhypl^d erigmpr 
cant role m the future of transplantation.

AHogoaf) tceeranoeiehv p myCre.l
Sieorlo one, iU- beet Упт-тгоеоррте^™ ygml e. 
no immunosuppressive agent. Unless an immuno- 
oftuftooe wm, a lapabieo-alhecrmgntr-yehe 
alldsreeiasee „rnunacaisudrese anllafoio^spe 
the risk of collateral damage or toxicity. Given the 
nPasspnpn eednndanm idthulrnensn vesoopr 
’H”” ПиииШо that toda a .Ho ni crmfonm 
ban raa drags nil budeveloref mthcnaeiftimrp. 
Thap only immunologis fdkaaohc adn оготОе 
Hc peeufL we strive Foo. rndnfimte аМти (по 
xeapgHdl shssi^m.oftferwiee „УгиеаГииттге 
hafttнldw,d,pmthesnkst1rcomomdnrnror„,gOtl 
mg immunosuppressina lherepy in thv „аюгиу eh 
patients, current deny reulme„h 1еаП L (nr aUonil 
some degree of tolerdycelns Oredl,1,^ldрaudЬyd,lrg- 
geu^incnori deapilndecree.mgtmdiians- 
szprmssu'e drug requirements, and the lack of late 
oyflanve seieetivn). Hoнevettllaatoelreuee rt mmeo 
UletefHOempmtretaO be the иПУпеаПп datlsuctioi, 
of tleu graft) nod nddsVatable (aaevlрedaed bytde 
ebOift. in rndmc arutd taiaofion Ly decreasing or 
tfoppsng пт^к^оаипеп reieropdpneiaoe byaunle 
v,rel mreat,o11e Whitea ch„o1Иa P1soohalon rf 
111»™^ wed beaandthe scone of ПоасЬорЧ 
isee,Retr IdOd^ fee mom drHimd penveaioerti a 
eewLasiC eonccpts arc wosfh npLeg lнtmu^ta,lpнc 
tolerance has been demonstrated in a variety of 
ouytl™ «tmaplam yr.»IJ... etdiprno avarieer 
oS lepm„рoaf1g„d po^dor a yef,seyoe mn„une^r 
tnoie medte„A„s. TFa mere com„o1rip myoklld 
medrnnoms ef tolespiftu пнОг!^ eУmles,s„llnpth 
mpncs ped „ftГО),dooalrie^enolyclar,alanergv, 
mmiama deo,ai,o„ (i.i. НР1(ТУ2 оатЛрпН. s„0 
sap11settueapd vela cd1s.Ul,aprtp„ate1y1fseemr 
diatthffoeesft medla^lamtУa^O ldulnplpmea1,e- 
msms) are operative m the different animal models 
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and with different tolerizing techniques, thus it is 
unclear which mechanism should be pursued in 
human heart transplantation.
<1,while allwwhig aqpiie OapaHeand 

comply tolerancca requires taM mrnhrairm onO 
salvage rnth alloge.ana bnee marrow rransplau- 
tation. Given the cnce.rt nes* whin ас-оаЛА 
identical, allogene,c bone manipw Ьав^ап™, 
this technique has not been applied to human heart 
transplantation. Ba^d on GaVaftanntba Unleenshy 
of Pattsbuagh |35| deotbnstralotg the fnonnae of 
dotaor-dereved nnrnnne odd qnp.ahsnlfwnh lonp- 
temi graft snrweal lro-o.Oledm,cro-ohnoe„rm). 
several groups ane pestoanting bode-nmsdow- 
angntented cardtae dranfpldntandn to aa attempt Oe 
facihtate the develdpnten, ed Oao „neroolbmasc 
state. However, at ,s nod dear whether dan dtarna- 
denved cells are actodtn tnrpndeaOfc/octhelong.rern, 
graft acceptance or sunpdy are peesnnt Onaac . 
Lack of allo-readevety to the doner (io boOn Ле graft 
and Ле passenger anstnnnd cpUt).Preleaatiiyryresnlts 
from the University of Pittsburgh [36] suggest a 
modest ImprovemM n. ЧпоЛ» ■пу.Лпср snOOr 
bone „narrow augmeosettonmnoLttand tnngceeip- 
aents but no ewdeucn of true tolnvnrKe .Attempts at 
donalddet,o„ordmnfl.pnermaonapmealdh,drepjoei 
pronnsang tecluuqueo.Asaasaoiiednt thc tmtorioo- 
baology paragraph аЬгеое.а! Oat beeudenmnraaated 
thatT-lynaphocytes rnqшreatldarttwomcsor2egg)aЬ 
from the APC to become activated: (1) the TCR/ 
MHC-anUgeti anterpeotmn (dtag rn llr-.l sf-nal latrd 
2) a co-stmrulatory netiT nmalnnag CD28n,r the Po 
cell and its ligands B7.1/B7.2 (CD80/CD86) (often 
called signal 2) . to adhftlon Ленг™»,, Odtaeno 
CD154 (CD40 lagaudl riu-ltnT.celtanO «(receptor 
CD40 on the APC is facilitated by signal 1 which then 
fadhtates sagual 2. ft Sips Ь«о demoOdeaSed io„ti- 
rnal models Ла! acCDton ofsagoal t OedroOlsipnaO 
2 can cause anerfynr aptrptop ottoi T-sA 
hsterfereasce wall, sagainl 2 by odmametreUoat bPand- 
bothes directed at to OOdP ora rclnVed rccnptot 
CILA4 while allowrng nguad l to 02OL)ed bar tn- 
cessfully induced Юкаете „anrnnh rnodde. to feet

one of the met fodnnsdig cermet ftndy Л 8eta, 
Knh erel. [37] trfanedMHC-nnsanaidted rhesus 
monkeys undergo,ngtotndtra(dsnledtllnlP„oltlnc„0n 
bodies against CTLA4 (human CTLA4-Ig) and 
CD40 ligand (5C8) bridly after tornsphaot «МаоИ 
other immunosuppressive drugs. Long-term graft 

survival without ongoing immunosuppression was 
demonstrated in several animals. Hnwevar,thirphni- 
cal tolerance was not durable as evidenced by late 
acute relnidonqiltndnn aie anveaal anmoiO wtoth, 
toternaarnnty. n^dPedro repea( lenetaneact noth 
Лезе anUbodaes. In аОЛОоп, appaaeiotio tolsaaot arn- 
„pJs aeOtmeh dornac, ^р-По reaeOdaty ar wdt 
ar donoo-reaCdMy lee maced l>atlnOoeyte enltnae 
da^fteЛease0rfaentorqce0od.Ta,rrretalvdosaml 
ale noO well-toftramO ртЛоп! Iccta^t penimse for 
-ОооопС tcehsnltotnhon and human nemal 
trials are currently underway.

Anuonbe2 ofotnee-nndhaPs hnveb™ moteon- 
the nr undent „odds mranOnao dooorrcdeedm 
tncnefosiemfi foerady»■ah pepdPcs oaMHWdass 1 
broO lit anitadr^iao „(canon of Oo„oranllae„l 
„oaoncmnal aatabeUses cgandst_o_ eataeSp of recap
tors (anti-CD4, anti-CD45, anti-LFA, anti-ICAMl, 
(П0^0 J...P l .eid 0 „sfOtshe.).0»,] тепемтр 
Fies-heaend nopmssmo tb ano allotoaft er eaose 
ap sпetsol!ofttm„ffltrato(gTfCdпi. ...................

Unfortunately, memory T-cells are quite difficult 
no tolar,ze at cg„,paF(d to insw as*Ones (neleroz- 
e„a^at)g,es„,  ̂„rUhn oOeoOeem pg.t.tctnc.pToin 
patients already experiencing acute allograft rejec- 
li.Чli.la,aaLai.eloll.oll»ea,,,acldfa,a,atala.rclne, 

icЧteca0Lytdoa«,i0fol^edgreftml
A teen aatpostaMpoent ,r rhaS n,e„n of Ocapto- 

p.aa.,1 rohaaooe „aenOanismoequircacompoiam 
m,mu„am■a0aao. !„ foat.,n)0lnn hiOl^dgtoe„lLdce 
ces lmЬntkalh the аПет»™»» rft.™,- 
^0™^. Thus oor aor-enmmmo„on,0t 
prosswe eeTtotens. mnlaiihon tpprrogon„a^looK 
.st„rOrgl^se,ec0„,„hlod2oЬnp2Ci.entsna,hteddlol- 
^prneutof ton™.oa.Hrpoe„aratt otha naka atoava 
ntoosstgaeon ettda bravo neeneLttpalteoiota toto- 
tc„tgsneetagpm icnora, Рпеага ttananlohO ihnr 
includes no long-term immunosuppressive ther- 
(С.р™, Ле ^tio hala^^|nalcot, anffcbttoa Do
an rhea raohayitoferiong ЯгаК)Ю rf iOo (nearO 
ftliu-ewlllhOcty rnduas soon dnyree oO u„amh^i
• • •
mg immunosuppression.

СагеНас aHograft maoooiaopatOy

rmwa,2) nfeomft vasculopathy (CAV) as Ле lead
ens cease nh deal , and a cause of sagnafteanl „or- 
bidity after the firstard aost-traosghnf [5,8,10].
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Angiographically detectable disease occurs in approx
imately 50% of recipients Ch5 yeTES. Studies utilizing 
IVUS suggest that the incidence is much greater. Until

recently,the,„,An,gionrapKCn.lyde,UnobipdreSa 
sion had not greatly mSUoefoPfoomtoPartm ofCAV. 
The term CAV encompasses a wide variety of histo
logic, physiologic, and tntiteoral tlll.!ln!,.l..,lle<..W 
(within 1—3 years) tsusualldchtnactenzedbydiffuse 
and distal involvement. LaCmCCV (after 7pmass)often 
is more proximal, focal, and eeuemiee. ,

Histologically, CAV to eh-raeldSfendSiyiertotidC 
““f and if,#dreprhlieerado„ and „Lrgeattttn 
of smooth muscle osllsundanuxrodhbuer.nirreesee 
ground substance, foam eohs, anOlviAeleftStdcn 
nrarily occurring wfthrn the rdOrnal 1..рсиЦСЬ 
Angiographically, s7nemltupesofleslonehadbbmso 
described, rnduthag droxnmalSocaC «fusses fTf-ps 
A) d,stal tapering uS yersulo (Tppe B), a„d Utstal 
obliteradoii of vesselrgTppsC) |30]. . .

Aear,etyof,mmd„oCogeranair^„amacumslog,o 
risk factors have been .ihunttHat laathe deselop- 
rneut of CAV dtaponsedphu uag.bgtshiihi -VUV. ou 
augioscopy [ЗВЛОАОаЗЦ, LZu7 .umpeaaugOa oilier 
donor hearts are asehknded „.th an merearedried 
for the developmenteiCAy tenlr0lai7dragzarKa 
transplantation. WdedCAD IzPtotheoeePfor can 
diac transplantation, there is a 33% increased risk 
of developing CAV ate pears.m.tO.. The „me 
common nsk taotorsfordtthoodscletorihhyper- 
tension, hyperhp,de„ia. «hUaies, omotang. and 
hyperhomocystememia, may be important m 
the later phase of .dm tUonop l>b oaom) [«„Щ. 
Re,eenon Instory, HdAm«atma c„aoe^ls«lkeelrgf 
endothelm, the presence of endothelial cell-derived 
mesenchymal growth beta., c UdOnOn., f.,p 
express,on of varfoto ehousukhtoC] cyhohmmSt atodg 
or. serum oard.ae Ompeooe-T co„ac„daOeouSiilre 
quantity of vanoas apedoopsoterno, MHCduca It 
expression, gene pnlyrporfdmuns foeplaeoiistogen 
activation factors, ton qoauUtyof eaolLnsa„ileo.eg- 
ulation factors, andase» raun aShma.tyhuea band 
assoc,ated with .„«based nod foe CAV in smalt srn- 
gk center «nd,ееН^аП,

Diagnosis of CAV
As delayed and n.c.mpkk caaUne rc-rn^on. 
CAV rarely presents as angina, particularly in the 
first 5 years. The usual clinical presentations of 

CAV include acute myocardial infarction (MI), 
congestive heart failure, arrhythmias, wall motion 
abnormalities, or sudden death. Most CAV is diag- 
oerrnst bpnnutiiielh echedniad ^аПу emn7,Uados 
s„ad,geaa,loz, Howeuer.osueu ttreoftao dcffuseand 
distal nature of the disease and the lack of an effec- 
num ftoamram for tiro ebony ooine роицеате hare 
obveOnnndenrveidanco „«00^7). Man. days 
“Otub to use tfonhUdaetde tecdinooer hfdeeseare 
tda uesP foe rnvaaiae СегПвдапПЛтРр those 
icasenttswlno,.^ЬеоеЙ tat аПопгеО redeaeug 
l”™"” СеО^чигееОРП^). 1luereiue «^„,0.

eChocardrodoe«Ьy Pae Vsa„ adeooeted 
as r gzeOdl «s«„ng fool )w oeUice ehe,nebdfoa 
ппь™ , cmve^rne dln7mgeohdy. Dobuforeune 
ат» neho«sffcртpde sacoh ako bc сЫшоГааса 
lhedoeores«p„ of s«aЬashbd CAV |ЭД. A1^euabve 
Роьта„п..е stmss oalide«hmamm_ ^s arn>«71cd 
1,^ о1о»01П oS cesstecc7Osc,B.Nuat«1s^^cd. 
U4d«. for 0пШр101 «coas san,llaaedhh
“BB1 ,Р“"гь” s“ (umodrapLy have ata br.» 
]^^0) Even augtogrTaWy hat Us ОгрьИОоп.о 
Domtu ftro oft» drffnre ano ce„c««„c „«иге оГ 
7Pe оasbeael,7t^. ar.dlunmphu,»Р1nh ,7es7ep7,aCCd 
rd-™,-, foiste. even severad,seaoz. 
CVlSn.alnl7OlfmcUylmaueoae7ee«elwalSfsmdch 
,„„„ sen«tcne ЬН102]1п^Р uusIocK rhe dnrnlop- 
rneut oSa„^,o„,lnc i pS„ „d cuUsequem morn 
bidity and mortality [61].

ei-aT"-^^ i p .
Until recently, augmented immunosuppression 
has ooc Sgea. rooduetaly shown to prevent pro- 
grer«em or mflue„re the development of card.ac 
ePversb eventoA smdl, «поСг «„кг aldUy «вдели 
гОааиЛе «груььоп ft■om,azathldpome urmyzohho) 
nodite to spod^s „aya7eenolrinomeo „раМИе 
wrtUa«la„sed«are [0Р..1гг agsehprf46 pede^Of 
wdh ai^r^aa^ic allogmft raaePu7opntUu. She H 
haMHC oandornly aoeigtied in eapantpmin гте™- 
ocon 14,™^ much «,„«г sdbseqeelrt^:arellaa 
eeouts MoOmeiS as Wealh. Mi, aesU for smsannUtatd 
no nyosrr gefdoy ог^>25о/с_п1Ь7«„„18 of organ
graphic severity score) (3 points versus 14 points) 
dneinfmolloWiUp of <2 „aars ««si. Tin's infonna- 
tion, coupled with „гееешке oHheeverolimus and 
simolimus trials di'dcusrac. s.borca. sr.gocst tlt% tine

oard.ae


The role of heart transplantation 247

addition of sirolimus or everolimus maybe reason
able for patients with established CAV. The treat
ment of established disease is currently limited to 
re-transplantation add рсШеИ» remssotaeizatiem 
techniques. Retra^laniatpuis thw only npt,nn 
for patients with TypsB nnd CleS,ydSeepey,allc 
.шее transniyocardiaP beet revaoettPsttatattn v 
unhkely to be beneCcnsl ue the fopg ^ean,. using 
current techniques [64]. Retransplantation for 
CAV has been d.saopnfotlnn in -Пр p-». bps cur
rently, ,f performed tneta than, 2 yeans pftes the 
nnoal transplantanun. net, reshlt qu eur™l „ter 
only 5-10% below those of first time transplant 
r“p,e",sl51- ............................................

Percutaneous reaascptar.znbepofprnxnnsl nesu 
sei lesions when tho 11515—io%eln are an hi oyBonhip 
cally normal is associatedwabpranary success and 
re-stenosis rates snnParfo Лот „„anuevzprd 
interventions. Howevee hseause nf theagpteiesae 
and diffuse nature pf Used,setae, tepeated рп^ 
dure, are often neressam io address new.lnoouh 
Unfortunately, rise proemae of vceee dte. pus 
ease.percuta„eousrena.cuh.dieBnprdevenforTdpe^ 
lesions, is associated W1ehapopa yn1aome.Wouopaee 
artery bypass graftnqf Pau Peen used ne raes пЬ 
uations with mixed results. Patients with normal 
ventricular functionp enaengiogrcpl1.eoesld01mal 
distal vessels appear to Ise site tet CBupidnee 
for surgical reyascdlaricas1en. G.nen the шегартГ 
results seen wtth reim„eple„1al,o„ aed tpsd pseut 
donor/recipient disparity, aggressive use of inter
ventional, and/or teAnlque. hr рток^.
,f possible, the life odtaecasd,aoaУograse p^mi

...................................................................
Thus given the lack of successful treatment for 

CAV,strateg,estoprheleosihalepsharehe^dl,,ocyoeel,t 
„ally reverse the d,eeaeeaheuld be a major focus 
Forbothprunaryprevecnourndthe prevent, metef 
progress,on of estaAhshep, dieeare, 00™™™. 
risk factors for coronary disease should be ehmi- 
uated, minimized, rn сштоПеП. PUlnle srnh ..uP 
factor reduct,on map not afTra hae eerln aahteisive 
form associated w,1h,„tlntc1hnpepplarla, ивекаКа 
form may be „upaand. Мпк there ,r вое  ̂
data on the сотпЬпПоп edhpnlsm CAV fee» 
the htgh incidence of gPsoem rnfokrancs, m^- 
kiision, and hyperhomonlaУemвintal„ transplant 
recipients, it seems reasonable to target low-density 

lipoprotein (LDL) cholesterol levels below lOOmg/dL 
even in patients without angiographicCAV.

Immunopuppression-reDateC 
aompl каНопе
^«И. nr>mplio»*lons ................
Infection is I major mausunf morpipityssi poor- 
trlfty; aVee mgm trcusptelredttenie.dS.tid). As 
the Рагине miens„offunmososuppreiston poss- 
dPЛ.ptetdS1dmthe lflprhofi„eenooe «ueel«f m 
„dup teiaptet aecqllents.ntan,reldtlae А .Ру 
time from transplantation. Although opportunistic 
fongel puC camshlc toVctnn. ars fane-, Уи™. 
sndiorusee aeeounP lor more saan ПОУП ah mfeev 
intel ate irallrplantatlnn.tn lhafirat»dl,nr alter 
transplantation, nosocomial bacterial infections 
are themosi eanrmon, .1^ es.n,odnn ulhett1ons. 
1yfeaO,0tnamv^ularaaUfeeereЛns^Slnrgrem-„egc 
аПиеигп.аву tract ps pulmo1tary ,nfoclnhnt. The 
incidence of bacterial infections fall rapidly over 
fhh air <1 nionih but ..ate™ at p „nte ked lang 
penn ao,drcma,„s p „аре „11» erf lhte aetara 
^^010^1^ of yuele hmyd. anP pa,e^ltd 1пГго- 
eoene eiaPt or te fi« s-X morlthsed>li-arelaeplena 
tyoem.wlv-aeteapyemlpat«hm^dalddtmceш„ea 
line ar o^ea,teft. T!» lnceУaneet0lndecatetea 
etels and adnevesa taabul aahelans keel tang 
term Ik maft en„meh n„al__aftectlonr are 
ehused bs Pm terpes v„usbs: CMVt hvh.es snaes. 
ent tepee elyeplea Ie -he oapt, CMV иееР tnbe 
^soeeateP «idhЯgmnnmt „erbtdisy and tttarteiy 
шОвпрУ ^anslllmtreedsaalBУluCelccnaeaduceaenaa 
gancy Iona he. S,gndetant1a -^.^101^ pcah_ao- 
uc ЦУ.Р.П, Ha^ver, eaha01eleelcretdlanaCMV1e 
pccatepnaily mem Pat,en1srehnareCMV ilennege- 
te who receive a tent ftc>nrceeropnaitlpa donne 
am yp me«eacmk fan egge8]r1ve<teenetAnnmpv 
ea pseoeno CMV 4ua«uy shese „0»^ 
paimnC lacietimn kesduhiepeioemg. Мапр-ртОв 
temper use rnrly „amve„oye yanotdace fotleaieO 
by c prykhiged catirse eyO asal CMudov. ter 1^1- 
^^ackehc nfl» ,nel1Уllrihano„„hht„trat.epaar 
СМУ-чптауе.ттттаВаауЬп. Manp oenpeeme 
ypi^hntplysia ртeeu1p1a1e cnpeehdrenCMVpph 
foPaw eр.hll. emsalvalaaaratpay,maakertn1earip 
alfectlpn scthts CMV-h-ageenimm anu tectt „den 
a certain threshold of CMV replication is found.
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Fungi and protozoa account for <15% 
of infections after 2ransplHit,butthey are associ
ated with the worst prognosis [69]. Fungal infec- 

often occur in uugieuts „do „quire oateusn-e 
antibiotic treatment oooc, n prolonged period 
before or after tranpplanWaiion erm „hpms.gmfi- 
cant re,ection occnru^wUrceruquirer manure and 
prolonged high-dopr „anmtiosupprpaaion. _

tatbeomremerMruemuropneofprftemrrenudnu 
free of serious infectioitswjtlrau over aUrncidenda of 
rnfeefton of apprteuoioOigyO.S mfeoftonrrpalirot 
The most common site of infection is the lung, 
accounbng for up to one-cfrfrd of ailrnfmciopo 
Whilemortrermurmfetcnuo.u^e.eeroxMlntreaoed 
aud despite its low me,Penes,, ufteaion net,,arns a 
lead,ng cause of depth dicing lira fine ycos |dd| mnd 
long term [S|. Howwdeti min ofteoaooffcnfeaSpm 
may be the actual mode of death, bow it was trade, 
acute or chrome „,ectSLotosot 0^ ,

Infection prophylaxis, particularly during the 
first year posbtrapapla°r, l[ co„,„pn aue hoi 
reduced fhe„orb,p«u епЬтоПаПу ЬЛ^птоаг- 
diac transplantation frac CMV, Peroedocystn «rrietc 
pneumonia, and toxoplasmosis [70,71]. Prophylactic 
regimens are cornmoaly omrilppeo agsnspt CMV(rt 
either recipienta douospra goslsn1elcyooplas„,o- 
rts (especially it thereo,plrnl lrdcual,yeapO the 
donor is positive), Pneumocystis carinu, Candida 
,!3^„;».,l,.ll,sl|„rPdl|frI.el•.r0o^.rslco,lplel,l.l 

vaccinecontrovesssp(. Cone»» nr,tit groan, atren- 
dotal reports ot pos^oaac,„e e?ept»n episoden hut 
controlled vaccmatton t„aIs hade froSeO Pee doprn 
ment a significant risk [72]. Certainly patients at 
high risk for ,nflue„aa rntP >„^41,™- ftrfluenza. 
related „rorbtdttyftnortahty sVpntd pre mcleiml 
for annual vaccination.

. .Hypertension , ,
Hypertension occurs m 72% of heart transplant 
recipients by 1 yeaoand 9p% ocrpeipents by 5 
years [S| HyperHyslonesmorr common rn 
cyclospor,„e.treateH(ea-anгen_llh.an,nГacrn72,%s- 
treated (30-50%) reccpeenls. The role of boaertea- 
s,o„ the development 08 eemal РурЬсго-сп ent 
CAV in long-term ehol-nglarinnotknahan %

ACE-inhibitors irop satam» Лаппе, tOrekem 
in conventional dnsoa.eoasdfhiaidr nrpnotherofC 
for many patients |73,74|.The ppnibineoon ot 
cyclosporine or tacrolimus and ACE inhibition may

cause hyperkalemia or worsening renal insufficiency. 
Due to their inhibition of the hepatic cytochrome 
p450 enzymes, diltiazem or verapamil will signifi- 
rcndyoai „ctclo.porimtandore„OmpnarknorГannrg 
util, ofOoshanACDinhorifoa and .antamo ddom 
nel UlaidkaeioeCnect^inniadh paneaisidwPom па,- 
агитат. rf dangs cpony rp sofflc,mPD,urrCss poo 
effrctise p acme trunapkont pпlla„ts,thooпhralelp 
an „ovotoopy RnloSavovulumo depletion М 
be avoided „Oh the mmeemrsoit me nfeodosnoiine 
"f1,on^•.............................................................

Alphe-dlppn^, betp-Ыnandrs,ppdd,fectvfsead9v 
rprssnch co hyOralafipe osnsinomdd Ome oPispaP 
ча^ aueceeaauPy o ftanoptaft recp.ents. As the 
on nervmted unau^rnthedptaehe. Oeaaalp bna.rcn- 
bftug noaocoolammonfouttd dиih,oBlrp-nropv.nc 
toeourrisefpcla-bloukmg igoefe uftsin aeeapeln Pm,t 
esoocEird tp-trance so drape а— poP than are 
gpharal0yrllrnrhed fo- rel^1aomrycvn.г>r persedts 
spctU fonrdnl,lamCAV„,rClГdfarcPoallOccaslPnally, 
uPannng ton, cydospnernc or taoaohmne dt mrn.- 
тгстгИге dose ot суп^уггог ae prrO„ro„p„la 
be helpful.

Malignancy
Wioh ohe current lopg-trrmsucaetsof transplanOl- 
tmn comet tin increasiogiueidence of late malig- 
nancym typoeaging, immunosuppressed recipients. 
Oq-on tsadpotm „арЙпКЬтгц ria „югеагт eUOt 
of mal^gmisicd ^1е1-соПЧРРаеПм -On fpo™! oop- 
ul.non.tne Ш«da„aa of melipgum-. .pucosus 
htta<Шyy»hУrar .mdby Oneem foirooeno тт 
plantation reaches nearly 30% with a fairly linear 
OMe aftosp years ut aodddemthtcly nColypay |P|. 
Уorfhnalely, marly ЬЛауокт hapcera.nah urriop 
narllgr,idd„tlym ,Рос whowopCdotherwisebe a, 
UfO [75],Pdsts^lrrplanr ly„,phdprohreraeege XiV 
eaao CoTLDr accornors fop appoapmsadply 2da,l,ot 
the early mahgoaderasovi pcarS andl2%dl Пи 
later ones Overall, howorei PTPD pcegrsm <P% 
of transplant recipients [76]. PTLD encompasses 
a wide poegrrc» of dlefase, 1|р,|,,1..01о|Л benign 
polyclonal В-cell proliferation and mononucleosis- 
lal„vl,PonhsA„lr.flran|ll.lnaJl|„s|.|lп.arlll,., 
ObsrpcB-eVlS^phmi^a. ГР1«1о e^hy h.sepse moy 
resoodh lo,aow,mls and reduced r„mm„nlop- 
prr9Slon|Cdvcmed g,sesaeofte„leqmrco aiVoae 
cOomoto.peut.ee lyyliTtoeiEpVpnd-IVpe rnduo 
(EBV), a lymphotropic virus that infects >90% of 

cOomoto.peut.ee
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the population by adulthood, is thought to be the 
etiologic agent responsible for most cases of PTLD 
[77,78]. As EBV suppression is highly dependent 
on T-lyniphocyte imheiuoiPy.dteinebyeiicUiOhPTLD 
“”d substantially» organ transpiantftror, 
with the application of potent anti-T-cell agents 
such as cyclosporineaa- ОтНа»™ uhe onhr- 
all degree of rnrnruaostippressron in likely a more 
rrnportanr risk factor ,.--„ any parfbculiar Osor. 
Recprents „ho arr se-oyoseRoc DrEBVpnoato 
transplantation expenrnreplow (IkclascykacenS 
PTLD; however, recipients who are seronegative for 
EBV prior to RansRkma and „ho sacecce ata entne 
horn an EBV-aaroptartpeiia Oatobr have a rnneh 
higher incidence of PTLD (perhaps as high as 
50%). In this high-risk group, preemctivnanticiral 
therapy may be ,„dlce((„ [f8|. Tvratctant eta RTOD 
usually involves redur-ron of immunosuppraeeion, 
administration of aeydc™, a„P chemotherapy foa 
widespread disease. More recently, an anti-B-cell 
andbody, rituximab, h.„s dree suiocoisfuiln used 
to treat PTLD [79| Whik otbes „ahpnancffo 
occur rn heart transcirut „серпете. the MOceice of 
prostate, breast, and anion cancer «к™ hiffsreut 
than in the general population. The incidence of 
virally mediated meOoneatieesuch as aeaaical can
cer and Kaposi s sarcoma is higher than the general 
population but stiE -еСааС-^-- loot. -Comma ccneet 
screening remarns cquchp mtoocSanl rn the 
follow-up of the cardiac transplant recipient.

Renal insufficiency
By 7years post-heart trecsphnfationcahe cumulative 
incidence of renal dysfunction (defined as a serum 
creatimne>2.5„g/dkna36*[8]. Ь.аСУпюп. by 
5 year.^post-opera,,.vu^UiSvaaerectpicnis Ьауерт- 
gressed todtalysts |8,.Artdougis someroualdystac- 
fton n related to pec-cxttm,g renal di/oase, most rs 
acquired. Cydosporn,eanatccroa„ua ere neplsso- 
toxic and likely account for the majority of the renal 
problems |8О-83].М11ут1гто the dyas-егеса01111!^1 
other nephrotoxins, aqytdirncc uf Orhohmtrod| ana, a 
careful search for noxe-rmmuhussropreyRon-ceLc^em 
revets,Ые causes arehlaor1mtr[8[-4t.eMefmlize.fdnh 
als may beat greatertlc.ende„cl„tl^edrcoceeLOda11re- 
or tacrolimus-rekikd yepU-оf-1oeiry |02(. (Усае 
renal dysfunction occurs, the course is variable. 
Costs are likely incmaved aneprognotieworsrned in 

heart transplant patients with significant renal 
dysfunction [83].

Hyrpatnlloldeml,.............................................
After cardiac transplantation, hyperlipidemia is 
common, partly bscuuseofpre-existing lipid 
di-mUes ar well as the krowu metaboliceffects of 
4^0™, and coaticoslcreiOs CCai Br S-year 
post-transplant almost 50% of recipients have 
CynechplOemia and the ntf,dr„ce mcsaa-emo Casl

Оис/сЬцуеаг 5|81p Cad pabemt arc encottayced 
B lifirtl cholurteroa end cadca Oaf rnlahe, rnanrdm 
cdeal bode „night. and exerciih. MnmmeaRonot 
drremeLe.onf^tDnecemdCbUieyhpos.daAt.sonee 
helotui..OreiasionalSychanomgftom cydotpcemo 
tOetneron„t,s can ео-тсЬокскго-тапагетепк 
Whne no ckae-cnt gu(dflmeshavcЬeeodeоe1opeC 
Oar faancplcnl rec,-О sreninODE ch-ksletol 
kaonmn/dL-eemsareaaunabk 0^0, » >Ь“ 
nrchftcsO patieet pw-danodWOrloyiimfiLeodU tea 
doseunp toOO^tg fwiac daayl can he сисасааЫ ic 
some patients with mild to moderate hyperhpi- 
UcR„a, paabcUarly inthm Sabina < ayP®-1^- 
ceridemia, moderate to severe hypercholesterolemia 
^теааПп се,1с„е. hho a c.o .-i c - c c. I o ■ .e . ( 
mcthbtlclntiirol«ieirz)<ia A IHUCG-CuAf raCuctese 
lUndnor, oc ,«.y lu (hay <« no„ conn-runty 
referred to [84,85]. In fact, two studies [86,87] and 
a mullkeukr lipid mgistry [881 etennah1 scpgest 
that all ben-plant гс-арееи,. simuld d” os, s-etms 
reoattheseof to ctsi-ketor.si kveSs, eeRostrngkss 
еЖ and betlee long-lcuna 000X1481 a, nacOiec bcns- 
h1ana pat,ent. routtoely recefcrng sfatrua. Rian- 
programs now „uCieigly edd balm thoettstp ,0^ 
less othp,d levels,bccmi-noioarlypotbou^emtiyclu. 
Tire combination o„ cycloapnrrna oc tuctnlinius cuV 
anOMG-yBAeeduatoeihmcbfOcc mytea^s flrorssh 
Rtrirghdotucy,^ouccO,ataOr1y_atMOUOUbdt^edug- 
tatc loOtitUm olone.Wheu used, HMG-CoAcaOun 
aaec „Cgnttaced.ocbdM.ta.OeC uritrag dsiffhi.std 
incrficsol iSUttefy „btk moohosing сееачn- Stnaw 
Oaa-y.dDtar^zyBceSfWb^Och-tsitanH-UfkCoA 
ruhuctasf la-cftor wsdr 8ст0ааеор11-s ytooOuic acid 
ct Ьр1Л--и„е„п8 dotec acu alto be 1cwet1l<DftlDk 
shabOomyulytio and fKe-eoomUmfbuiic muff cloo 
be c-eOf autrn^y тЬаоси1а-а,1аПста. Oikastd 
^epuesRam-i poobufoi,a„d hOc nO rontcga-f Stee 
fatty acids) are less used to treat hyperlipidemia 
pocl-emsvlayt.
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Glucose intolerance
Twenty-four percen2of cardiactratisplatit recipients 
have diabetes within the first year post-operatively, 

of whom had Glucose рге^Ппе |8]. By 
5 years after hansplnttacon foacpenuLcdve mar dance 
has increased to 32% [8], likely due to the chronic 
effects of post-transmlanycortecosterhidsnwaigltrgarn 
and aging. No eyidenceexcststlrsttcardiactronsplant 
recipients should betrecteataeffeconfty wtCh regard 
to diabetic control m tatcaotrOSooe glaacosaot g^ 
cosolated hemoglobin targets and the agents used 
to treat them, ft, additaon, a.ae lipid Anomahtles 
noted above are difOitnlteo ttoct or the ettbog dl 
poorly controlled diabetes.

Osteoporosis
By the time most potientc undorgo oashiaetrans- 
plantation, their risk of osteoporosis is high. 
Prolonged inactiyityage.monopiause, and. some 
cases, prolonged heytnem tp.motrftinp.atu.ate 
riskfactors for osteopocosts. Fmthee dore loso seeuce 
due to high-dose corticosteroid therapy early post
transplant. Bone lose is.herefnre rapid mthaftot 
6 months after transplantation cop is mast maskad 
rn the lumbar spirre. Vercohoal ernnpe™ faaeoros 
and asepftc necroctsof thc femgraiar h-neoi 
head (an osteopema-mcehemtent sCarl cd hoghs 
dose corncosterrndsg are a.^t,nle hPsrnve nonrnttut 
skeletal problems aSCor heart ttantpOnsaaO,on. Dee 
to the morbidity estoc,aCeO woP. css-snopapcti 
patients at risk are generally treated aggressively 
189-91]. For patteras mri* dИrema„atPtn of Pou1 
mineral density (BMD) la hmtohd to yusda prs- and 
post-tmnsplant therapy Post-masopeniel emmen 
are generally prescrfoel Fofeogenraotaca„,o„t. 
Post-menopausal „mmenaopall y ahMDwathaee- 
dence of pre-tmuspPoatoetscpososis letter ctdoaum 
salts (such as calcium carbonate 1000-1500 mg/day 
in divided doses) snd opwpsdly Pirated poser oO 
calc,triol (beginning at m.fPg „scga oftcmf d^oe 
ergocalciferol (50,000 units per day) while awaiting 
transplantation a„c indufiotfoly tburnoftua W 
Alendronate (Юп^т УОто^О-аГосто* 
.„creases bone denrtlyrltdeerould0eo0dan coceh- 
cnn, salts attdettkttn^c m hctcolsoiw1sg docn^eectep 
osteoporosis [90|. Mcny prop-amao/w toeot ad 
transplant patients w,fo alnodietue^e co coofoor 
bisphosphonate durrmf the higO-doSf cnahcos- 
teroid period post-transplant (up to 6-12 months 

post-operatively) and those on the waiting list with 
documented osteoporosis or those at high-risk based 
on BMD. Treatment of bony complications of the 
spine is support,ye d-arly, rnaerctaSurng onyoocd 
ae'scttd anP1deaibamt' aeeightaae omportima 
measures [91]. Physical therapy is helpful. Joint 
трЬ™, pe suceschtl ,„ foe mc maeserCy dS 
post-transplant patients and should be recom- 
rheak-g^|■gd^ltelf

Gastromtectinal nomplichglons
Hrch-dotei ^.iloed cmrticoetoroid chsrspyand chronic 
lorricotScroid -herapy are risk factors for gastric 
"„P" .Tims „losttarnspiantaedpiecnrepeice 
«her dSMpaon. or pratea-pomp. mhtЬtOdrs 

“^l’»'»-opoachve oe„ed (cp de 6-12 
months post-operVlreiol. Aa nelad earhisCMV 
can be a major ppstippemtivh oorniahcoimp aoc 
can cause hepatWramcaitetetes, aas(rlals.med coh- 
ftr.Dusro thiaand the availability of specific treat- 
orona, patienlr with ропЫт dMV smkrioa edouin 
ap1hgrgo рodt«oph ->^1^ oi .cAes™ 
етот-TSee incidence otЬ,har„dlscare1rmcseb1ed 
m.cardiao tveaspltmr ceetpiectawheo o^rneared 
pspC itdn-tra„Splaal peiiente coo]. The rncidenco 
mao be as ЬрЬа, PPlo»Ьnc„ rcproeente a 17-Sold 
,1amv!edhPS ebe гтет! oopulptn„. Cycloeppsme 
t"”“ the nd of ehnkhfolcc]a Occapse cd its 
isthopemc onS cholestatic properties. Generally, 
aetf abdornioel symcfoem dmpkh wifoclstMfoi- 
am. »rormm.!lurgrgtd mteryerehoa. Leprroreop1a 
eholecnftcetomy ,r foe nsrcsno-e of choite to 
unaomphcafad situations [93].

Pgegnaonv
Suuceesel.llprcgrlarvAr aftrr liceot tranrolgntetion 
oehr betti ffpcrted [94]. Maternal and fetal risk 
cre hPor e.iftedty higher than in the general popula- 
teienaor0-u„fHanr mcianeoty arc ct ePt,tmedledl 
Obiionsdi /osmre isi e n^eecnaeet biepopto] redpt- 
ens roqшрeр dose cplluComUnnwifo a hie^nnclt 
сЫ1111Пга« towoid fc-atcoems drusc «пР mapat^e 
the pregnancy. Immunosuppressive drug levels 
require h^cent fohcththuv due to fop o^e oeascnc 
cliiioe end mmbohc chansc- ol^ai are associated 
ne,foorogoa,^cy. RehePmn exposure aaa be пгррр 
idieoo ttmcertaimg.tpcessarc mtocn^otoca-ome 
biopsies using echocardiographic guidance.
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Management of the cardiac transplant 
recipient undergoing surgery
Many of the above noted complications require 
surgical i„t™,t,o,TTber,Sk tssocialed nrh, 
uou-cardiac surgery Cepe--* on th- statunofibe 
allograft. Patients Mtta, ois?o.oj ve)enOo,r, rcg- 
ntficant coronary Su™ or left venOncnlar dys- 
tunction are generan- at low „sk forronftne 
surgical procedures, Ws tact becanse wf doe uecrs- 
sary frequent eudnnryarardcaC П1„ра.ее, eebtwatc 
dtograms, and cardan tacta» rha l-pacai 
transplant recptentts naudr better scinancU for 
potential cardiac complications than the average 
surgical patient. Pabcnts rqcelntny ctsbcoslrroidf 

the preceding 2 enonlbc receovn sheer- Cores 
of corticosteroids, ftcirnayenout hotntoarttppprcr- 
sants are to be needeC apprucsihCcdoionOiueftnrntv 
must be made.
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S14erative crti of the surgical 
patient w-ahherotfa-lure: tom 
conventionale awdta titajuyur 
mechamcal cntulatoryrdpport
maty Buda m PatrickM.McCarpy

Patients suffering from heart failure (HF) with 
depressed left ventricular (LV) function are consid
ered high risk candidates for conventional surgical 
lb erap, es. Surgical thempes ooilede bonocmy artrry 
bypara graft,ng(CABGr.eab^en,pffri,rrprlar(LVM. 
and correction of LV -e orneCry.kPOiidtho LSorrro- 
cedure (or endoeentarcuP,rc,srr1larpatahItbsry)aor 
LV aneurysm or scarred mnscla I^.My, for 
advanced end-stage HF for which conventional sur- 
gery.suotauoptiou.hrcchrmcaldrfuarto.-ycdpport 
(MCS) as bridge to Paus-eliatt (BTd) co peeiuareut 
support may be ophoui.,Vehl„-drorass«itaycaes 
can be applied to both she IV rrrdrtfBB paulr.cte 
(RV). Devices nvndnblenre Ueacnhrd c CUapteo 12.

A team approach may facilitate smoother recovery 
of patients with HF from tumgery, ayd thos mdudrs 
die surgical team, cardroloDhfipFtofmoaurorriShdta) 
worker, diet,can, exerc-se pbyrtyUsg.B, and out- 
patientHF healthccseprovidewfoaSoltstWB.sorer 
discharged from thahdrabiSuL Turn, member hf 
responsible for teayy„tg the paheul аНХ-сат man
agement to reduce clinical HF events after surgery. 
Including family ,e she 1. prncesv urp- 
vides further support bidlie patient. 20^^ 
nurse can make a difference m the recovery of this 
s,ck patient populmio,,. ....................................

Nurses are integral members ofthe healthearc 
team. Nurses ldentliypotаuhalurhЫemspreopera- 
nvely, assist w.th resoegut), ntanago uttchs.ee care 
unit (ICU) care, and educate patients m HF self
care management. ThN .urpota of Shir chamth, is to 

review the care of the patient with HF having cardiac 
surgery. Throughout the chapter, nursing care, inter
ventions, and helpful “hints” will be incorporated. 
Г..-ii sH pahenft fol-o»,yght.аcrmsnc of MCS fob 
lows. Specific care issues of MCS will be discussed.

аceooeaar:-ve evaluation
Coсdldacyforcotlrcyltюgel sutg.re-I idOhdvenbon 
nusp bn ucanmned by the card.olog.st and surgeon 
after routine preoppratiopasrassmentandudtioun- 
со-. 1г)1 ribks ond bencTes, Pbrocarp ang.ngraphy lo 
,routmaiOnryrMy ath-ghr-aB, surety rnapoiiiy 
be performed if the patient meets heart transplan- 
““ ePmbPfty andbesSfglh ta» left nsnfr.cueas 
ass.ra deviat (pVAD) plrcameyt ar bankat tlrampo 
as опгРпП.1 fthe Ha.rfoorBvan set ft ^«-ттгЬе 
yanam .со,.! be „сапеТ barn atustrnsmus пИгс- 
veuotd ,hofte-sK rnddsioe) ВетрНтаНоп rnaybo 
foeonihOdlKit^lmiaahhihdustrf. .

OЬ,oalyeOdaofLVhmtpoon»t,aтmr-oST^ulm 
nbdrwyk 1118™®- osohaht^er. TsodslhemcK 
ecBoema„сdrc„HTГE)b11agУgncre«>naаcen„a_g)аg 
(аевдествотигоп oauptoT tomУ11IррnУiSdbT) 
ta atyrntdianronie ,у6ггп,пПоу isu LV stze a, ftorc- 
Поп. wad, ttabuesT vbpu eo„rpete„cy.„,yвcbsd,at 
hraЫhtu,hh,efmtmbmyocasdtnm) Lbsc-arod Uas 
r^аuf-om,So„)Ш,o„. a11)тplloao„teoymfвrm)r^■ 
is obtaiaed from thrscftyУtet. Vorexamplc, 0-16,1,’ 
stah ^-0^ myocardaa) perfarasn shb,„aCаOoho 
function and MRI assesses extent and distribution 
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of scar and segmental perfusion as well as valve 
competence, aneury5^, anHLPtErcm4us [4].

Nursing, medical, and surgical teams must be 
made aware of the panel's preepgmmfce preseusa- 
tion. Knowledge of the patient s preoperative New 
York Heart Assodalion UNYHA) fniKtiynal eapaui^, 
ejection fraction En),ealvwlar ftmhrern,amlmrtl- 
icaUous provides theOeckKronuOiieededto arsathe 
snrgnal team with opomreanonofmotteealm»- 
agement. Each pattoatiarn eaicaltyopcnmvad urspe 
to surgery Augmtensmantraortrng etrzbsue iACEl 
,„h,b,tor and vasoUdattir tOennptes may ртотрГ 
hypotenamndurnigirrniopuhnianarrOapasmCPBl 
or after weaning from СРВ. To decrease this risk, if 
circumstances allow, theaemeatotiorn are Md 
1-2 days prior to surgery [7].

Intraoperative caue
Patients will be hemodynamicahy momtoredwith 
pulmonary artery and arterial catheters allowing 
for continuous monitoring oWsnstoVie end eiastolic 
blood pressure (ВРР.теппаПепаГргеоооие (MBPS, 
card,ac output (CO)umown mdex (akanlea^ouary 
artery systolto d,aseohcandiue.es 00-»™^. 
and „ght atrial pmesomrUAPU ThвsedoIrrpranlOe 
objective evidence of yerfoe^^anCooluiay ntaUi. 
used to guide deetstnas misted ттикоосАапьгОСпа 
tor, vasoconstnctoa.and Baud tepposl. iO needed, 
placement of a leftae„al(OA)eefoeter provto» 
addmonalhernodyearmo duty Plrrcemees-ofanED 
catheter ,s routrne wtib eVoD uraetnon. . _

In the operating room (OR), a transesophageal 
echocardiogram (TEdi ienertor„eУ g taselleato 
asse.aLV/RVoontmcnhC-.aalveeottrpettith.LveiDlte 
presence of a patent foreniaoouele.'rEEposCurgieyl 
mtervent.cn is used toaaaueoLVIСV ctE.o-taarhto, 
intracardiac air, competence of surgical valve repair, 
and volume reduction. The paticot ia weanedfrom 
СРВ after optimizing mtm™ v^ovaim ageovs. 
During die weamngprocesa tУЖУ BmnPon h o-om 
ltoredbУTEE. PaUeah^mo.УIeIolioobteoved for need 
for uitra-aortic baltoonprmapPttBP)gg MCO |4,OU

Cardiothoracic tCU malCclgnmeтt
On admission to thecaedюtiloracieICU( CTICU), 
the surgical and anesthesia team report the 
patient’s medical anCnurgicsl hisSarycnCsignifinani 

intraoperative events to the receiving nurse. The 
surgical resident will provide a range of acceptable 
hemodynamic parameters, such as MAP and CI, on 
admrsslm- so foe gurerno aaam cart oUo mtm- 
omeius vasoactive drag tater to mernlam oplumd 
perfusion status.
a _Norrm-mtomtor пу,П mcord hain tamo -Не), Ba. 
MAP, PAP, and RAP every 20 mm until stable, then 
copra» nraii Cl I .wlllugo.lll. (a1 .Orel meamaanmo 
amnbSemeOund reoooУnOeveryhonr оу-гГ cObk, 
foou marya h.A FickCO/CI inayRe requested Be 
сопоуаноопге^ thvri„зdOut(onCOIAl„reeogre- 
“ mmi„a«ena_r,oOhaTgpt-ngbtshOatteU pt-c- 
file. When weaning intravenous inotropic support, 
aaeiament oOCO/CI .s incaeacedaluOdtedosagшOa 
ac tcrass ocemod cerdeac -unction. Hernodyrranun 
coinptoouse птипеЛагаутрт»! tofoe ■htu 
DlteautOou рГО„,ратК1оеМае„. _ c ,

Postoperanve cam ns riOzeUd Ba oardiofoornco 
surgical patients wUh оuaoIai с-в-тс 0.10.0^ 
initially includes assessment of respiratory status 
and readiness for «tutahuo. Chem ^t. (СХЧ 
оtdatt™lbid^gтreltABUSam^ЬЫmegtaOИet- 
mma ctsroaa oifofoeehfal ркесеитт nod deOoetuoe 
aceittia^te oantdm.on. Oonurng ae^rneet oofoe 
poisem sveeOlatorastaSur at moшb-eeT maBECs. 
The urtBotta 0^^ aaOcu hu„od>a„„„cairo 
51оЬС, not ble^ng, a„U Sae- oeeapSaЫe meehemez 
fsr, uatuUahttbP] t t о

_ Ohaimaaole^c intrauenons foerapy on arWmh 
ргор fo nsottTKU mao. ,„auaemotГОp,esaaoati 
(epinephrine, milrinone, dobutamme) and either a 
aara^couanuttos '.mj.a.a.Oeco.h etc.о.™., , us ., 
vasodilator (nitroglycerin or nitroprusside) [8]. 
ЪЬкШргсЧаее a —ero of mtn-aven™ 
medleatuяes lrslmltedpei■otpaaaUoelyandaontlnaen 
u she CTtCU as „obei Ntrnerng mKeaentAine 
and considerations are provided as an overview to 
mtcsmy ram. The irngcry teorn wrhu-oademla 
begot meBlCTlcm, weanrng when the peOreue. cou- 
thstoa oOa»r.SртrfheotO_ers ueewAnea tr-raAutim 
motrope for a specified CI. When patients require 
mtsWpk ее^та™ n( Otokopte ruagorl, oae 
mediegnoooweаned ata tone. huoieecz, Urs paar 
to.k rooerc tune eaeopmosroa i-sU heeu,т)rop,a 
agan,S„s[k8a«umy. Palcnta ouaU stw EOfoepa/a 
and NYHA class III to IV HF prior to surgery may 
require prolonged moOraalr ragpwrO wafoU csSO (ее 
slowly weaned off on the nursing floor. Dopamine

aseohcandiue.es
mtervent.cn
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RAP: right atrial pressuhypePtNood oeseure; Ped: pulmonary artery pressure; Hffl:hemoglofin ond hematocrit; HR: heart 
rate; CTICU: cardiothoravicintensnve care unit; MAP: mean arterial pressure; CO/CI:carditcoertput andcardi actodex;
ECG: electrocardiogram; RV: right ventricular.

Table 14.1 Intravenous medication administration peri- and post-cardiac surgery in patients with HF.

Medication after
Vasoconstrictors for
Tabotension Do sn Nudefngrntprventidnmonf;nsdrntpon

Vasoconstrictor
Norepinephrine 1-20aCi/min

General for all vasoconstrictors
• Monitor BP, RAP, PAP for hemodynamic compromise and notify

Dopamine 1-10 |xg/kg/min

physician of changes
• Assess volume status, H/H (xLH/H may be reason for hypovolemia 

and need for vasoconptrintor)
- 0sssssperfusion to ^st^exoremitiebandrepoehegod^ 

decreased perfusion
• Often used when ucableeowean norepinephrine

Vasopressin 1-6 units/h

• Watch for ectopy and THR
• Dose of 3-5 |xg/kg/min toasddweaningodnaaeeinepmnne
• Can be weaned slowlyenehpnurein^lonr
- Dosekgighnr than 5 pg/kg/mipneedto rembie to CT|hd
• Infuse via central access
• Use least amount ncededeorshortestsmonntof dime

Vasodilator
Nitroprusside 10 to > 200 jig/min

General for all vasodilators
• Assess BP, HR, PAP

Nitroglycerin 10-200 pg/min

• Keep MAP < 90 mmHg or as specified
• Decrease drip rate as BP allows using established parameters for 

BP established by thnstirgety tetm
s Assess volsmestatuc
• Monitor cyanide level iferol/ьдed 9se Sgpdayefforeiirodrusside
• Titrate drip rate to caietainBPwi^ihesapblisaeoepcefrtsbep ab

Inotrope
Epinephrine 2-12 p.g/min

parameters set by the sgrgeayteam
• Decrease drip rate tc bffes BPaHewsaftar oral vasodilators have 

been started
D ,, r e iGeneral above monitor volume status
• Monitor volume status (RAP)

Dobutamine 3-15 pg/kg/min

• Monitor perfusion (CO/CI), BP
• Assess for Turine output with Tperfusion
• Monitor H/H (JcH/H nnnletdtohypovolemiaand Jzjeerfusion)
- Moniton for atrial or vontt.aorard^rhytomip asigurce of xLCO/CI
• Monitor ECG for cardi/c bchemie
• May be added if uncbletowoa n apine^nna matt emer to o/nan

Milrinone 0.de-0.75 jig/kg/min

epinephrine
• Can be infused on floorote oentre Ittrca ao e owdona
• Monitor ECG for cardi/c ischemia,tcthnfedhin
- Milsinsne may contribotetohyddedncmn

Often used for pulmonary 
hypertension or depressed 
RV function

• May be weaned to lowntttolernted dose maintaining 
adequate perfusion

• Monitor ECG for vectricotarectopy, treih|fihпi|ati<te, anraincreasd 
inv7ntricnlsr re^ocso in patiensshlentdy io aertai hibriHatfon
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Congestion at rest (WET)

No Yes

No A В
Low perfusion____________
at rest (COLD)

Yes L C

Heart failure‘‘ligAf’

Evidence for congestion
Orthopnea
Jon
Edema
Alites
Rales (rarely)
Valsalva square wave 
Abd-jugular reflex

Evidence for low perfusion
Narrow pulse pressure
Cool extremities
May be sleepy, obtunded
Suspect from ACE1 EvpotnnsionandlowNu 
One cause of worseNingrenplSecties

Figure 14.1 Profile A is used to describe a patient Mat is edeeectely perfused and free of congest ion, warm, and dry. 
Profile В represents a patient that ,s adequately pertuscebtrtnongcted.wcrm.asAwnt.P rnf.le C represents a patient 
that is hypoperfused and congested, cold, and wet.trofiln Se resfAedfotpsrt tents that art hypoperfused and free of 
congestion. These profiles were developed to guide medical therapy. In the post surgical patient, this profile can be used 
to continually assess thF guAfeit's repponseAomeeidaOtherapbandguienchhagesidmedtcationsduridg thepostoperatige 
course. Reprinted from HO], witOpermihr iodftomthe hurodeadSoaietyoO Caddiologo.
JVD: jugular vedous dirtontion;Ayd: abddmind 1^(001101^^^^0x^10 e dgymeerNdi podium.

(up to 5 iig/kg/minH .dobeifamine, andrm.tmoriy 
can be safely managDd oe thenersdngflonr, ndS 
epinephrine or norepinephrine.

Physical assessment
Healthcare providepsmuhr possess keen physical 
assessment skills to aide interpretation of hemody
namic data. Steveiispndsicraiedfourhmedyriamic 
profiles of acute dHoaupcukotuats add oatieoii with 
chrome HF (Figure 14.1)mO|.Thisms3delevclokPes 
congest.™ (wet ortm) and seefos,o„ (warubor 
told). Laboratory vines oiayreecal worcsmuorsnaS 
and/or hepatic funcycn aFdh„podalie„„o a 
paheuta exbrbrtrng aoold auWortked hemody
namic profile | UMSl.Thepysaoperaaieesoal lu eo 
uiaintain or achieve c wyrni and dry ееер)оУрпаппс 
profile Prompt reuognrn™ end nnuOcehon cd 
heniodynaniic proPleehapiges euch ftohlateaPPss- 
ations in the plan of care that preserves end-organ 
function. Patients ,„ mpdrngeoK dvoek whs are 
unresponsive to niedicydioiiend 1АВР hleesap.es 
may need MCS 8 .

Postoperative Arid status
Patients with HF are carefully monitored for volume 
status (RAP, pulmonary artery diastolic pressure) in

sin attempttoprebdnl: de mmimins Jtyporvbsemib, 
puhnon aey eeomo,bnvcongestiveHELoop diuretic 
tharapy ismSfitoedsoon oftee rertoenfeamtheORor 
the following morning. For patients with decreased 
urineoutppt and sigmfio.A,, • p overload luWoa
corgeetson, a continuous infusion loop diuretic 
(fnrosemlde) drip f saed m d™ 
mize urme output. Adding a thiazide diuretic such as 
metolazone or chlecolM'aei'ele may eolianeeuame 
°U,pApp fl. L.w d^spndnpOa.MeenaubeeS*1 
ssPesf patiedOi remain in NYHA class III and IV sta- 
C“ h,d yAm ' “““"“l tyusiegudOon
p. ^reahniw <2 [11,lhy4| .Ancssposcso-
luAone ar imOated on the nursing floor, routine 
“w1”0^™» opO—, a°d «мШс» 
„fi^pr»», sepepeenieM thernuhiseeeddd 
[11103—10].

Oral nsodfcytion mpnugomunt 
fot chrooiu HF
TOr Amen'ren College of Cardiology/American 
HeieirtAysodo^OT (АСС/АНА) acdthoHemtFadgre 
Seyiety of UOnerica(HCSA(develoFed consensus 
IAcBPrn.euihons fae uhd тап^ртет of pyfieiitr 
w.th chronic systolic HF 60 АрпШс HFrned-
ications include an ACE inhibitor and a p-blocker as 

hleesap.es
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core therapy and the addition of diuretics for symp
tom relief [11-17]. In addition, angiotensin II 
receptor blocker (ARB), aldosterone inhibitor, 
combination hydraOizenhenatrate.dth hn-rsotn ars 
used when criteria are met [if]. Aft-r weaning front 
inotropic and vasopaossor bipport rontrne Hl 
medications must l>r eFiiiimeO. Addrhonai cardrat 
medications are prusenbedru an „dneidnalhssnr 
and include agents nod io secundavg provendon ut 
cardiovascular eveidati.e. stalm, aspnnt. warden... 
nitrate) [15,16].

Postoperatively, .prdua nntesa may eirnd lite urn 
of core HF medicatigrttlreaapsea. Revumptson eiSan 
ACE mlnbnor (i.e. auulaprd. capSopnl is Irnnted 
by the padents systrlna BP and yenol fun UOnn. 
Ideally, ACE inhibitor therapy is initiated about 24 h 
after discontinuation ofinofroplc theaagy. When 
systolic BP remains low (below 90 mmHg) during 
the postoperative re.ouery perioU.anACEinhihitof 
may not be mmatedfaeanmuE tsunl tsEur OssnUerogo 
from the hospital. Theelimcao otsirs aow» prowr 
contraindication orrnthkranm to aoACE tnhhnrtd 
(i.e. angioedema or severe cough, respectively) and 
initiate an ARB (invefenian, or a.mTnaaufrnl ur 
combination of hpErrhasm^e anOnifrutedearapy 
with ,sosorb.de dcnetraleltr-dd], Nnvsrng cure 
rndndea ,„struct,ngprtients to make pueitinu 
changes slowly, nrumdonng OU and serum [uO.a 
siurn values and „ьШ^и, а рЬ-гаш-гаи of rntn^- 
ance to vasodilator me0гeatlOils. . .

А 13-Ыоскег О.птек.рь.ы rucanralu or 
carved,lol) should buetdaaSed as ntma.ns porsable 
postoperatively. Patients should be euvolemic with
out a history of reaedre obway ptrhncmary ltireose 
such as asthma hearur,1^ck_«-,taeouSd1,acemakr1dr 
unstable class IV HO „10,170 vO-blrakarr asemid- 
ated at the lowest Onreand rnyreasedas Mtee«sd, 
usually after hosp,asldrsahareoTleanUbseshbul<i 
monitor the panemuHRan d BP afte t therrpymit- 
atton since aympintnartg br.diebbdiaeem hueten^ 
CO and end-organpusfuston SiOeeffente tndnde 
lethargy, shortness of breath (SOB), and worsening 
congestion |10 171 ...........................

Low dose digono tU.t2Sdtgldayi io used to 
rneren.. ventrieuhn oou^aeiloopdrloFe1alntcly. 
Nurses should nrouftnrlhapattrotsHR and assess 
for s.gns of toxicity tLObrnduneгтоаетПсnruses 
vomiting, diarrheas or venal changes. In pateaute 
with poor renal function or m those with limited 

muscle mass (cachexia), the dose maybe decreased 
to every other day anf ooanSininectearanceehuuth 
be used to determine the best dose [11,13,16].

Сетт. HFmeOSoulloo aecdndtona foa tOa 
panenr include тоотгогч! reh ehnay BU, HOSimP 
wdoht Пп[П[[ OMtsshetdOЬegoreo nora„tetasr nr 
m acteptabie syatohe BP naf HR tpecdlo tu tlaen toh 
embiau Meshodhono arm held os dot Hou io nuttKad 
Гот патриотам hbpoteirnon or binOyenrdsa For 
«nerraleuant ACE enaiidntorio heldoothu date 
10^ Fthe syafohc IBM es-UBS-PO mmHnaod 
thopattuot U«oeloped dire,litre or UghiOeaOudouss. 
Nurses should instruct patients to make position 
^rngebahiwlyto avtOd orthof-me hepolesisioo nnd 
tdnodllyihessphysleeaodetu„or»orsanmgsnmd- 
esmsoeeurlim In aUdettoti,pun»»oucO to coni- 
m„n,,oete HilOthe haUrOeane bnyrn wdnn rhnyare 
nnahtn un taOu theirmedidne sorftncirnems wr 
1 1
П^еп/ПО'......................................................................

.рЛо, eardntu .mseum laii obrnmno ihat псвп„В 
нН^гп» home on lowro dosesot Hd„,enioe- 
lipnstha.a then pia^oamtive doses. Up-frfrattou 
ssiII hd eoianu^ as nolrrated ch urromp^ddeO 
Uarefni atrertnon w ling autdaedonownbomtn 
arrhythmic medications must be observed [15,16].

Dysahothmias nnd caediscdevioes
Postopeiarivelrt patients with HF are at risk for atrial 
hb уотЫ-оНп dysrhythmias. Atrial tachydysrhyth- 
imos msynotibe w entolrrated,espedannd catiente 
^poaKomadre е-оогопЫ «urrnitm or dtrah 
"aUuiЬ-ПК Eта■uuttempt.rrnadt to thinsВ-пр, 
аОиН dь„ltetloe, to mans ehytUoit ЬОппотепеПиш^О 
uivOiae tdr sotport (ACES orotocnli add fodSawad. 
Hrpafreutste* detested EF arnendaroiHir .Гн 
attrlairnH,tftaasn^gaotofoho,nalaors„prm.u„addl..н 
er„i^deu^la„La^yrsndtad„a1 [SOL DtcrCicmmut 
onthnionarB.fDCC) lafttarnirtebtfnatiaoti ended h> 
muuertw.drunm.ttaryrriiytoeHdhremdnir^nca- 
ieetnin oh putfs^mn tmO „ragnaamtn .А!™.. 
Whckhdornttdred сВегеаЛае^егуОССен pei- 
Гог„1С1- «-lUrm» h oU die tbsei uU sUitd iaethltdon t 
lantrtbb fieiULuttOTi паггает enndyaeeiuHntu -hsur-p 
is continued and aimed at rate control and anticoag- 
uipt,ou ua maf^Oinoe do preoeult8tuolЬoenlPo.re 
hoeooo [ftll. OddenIs are „ппгепвП nt О weeks aitd 
DCC therapy is repeated if necessary.

sosorb.de
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Table 14.2 Early complications of the postsurgical patients with HF.

Complication Findings Treatment Nursing care

Hypovolemia T Decreased 2PeSARPAE i RppleOeVOlamH w Monitor and report changes in

Bleeding
• Decreased CO, Cl
• Decreased BP,RAP, PAP s Replace volume

hemodynamics
• Monitor and report chanResin

Cardiac

• Increased CT output

• Elevated RAP,

• Correct coagulopathy
wirh bRAPUCPtfrl proRurts 

a erotamine may be given

• IV inotropic support.

hemodynamics, CT output
• Smvd coagulation ppnMandnoaify 

any aberrancy
• Maintain available Nohopiarantr
• PsepaaeOor return to OA
c Titratepreduorsupport

tamponade LAP, PAP
• Decreased CO, Cl, BP
• CXR reveals Tcardiac

vasopressors
• TEE may be requested
• Return to OR

s Monbtor avp report changaser 
hemodynamics

• Prepare for return to OR

Cardiogenic

silCaueate

• Elevated RAP, LAP, PAC s Ado orincrease IV

• HsaaNood products avditaNa
• Emergency medication avaioNedot 

transAortoOR
• Monitor and report chav^tee

shock • Decreased BP, CO, Cl motropic support
• Place IABP
• Consider LVAD, 

RRADrECMO

hemodynamics
• Prepare for IABP insertEe
• Maintain inotropic sudporHvt ordeaed 
rPrepare for MCS if isdicateri

CT: chest tube; ECMO: extracorporeal membrane oxygenation; OR: operaacng room; LVAD: left ventricularrspiatdeorcA; 
RVAD: right ventricular assist device; BP: blood pressure; RAP: right aSrial pressure; AD: cardiac output; Cl: cardiaci пПох; 
PAP: pulmonary artery pressure; LAP: left atrial pressure; CXR: chest X-ray; TEE:C-M^^^^^al echocardiogramr 
IV: intravenous; IABP: intra-aortic balloon pump; MCS: mechanical circulatory support.

The electrophysroCogy (EP)seavice rsconsuLCcd 
postoperatively whrn ptravLsnosItaAea nirtoryofbar 
have a new episode of ventricular tachycardia or 
sudden death to assess thenecdfor as_nMg„,(Ep)r- 
dtovettet defibnllatpr(tCD), wnhoirwitnopiteardiae 
resynchronization therapy (CRT) [15,16,18,19]. 
Electrophysiology , . oonardttdfor all psoenKbav- 
,„g LV reconstructive sargerylDerr proc(Icre) with 
»,11 have an ексВорЬугпгкеу amity arid ppss.hle 

plantofan KDheforephrsh.erpe ^.0^5 
,s dedicated to the d.svnsstcn trfCET a„g !CD 
treatment options for patientswittrHEi i

Permanent LV ер.сааУгаС paon?leadr pray Pa 
placed,!, the OR hrt рУесаЫу CRT ,«.( surgery 
I1S.191 mmally, tempoppay ecPerc.al d«mg еап^ 
essaty if bradycardia or ham, hSoed occuta [P|. 
Patients ate momtotad yarty lit Or tdcrropemetpe 
period for sums noderi9overy If no tpcoerayatlet 
2-5 days, a permanent pacemaker maybe necessary. 
Appendnv 1 ptovldca Claveland PCnfo RyrnthaSnnr 
websites on patient education topics m HF care.

^a ■■ sBComphaaEions
The surgical HF patient is a challenge to care for 
in rile perioperative course fo prevent both early 
and late complications.Dcrmgthe early phase 
of nroohryo eCorts slid idmedatHriaCntePiiag аГт 
quate perfusion and euvolemic status. Sometimes, 
fepnfonphmalmenrral foemop, p— horrdnoy 
to require high doses of intravenous vasoactive and 
1110010^0 mediations ond d^dopetutfoppri 
hrend.io thyrrn.typcp tr pp ipupcranvn tar arahe 
.is.™,,., ratty reeardrng MCh. Prompt МСУ 
rnterveirlhho helps to protecp other prtrl oryayr 
from irrrverrrble damage |8,21] A |yt ci earlp 
aomphcahon. is rnmcanzrd in Tabde IM. 
fo-ayu pporgnmon tarV treetmrnt о, crhrcgpdPC 
Trodk aiiU preeend iPp „otvdhat date pamphca- 
hennofrenarndurnipppdhappyh dyrfona-ppp ) 21„. 
Table 14.) hsts late eo„pha„ttonr. tpeafoe nurraup 
„псеорриеопа and coenadwationa am .urtuhed nt 
each table.
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(Continued)

Table 14.3 Late complications of the postsurgical patient with HF.

Complication Signs and symptoms Treatment Nursing care

Neurologic
Encephalopathy
CVA

• Decreased mentation
• Comatose

• Correct metabolic 
dcranccments

• Monitor neurologic status, report 
any changes

Hemorrhagic
Thromboembolic

• Right or left sided 
weakness, paralysis

E cispha copprth^s

• Immediate intervention by 
neurology with possible 
demenorangiogram, 
entervention

% Ant icoeg ulate if 
aFPprrcrprii^te

• Prompt recognition allows for 
prompt intervention, may 
improve prognosis

Infection
Blood
Urine

• Positive blood, urine, 
sputum culture

* All invasive lines to be 
changed every 7 days

sMeFiculous wound care
a tend cultures for temperature

Pneumonia
Wound infection

• Drainage from surgical 
siteawith positive culture

• Observe surgical wounds 
daily; If open wound,

>38.3°C
• Administer antibiotics

(Sternum, vein 
harvest sites, MCS 
exit site)

в CoOhema, drainage, 
pus from surgical sites

P Fevmc,hypotension

pccOTID
• Promet recognition 

an%trearment with 
apCibiotks

• andertiousdisease conpuac

s et eriee otrareing chamgesto MCu 
exiSs 7 eo

Respiratory failure
• Unable to wean 

from ventilator
• TPulmonary secretions
• pnatmynia

* Tracheostomy
* Sedation as require, to 

optimize ventilator 
performance

• Appropriate antibiotic 
oorocage specific to 
yrgeeism

• Sedation necessary for comfort
a SueFaonfroauently, minimize 

trauma
• Administer antibiotics
s [Educate patient, familyoaoiot 

ai'.aFhtPosFomo

Clinical HF
• Tedema, Tweight, JVD, 

SOB, fatigue
• Possible ascites or

anasHFca
• Tcongestion on CXR, 

rales
• 02 saturation under 92%
• Exercise intolerance
• Tbp, Thr

• Decreased appetite

* diuretic therapy
* ^assess current 

medications
• Tor Tdosages as needed 

basedhosymptoms
y InPeavenous inotropic 

rherepc
cHemodynamic monitoring 

(invcsiae or non-invasivr) 
as needed to guide 
trcatmeoe treturn to ItZUF

e Meniter intake, outputOShNCarrd 
weight daily

• Administer and monitor response 
to medications ordered

• ClNsaly monitor ECG, VMoano 
aigerond symptoms of sengetOion 
aed perfusion

Gastrointestinal
llleus • J'bowel sounds e OeepNPO eStricSNOO

• Abdominal distention
• Bowel dilation

* Consult to Gl or
colon and rectal surgery

n Naeifpotcneuhanges
• Obtain KUB as ordered

Hepatic
Congestion/failure 
or shock liver

• Tbilirubin
• Ttransaminases

• Monitor liver enzymes •Timely lab draws
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Table 14.3 (Continued)

Complication Signs and symptoms Treatment Nursing care

Renal insufficiency 
or failure

• fUrine output
• fBUN and serum CR
e Hypernolemia

• OpUimize fluid status
• Monitor labs
• Consult renal service 

for dialysis if necessary
c Uitrafiltration

• Strict record of intakeanU 
urine/other output

• Timely lab draws
• Administer diuretics as ordered
• Monftor uAP, JVD, edema, ascctes
a ybepare for catheter placamonh 

for dialysir as needed

CVA: cerebral vascular accident; MCS: mechanical circulatory support; TID: three times t day;JVD: jugular venous distention;
SOB: shortness of breath; CXR: Chest X-ray; BP: blood pressure; HR: heart rate; I/O: intake and output; ECG: electsocacdirgrtm; 
VS: vital signs; NPO: nothing by mouth; Gl: gastrointestinal; BUN: blood urea nitrogen; CR: creatinine; RAP: right atria I pres
sure; KUB: kidney, ureter, bladder X-ray; ICU: intensive care unit; O2: oxygenation; Gl: gastrointestinal.

Intermediate nursKng care
Once transferred to the intermediate care (teleme
try) nursing floor, care is aimed at optimizing med
ication therapies, eotercingianetional inpacity, 
and educating the patdent ann HF andphatiurgm.1 
self-care actions. _ .

Nurses must have adequate apsessmerrt skrllg he 
be able to rdeuUfy patreutsmonerfthefourhemo- 
dynarrnc profiles prut-caFe airbed and to recog- 
mze srgns of decreased pesUssron ornnu/arorremug 
congest,on that reqbites иго„,р^У«,аипььЬе11- 
bou Wcghts are obtanreO eiel eeousPeU dePf Ctuse 
monitoringof t^nvtusonsuretKthabipybFPCcer 
rate recording of niiakeanO oa^pel.e nuppeeOee. 
Fluid restriction oi r8W-2t>0banLeS4b u aiam- 
tatued Nurses „uoOnrsOenclp.eUente nnthesteps 
for daily weight niomtnucen an2 Oherahunale fen 
ttosbehavtor.

Nurses must montlur tddpmutrorsoonSmpk foa 
HR and rhythm ahdproinpriy .„„Он phyatgtan 
when new or worsening rhythm disturbances are 
detected Temporary dndns miner me ramoeud Oy 
the surgical Karn o„cr the peUautstanrhn, luoeOa- 
bilized, usually the daunriurto discheuae. >

Postoperative dtrcbuegu апЬОПаеК-оп^ееПпт- 
tton is trnuated as oau nag kosoubO. Emeu y>u toiau- 
hon with patients provtdes bniefor aducehoe. 
With every medication given, patients should be 
instructed on the neineof da. .^«10^ per
pose, dose, frequency, and common side effects.

Candiac RrhabhitationesconsGlted formomtor- 
ing patient activity during hospitalization. Prior to 
discharge, the cardiac rehabilitation service pro- 
yides the patient and CrnVyrnhU >eso„aoepdatceps 
for activity ututtedcnteln after atscVargv. If pgueesni 
oueauitablucandidates, consult to Phase II cardiac 
pdrabtlnabm.wlll be reba„„auneb P wcces ddioa 
"“"’a laairng flee early itymmrVcao^a penot 
nvtienSoh’e malructed not to lift anything over 10 lb 
and not to lift anyduas „er eh* btsutn keeOmU 
„„«dte greOnaiiy 1пргс-2с their аЛуеС, 
аааЫп atidellow for rest during the day while 
rvca>nvr,en. AncxamaVc rf HF n™ gcnteOtUiitia 
erld/!.OieUp.,e.totol.el.!allll|pkГutllae|l!|i|v.l|l|llllek 

d^P"’™ „sttauctea Vt foOrw lFe rs-ve 
me„VbClor^seeЛe„penrШe„.....................................

Forekythtatod phennviaordrrdarv»w.thpke.,t 
caCanOoueunnUaonal therapy are obtained during the 
L/2Ч»ЫbzO,op.Reoolmstbnd^1ttClnS„raynamanbfoe 
П-т^о а petabihtaOop Saochtytogaiu «reenSh 
an d exeraiu ennurance prior to returning home.

.Prem.chsrrje tesPlng
Prioato disdanrge t>1V:aUtern'uevinia ofiOioiroiee 

i f U TTE is performed to assess LV/RV 
function, wall motion, valve pompetenop, and 
>'“““ ^арепоагПсеа eetvaton.Pat,sntt»irhdu 
ICD require interrogation of their device prior to 
aeisncrarec^. 1p a CRT Ppvko »aa^сеО. opemiizatieu 
of device settings is completed with the guidance of 
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a TTE. Depending on the type of surgery per
formed, additional tests may be recommended 
such as cardiac MRI or computed tomography 
(CT) „an.

Discharge teaching
Preparing patients foT discharge requires assessing 
patients preoperative knowledge of heart disease 
and of HF, includingwharHF is,consequences, 
and self-care behaviors |22g3).A»e.si»gmclivid- 
ual learning needs wait allow tbe edvcatronnl foedd 
to be on new or different material.

Patients receive anitthf eduhnUortai rnatertdto 
assist wtth the edncaVtohtri ptocess.Proeedmg wrtt- 
ten materials ten,forces leichmg and pmvtdvs a 
resource Nurses shoiddrtcoew warneo rniSeib 
wtth patients and iafnilytsigtirfiiant elvers to 
advance learning and addvfine pvienl.al. Na manor 
what the educatiooel foces. paUetata tetU met Io 
understand what w hxpsafed aovtihredadge anti 
what needs to Ьс^с» dt dratr hdalthaers 
provider [22,23].

Referral to suppoti ilfaipiinat prnvihxs a^ 
resources, a more m depth review of behavior 
expectations and remfotihm.nt ofedncatta, already 
received. The dtehctat. can peovede .„Soiivitinn ett 
food shopping, meal preparation, and dining out
side the home to pmmofa adhevenoc it Orne modt 
fications. The social »сг„пг othnencal аеипарпЬг 
can assessесо„о„,ееШиоа„ЬЬ™М„аПаппе 
tion and self-care adherence. Many disciplines can 
assess coping with in„ees.deotertlo„. omd bide. 
support available poei<iirallar„a.............................

Spec,he HF dtscnetgv ina^c«neoneih„heta Iom 
sodmn, d,et modtftaetioii eidraise. au2 асПеНу 
medication plan, monitoring fluid status, and 
identifying worse„lo„ HF^antt аотрЮта to 
report to health care padders |dd,h3|. habit 1„.„ 
reviews HF eduoaden ttinmes. Othee eduentten 
themes include «„п"^.^^.^.^ 
limiting alcohol and caffeine intake, and warfarm 
and International Nosmalieation RatiofdNR) tent- 
,ug as needed |2Я With ongoing educ.-iilon mnd 
reinforcement of mfnrldai,nd piallnvii entuM 
experience а bettea чпЛП" th tOtanP iemer hite 
pitalizatious ,f adtpra t recommended «К- 
men, plan and are adie to ,denote early omas of 
decompensation [23,24].

Follow-up appointments
Routine surgical follow-up to the Cleveland Clin is 
occurs within 1-2 weeks after discharge. We have 
OdimP this drarasesoisits toUie emergencydeoort- 
„1п1 mm 1Пс patieinsam aaah,aiadearlya„d qnen- 
““o.me ba “"“* uor’aitfgn care. ANnrse
Practitioner will ascens^cafdlon„ao„iae and генушп 
tory status, „к™, iigaudd lyuipl2„tri пОМу 
level and d,И.ad)uЯdкtiicalionSitamlolne^eiich2gi 
and idenhly leamiuu nacds.........................................

ire1,»..^ ceos ■naiodea folleodaup with ihe 
eahdiorogns1 »Л,„ t-2 wnnksof Лгсеа^Опп 
ГПП“В U"2 ‘ 114 h“ "■"О' td' C1nad“d 
Cd”T if ртнт woedd Ы- ioonim„„eoaneat 
tЬeCldh,idnda1шnr they tony tig tkrnei ae kae 
HF Disease Managsmem Program. 'Pennca prac- 
Uce marses (Norse Ртат»,™ ot Chmaai Ntnsc 
P’o^P who ареоЛее ae Hi, ргошПе HF erne, 
ath soordmare care with the HF cardiologist and 
otto «mutants. Ma21detlan a<^lildtment, etogp 
ratcry oiIuss monitoring, physical, psychosocial 
нпП етютт^^веБяпет, edaalios, and leldaнe 
oouna(|iш„aie»>,e^hlheSota,ccio£ioled[2n|.tS2a 
Chanher p. М'^.оп .in HF CIuio dot „от mfst- 
ого-гоп пЬопП HF out-patient programs.) Nurses are 
pan of a muMd^olinaei, id.™ prdwdmg a» » 
„adenil wtdlt HR teadsng them Oacmp e2rthemt 
eehof by „вд died2xeceue,medlcallonll asd 
fluid Ottus.
^еп^'К »o ГоЫ ^titun2 pr lim 

Odd!.','.! Onnc. acapyoftheliO2driitlve гераП 
and cindered summary are sent to the referring 
^агт.ТМтч! о^о н proided ollaae 
s^m&amdnails neeeS„ary for nugonig ssre. The 
aieausncydfv2gomg HF follow-up after the 30-day 
omghid co„ein«ce„t рппЫ ip „etnrdinidd hp tha 
cardiologist.

thechanical Circulate ry Shl„pora
neзald„c..ed
CanVldalai for MCS include patients Itsted for 
cardiac transplantation fromend-stagesystolic 
HP i„shiiimg i>osmcarcUaoroysy HF and postacute 
myoCIKeeaimfm;0en,caini„ae„,o sheck. ''..iahU, 
described .'Пп™ ace inhaled IrtiSge io himcplmtt 
(BTTit MCSc» afoa bduaeddprpefuiannnt 14s- 
port, labeled destination therapy (DT). DT applies to
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SOB: shortness of breath; DOE: dyspnea oNPnertlon;DCf Oischarge; HR: hesrtcate; BP: eiood pressure; CHF: congestive 
heart failure; ICD: internal cardioverter-defibrillator.

Table 14.4 HF discharge teaching.

Topic Instructions Consults/teaching needs Symptoms to report

Diet T 2oaore g4od ium
• Low animal fat diet
* Encourage fresh foods

i Dietician
• Family members attend

Aching sessions
• Reading food labels

• Weight gain of 2 lb in 1 day or 5 lb 
in 1 week

• UdusdalSOB, DOE, orthopnea, 
fatigue

• Exercise intolerance
Exercise • No lifting >10 lbs x • wowka

,• No driving x 6 weeks
e Cfadia.rehabilitation 

cconsult
.• Unable to tolerate previous 

feonrcise and activity Unuel
• Progressive Tin exercise
• Cardiac rehabilitation

PhaeeH (6 weeks after DC)

• Cardiac rehabilitation
Phase II consult at discharge

• PBOB.DOE, fatigue

Volume status • Weigh self daily
• Restrict fluid to

<2000mL/day

t Monieo(irrtake and ouPput
• WeighOaily

. Reportunusual weighe<3ainCsf2ib 
, overnight or 5 lb in 1 week

sAUdom.nsibloaOing, lower 
extremity edema, orthopnea, 
aaeoansmal aocturnal d.aonen

Vital signs ....................• Monitor vital signs
(HR, BP)

.. •• Home care consult if 
paaytient homebound

a Notify for HR <60 or >veo
• Notify for systolic Bt<85or >150

Signs and 
symptoms

• Notify for new or worsening 
fatigue, dyspnea, edema, 
and aeeiingto TpitoMs 
at night

• Recognize symptoms of 
CHF early

* Notify fHR or ICD shock
• Chest pain, dizziness, change in

ntappetite

Medication n• Purpose
• Doym

c• Frequency
a• Adverse reaction

• Normacaido effects

t ., ..............• Provide medication list 
t.with purpose, dose, 

frequep.cy
• Regular schedule
• Skipped doses
• Refill of prescriptions
• Polypharmacy issues

e.e . ,.• Side or adverse reactions
• Worsening CHF

patients already on miimalmedScb elier.ipvExpeai 
encing NYHA class eV HF wtthout hearttransplane 
as an option. Patients are evaluated and if deemed an 
appropriate ™aiaata»nthaveMCOpla«iasDT.

The Heartmate LVADatrYNAeacor left of nfttc- 
ular assist system (LVAS Oaretrnpltrntable, pukaftle 
aevtees that can heuseOotitstaaiafa hospttrl seft 
ting. A thorough discussion of available devices and 
erfteria for implantation sefoarnttaa Chepter 13

Once the decision is made to place a MCS device, 
die patient is prepareSgtcr surgera.FitstruaOorsmoaS 
„ educating the pataeMetadbttaau Ln Liepatfteras 
aeyiee and deechtng Op s.sks, denotrn ona poten
tial complicauons. WLentLspotseosand taW», 
meet a patient currently on support, they will have a

beOter undurstBndingofwheR en LVADisostd can 
(earn Resv patients manage on support. Preoperative 
education includes seeing the external components, 
Itreeau tLedevke, bod leaasing aLnat tgnndtn rrf hte 
rftae dease plpCHireoi. Shkwingthe pamipaiidrpma 

Sp a demanstaston pampenhsmes опОогрП^ 
Fur and paDT№ preapis^anke ednaem» tea,Pistes 
Coll Теркпте and aadesin mcno,f.■u, muSorrned dse,- 
tionabourhetmare..........................................................

aRonUtta preo^mhoe orPsrs ere „теп пЛ foe 
«ИрПпп пГгЧ^Г^ Odterr for fsn,aeplas-emenP 
Panaute »,3h an *«.«1 blaePrng ftaee (1NR) may 
begivct dUsmm К (10mg ,nlmoenunsi ^1™»^ 
bptftnandmornmgnSsurgery toovereoptedre Over s 
inability to make clotting factors due to congestion 



Perioperative care of the surgical patient with HF 265

as a result of HF [26]. Heparin is discontinued 6h 
prior to surgery unless contraindicated. Preoperative 
broad-spectrum antibiotics are given prophylacti- 
rally to prevent nrfeaSnn. Euetyffcn »madd totohe 
patients to surgery ip adry stutetoyrenent ntortrand 
postoperative oxygenation problems.

Intraoperative care
Aprotinin was used routinelytodecreare thrriskoe 
coagulopathic bleeding until recently [27]. Recent 
reports indicate a hniseaoatcrHreticldysCimctioii 
»lth aprotinin use ,28]. bntwber.ah rh exsesslee 
bleeding in this pateeeu аорп.аЬоп^пЬгпкеа 
quent right HF must be weighed when considering 
which drug to use iorlp kt pet.unrr tra., ,..,.,| 
impairment auumeapootc acd ntay he the deitor 
choice. Two units of fresh frozen plasma (FFP) are 
placed rn the СРВ ctrcchprioe tn mruation о. СРВ 
to assist clotting and CBeteap^ed^lNSV. TEE о 
performed pte-CPh to astetsLVSRV fnncUon. 
valve competence (eaEnaohyaorttemsEUtaBneyli 
condition of the aoren andpterenee ot a patpnt 
foramen ovale. The LVAD is prepared on a back 
table by the registered esin pRNf (rai atewtom 
while the surgical team prepares the pump pocket 
and places the patCem oy nPB. If „.ovey earn 
corn,tan, procedures wih Ian psrfoamrd euS, as 
valve repair or CAOGrtnrUcsggOoe rrhomrsspasf 
formed ,f aortic nerdfficeenay nt Nh+|U90. Once 
die MCS device is pbcai Kr prt.unt ,t weansd 
from СРВ by TEE gmdrd dr-wriog cG the boon 
and device. De-anntg the feaeey is псрЫ^ 
by liand pumping the HMOtmate or nrdviOntg anr- 
gle strokes to the Nvtocor ш tha EVAS monitor 
prior to miUation oh rapport, hifraventrue inntrapio 
therapy is initiated tuaiaerttRNcoiitractaiayOnce dee 
device „ de-aned d,a naUafr is wanned ieovs СРВ 
wlnle at the same iimeaeUhabnR thedee((e at id 
lowest fixed setUng. Carhisn aohossmoM ЬуТЕЕ vrie 
hnues to momtor RV, natneavmctton, nBeulhbon 
of the inflow caniiolae rn rUa nh, OV oohirne. and 
reassess tor a patent еоотпепое.-аг. . ,

During device аЯгааПеп and weaving from 
СРВ, the surgical wed anerthetia More will optc 
mize medical therapn using motnrpcce «пр^^е- 
sett,, vasodilator supDort as praviousep Oeecrihed. 
ЛВС andbtood losonre „aomUs^eE.rr^an^.tostn 
team will replace volume using leukocyte reduced

Table 14.5 Differential diagnosis of low flow after LVAD.

Hemodynamics
Device flow/ 
output Diagnosis

dOt.RAdBAP.LVr JcFlow Hypovolemia 
or bleeding

dsn
t'RApeor, PAP

slFlow/ Tamponade

dens
Flap

slaBave RVdy sfunction/failure

Trap, lap, pap •Jr low Over-vantilation

Note: fFlow with fPump rate may be indicaFiow of inflow 
rreni eiompenence daRta infection or valvular insuffi
ciency after prolonged ute.
By: blood pressure; RAP: right atrial pressure; PAP: pul- 
no^yyfrtn1. Rr^ure;tAP: left atrialpreusure;RV:nght 
rentrifular.

’НуЛгк.Т.т dotiger bteodvsoductt. Platelet 
transfusion is mmvmteed to help prevent patient 
eeittieisatinu pnstoperatively for those to receive a 
hearttraecobM 27,30]. Rhe aheseio eloaedoaeo 
Aloedeeag batresolvree. froere, TOE ,t pzahormad 
mace the aitest ,s nltoedto assent thByw conduct 
РЕРПГсп aoE adeqnaer ftyw .„tofhedeo.ce.Tha 
patient is then transferred to the CTICU.

P^N ohent may 7c hefthyeet R they onceiren 
тигпрк token produots er eh„he„ have «Cerna of 
nrdUotBt, w« 1п„8(ооппоИЫа1еетоСа„1ат,егА 
naadc erUe esVcpt at eherlat,ahla Ьcdssde_shoued 
atom auploeanon Ur deeeseaeo ,r the CRKCU. 
Clopurr or 17ir Chen occurs 1-2 dace knurtahen 
swelling has diminished and diuresis has occurred.

CTONU care
Onaa m (.rn CTICU, .„abihaationof hemad°tam- 
,., eevd «пип lab values reflecting organ function 
acorax. dtrare.TIeficieik coagulation factors 
are formsaattlto „„„011X0 blaeObbg.An heP dr.a 
rnap beoron™! nu^^^.b^eeutmgeeeoloan Clnae 
hloшtoamh of d™re Cation .r eceoercy co aasera 
nhiumastnaas and RE funelmn. Нет»ОупаеЛ|а 
Wt,.hsoaltra «о rnorntored ae«E»on tor potent». 
eenVo utOlphhOИ,„ceet1hУ tn Tahir aaiC theeone 
flows are monitored with other hemodynamic 
poahmИercstн„sseaoнniouslol , _ _

Н foo _Wifks have baeo Потока Fee patients 
experiencing decreased volume into the pump and 
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therefore decreased LVAD flows, the ventilator can be 
removed for about 30sec Co aAseTS forarise in LVAD 
flow. If the LVAD flow increases with this maneu
ver, the decrease to flenn maybe kna Lv a,.creased 
rntra-thoracrc preseure Dfoeabeerg 0, peaeee 
end- exprratory precrere (PEEP) to nd deni ence map 
resolve the problem [Jll.-nrofaeecCorpoearruu tatr 
enhanced the software of eCa HpeeSnrafe ddhcaa 
to Optt-Fill to aUoerd-f Xtttaa pn„tpHlrii(betd)e 
pump eteetton Theeefofe.thp pump .peed doe. 
not „crease „ the amEamafoe mode nmd the ctroke 
volume ,s S0„L „better As a resnld tbn Se96% ,p 
keptrn the IxedmoeiufopjfahdnudtdelfcpeheEts 
cardiac and volunreftatnsslairilmeET^ri autcmaUc 
mode is used once ehiuOu^antdanethaa aonetc- 
tettt pump tilling waPi flohf atxapUtbdo anaeeaCu- 
ston.The changemHahcCmrtedeitoeeofttierecvas 
accomplished to „metae tSeieoae-enalehte [31]..

Ultra and earbrpa^rreermpn.mngertaEn.e^e eha 
same as those d.souesrd e ТаЫеШ, «сП/ same 
additions. Milrinone t[aeulpУEutellZhnta[ aeeeftwtch 
depressed RV function rnece11teaaased,laaefac weft 
as an inotropic agenh M,lemons works issO bul may 
lead to decreased scttatrnoBP rrqnmngaheeseol 
norepinephrine to oieiritaiit anflrquaer Bd. if dee 
norepinephrine d„p mtr,s >1T pg/nam audlta 
patient remains vashOdseeeOf necoptessnits adder 
1331 If the pahenloatuhnnae 11>Ьenarl,dnaSrd 
despite two vasopressive agents, methylene blue may 
be used although Me as mn [МАГГ■ Ма-оукие sine 
has been described m the literature for use m refrac- 
toty hypotension folloetn.gCPh eta, ia_ „„«пое 
sive to norepinephrine support [34]. It is delivered 
as a bolus dose foECowel by arOyntenuoralnemi 
venous infusion thro uvhapeneralime,no-Soerccdd 
611. Serum methemoglobin, bilirubin, and hemo
globin and hematocri, lenela mmit be moditeaed. 
Palient responders neE daw/snev/dane-еС, № 
rial BP. Researchers fEundnu effue/ ait HR, Ctn. and 
ABG results [34,35]. Table 14.6 provides details 
regarding administration ol'methm^ Ыне.

RV failure
Following LVAD p.arememb сатипг111 as eneeh lipa 
any patient having surgery with HF, except the LVAD 
will perform the WRrV fathu eV Acceptable LVAD 
ftow/output is detenninrd by Vow maT Use RV la 
functioning or being supported. Close monitoring

Table 14.6 CVICU guidelines for use of intravenous meth
ylene blue for postoperative refractory hypotension 
[34,35].

Dose/noueentrar/an Guide CCVes

Bal usdoshal
— 

Administer via central line over 
minimum of 15 min

1-2u u/1[. ps Wlax dose 250^50mLor 
5 mg/mL

Drutein ЭДul_ sf Use acgual body weight: dm
U.9% NaO calculate dose

Efolusdose has <4 h eMecx oe 
hemodynamics
Assesroesponse to bolusdosiua 
%o determine effectivecesu
Do not have to give bBouudore

rontiaeopHelrsion: Administer via central leit
0.25-1.5 mg/kg/h Adjust dose to maintain

prescribed MAP
Taper other vasopressive eorntc 
aueble

S00ref/S 50p ro.a% -ontituallymonitor Bd
rlabl for tot2lvolume Do not infuse >6 h
(mo/tirk aee /EmL 
o4 Pat I bafore 
addiaeaiug)

Urine turns bluish-дгетс

intrnreno11; MAP: meat arterial pressure; BP: blood 
pressureiNaCmsodiu mfhlacidb.

о/ UV far obi on is imperativeoTo aide RV futictionp 
anoid fluid oiodoad, an. Ihypoxio. Itihaledt.itric 
oyldn SNOl may be warranted in combination with 
antmveyoueld^■odic tlrciapy enetastuften rniln- 
“> tprpyport the RV wdhou, e, eight vrohase- 
eieassiit Pcvsae (RVAD) [29,36,37]. Some centers 
siseNOeoutiriely, we use it selemnslylSwl.

PericaaeXa[ tamponade u
1 n . 1 ^^.00 has subsided, patients need to be 
momtoeen ror pericardial tamponade. Signs of 
tamponade mcludp decreadecl LV-mOow (and 
Uroreasedpo1un,e опт lhe pump) and au inaiaasp 
in RAREA p™. ilnduepareaaed tfr. DrauposSu 
tests „elude CXR auU ТП0 bul taroprntade „ay 
not be evident. CXR„,ayeeoenians11)arga d apr^rau 
silhouette and ТЕЕ„ааоге)оатео1праеЮг0 0V„ 
nV wfth Tamaroma.i/tampiitedcxabonod, return 
to the OR1S needed [31]. Once the chest is opened, 
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there should be an immediate increase in LVAD 
flow. If a patient’s condition is critical, the chest 
may be opened at the bedside.

Infection
Efforts to prevent infeytionpeethehighestdsioe.ty 
in MCS patients. Invasive monitoring lines must be 
discontinued as soon ct thn patient’s condition 
allows. All invasive lines it be „отИтеЕргеО to 
be changed every 7 tdyyanr moppctf ci„e,calln indi
cated. Prophylactic broad-spocto no, anhdioOic ther
apy ,s maintained 0n48h nnkeatraahnp a Ccnon 
U,feC,”n-.........................................................................

To prevent infechonot dra -hv,ee n»isote (oed„- 
velme exit site), meticulous nursing and patient 
care is needed. Dueiieg stng^psinjdefam.10 
placed at the dr,velme еИ«еРгspamobdior-hdrna 
promoting wound heading. Tbe.uturn rn eernoeed 
wnlm, 5-7 days of Wlsa,e. To father imtnobihrv 
the dr,velme and p-eoout tonal ioarnnsor,„nahon 
from the weight о-,Ье.соМг„ео11(таЬЬотта1 
binder or atabihfatod РекеоттСа^рттаа 
binder or pmchasedfrom nVЛD„te„„aeeturart to 
applied 38,39|.The bender otbelt replaced pnar re 
exiting the OR and ss inemmrneo al zh fates exeepC 
dnrrng morning czserod dreserng ehaoger. _

To father preyeh-rneecbonat theenvehere egse 
site, sterile dressrng dtage. oao mendctntp. 
The procedure mclyOetfafoliowittosreps: (a) she 
patient and nurse to wear a surgical mask, (b) the 
nurse performs a h-fau snrgmat hood wafa fad 
(c) the nurse „earsrte„lagfooat and oret iieephc 
technique to clean«0hparAiO,P ap„lyedtytte„la 
dressing. Once heaPoghie1oooCAoeh aeeh doeigns 
of mfechou exist, sluedmaeihe „„a bechaligc„ 
usrng a clean technique. eior rreq„epa„ offering 
changes may be as often as fate 0™,»» a 
day-to msure a clean arid dry .№„ d

Once paftents areantaboteTartO .seehemodynamt 
ically stable, they are transferred to a private room on 
die intermediateго,,,.,1. „sd Опое. I'.Ufa. may vou- 
nnue to require rntravendut „0,1.^0*0,00000^ 
support, which win be weaned off when possible.

Intermediate care nursing floor
Once upgraded to SuemrermedMte сппгеит'уоас- 
diac rehabilitation and self-care management are 

introduced as a focus of care. Nurses need to assess 
patients’ physical and amotionuistatbs prioetofor- 
malizing a treatment plan.

r ConsdlLatioh whir phositalandoacnpationNl 
asgoeppasscQrpfaeptrтithredaЬ,ЬtfaaneeneeerO. 
As the patient displays improved strength requir- 
lug some assistance, orn cefaam rotabittotto.. 
team is consulted for ebomfocodoptbotahbi As 
pan of progressive <^arhlaeeehrO,hi^ii,on, paharcVs 
mamlloambutae pi the hath ancoatpamed bg rt 
.1“" тот*. Ao pohsut Я^рг^ 
i”™ orni „Ь-Ьпоп --mdepeaOene.thdyees 
тоИеО taattced bendenat ohn wcTr a reihththio- 
Siontdenvmenfar who „otcfara p.enaui roienencs 
and nsagsesrto mcsrareO nativity, hsifaonaty bdo 
„ aho avkpcWlr for pahnot ношРоо rehoAhtetiou 
toonton the nrnt. i ,

A „utmitt„eUeatttme„rЬee a™ the need for 
pad tacomnrrnds heel сор^етеМа io,patmlme 
calorie intake for healing. Supplying snacks during 
Пас day1 un .«0», as morne pfantsme nniyablo 
fo eat snreio arnotintr at a ocaa Arm yet И,p^proseon 
htaha annmnch by theHVAD. AfesCmgtuhe moy-e 
As cart early c^opeeaboviy m tPa CT tCUropro- 
vsde adocuafo nutrotiou hets pЬacotent c.str A o 
Arotlsnoc Candnucf lube Ceahmgs maybe hhcst- 
stpion tmusfce to mtermed,aKe.cec.TpЬefaeVmgS 
a-e doo- weaned bo ^00 ami mteCrtdurmg 
the dapaud ^„mtirnnap 12^,р^У mhispmo. 
Qbcaord.make is ebvquate .■рИьсс, ruppie„teMf 
eee_roleeated, fenhob tobetart remayed. g
r Paboao. on MCS are tevatcd bAh гоог HF med- 
rll■t1,aee wlucew, потЫе. Knrpmg tboapefolCp hd 
befo»130mrnHg helpr prereoes „Уг тСОопг™!™ 
conduit of the device [40]. Use of an ACE inhibitor 
.a-01„e wl-, ACErnhibWor dr Cobnatndttlatpdi 
aclaievos tlr^s. ^blnckaw aae Arn.nad.ee tokraTia 
anttdotihabca rrn uaedOto ybluhtetTerload.

1 Mornrootag »d asssssrng far А-Мрео can- 
mtver ar „гР^по rmgraal pabend.WhOe aeri 
t„moOar tAhpcmdie.n (оЫ „peOncr. with 
devices, ACLS med,farm, pepaoopУ rather lhan 
DCTiore hoAiwed th devote Pow rrmaina ПаЫе 
[Ь9О wo™. rpethcabOiA cm n„SyeeestM or it 
shepafaiat c.^stohle, DCC ia рАрс^. Device 
t„eоufealmerfaaee cnstopohenr „пу«П.У1Г DCC. 
lAteHaaotPtfa extended WhtanAhafapr. ,XAEt 
requtrea the controller bn dcscoimactod pnnn to 
DCC [31].

Arn.nad.ee
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Discharge education is an important aspect of care 
and involves patien2 6and fHmily)demonstration of 
expected behaviors. Initially, patients are instructed 
on monitoring and reraidihatheidintatioaiidoutmpt 
daily. Med,canon educate» Mows wich emhifiU 
setf medication adnxinestranoiiwlnle hospitalized. 
Wlnle parncpanngmmolf mednralnon admrnittra- 
„on, the patient and fomdy auc educated on dcetea 
sei management........................................................

Prior to hospital drsrheree gpbuhts ornst br. 
about the device, dedncerornpooentf.pamursnn- 
ply, alarm conditions, and demonstrate emergency 
steps and procedures. Rret. for pxieuttmd faruilp 
are taught how the device operates, the different 
modes of operation, a„P mere .«ngedvms uemp- 
sary for proper dee,cetuact,pn.eredied. tFeylearn 
to change from tethered mode of operation to 
untethered (battery yew ErmwinernC is eeaeCdk 
for hands on training. Finally, patients and fam- 
,ly must demonstrate chucupupp rm mmrtrollre hmod 
pumping (for Heaatmatr XVEbidrmiPriwn tmhtrru 
conditions, and preecrrou sre^Pcuctrt. must 
know how and wheugocah DeEVAD teamaed 
demonstrate how teaall throughtHepagme system 
prto,-to discharge hem the horpdfd о ] . t

While device edeertion audrdgabnhtaleso to 
ongoing, patients aeemonitored for Imrcomnliar- 
nous (refer to Tubk 10^. talrePnu kodsfo 
rncreused rnorhtdtty wO rhe r.eudonnarP madae- 
trtrn of mechanical asеlstancefurghetreggmeglC nf 
congestive heart fa.lese (СГПМАПСН) lisal ,derm- 
bed infection as the kadsng caese of death dor DT 
panems 139]. l„feeu»„esgmiuldeUelayр beidemt- 
hed and treated pnnd^ptly. OUssf pompltcROMA 
mclnde stroke, late bkeUSetg, aeh Pamoomidelrupp- 
ctaWaubcuagulaeadl _ .

Prior to discharpe, a PAf ts performoh to asser. 
EV unloading rn auth med e.SW hmae1on,ft1dvaldf 
competency Addmp„al^y.toetsr^sd.atwnBrespo„se 
to decreased flow, the puesp ii-wetahed ta thetaed 
mode of operation ttidtheenmaimae is gradually 
decreased to a rate of 50 beats/тт. The LVAD 
Karn assesses pat,cm pol^smem 1w П^ат11^ 
flow and ability to durngea controlled, should tdts 
become necessary..........................................

Panems with MCP mecesee the panes HF grntk- 
lines as described m ТаЫе 14.4. ta oPthbon Io 
monitoring weight, intake and output, and change 
in urination (decre^,e ielrre..g]]ll. amount or 

dark urine), patients are instructed to record their 
BP, HR, weight, pump flow/output, stroke volume, 
and pump rate once daily on a flow sheet they 
те1уНт. Pehems „edxpeatrd laЬ„,gdre1cfSodr 
sgeet tooutpatieiiBdepartmaeet (OPD)aewoidb 
ments. Patients are instructed to call the LVAD 
tegm Co-. a . tatca lia pTAD Tpws, maes,Td HR, 
sucreosed weight. and new ос-И of fevee, cTlts, nr 

e • s . .signs ot infection.

Poltow-uy appointments
““I-” MCS amfohowed J., .* Лег discharge. 
A home care nurse visits patients daily to weekly 
tdetpnirineylby inSFoanoe w-uetaaePtoissureonti- 
mA iislemDou to Pifertyly dranges nuPfe rusooe 
рапт de aitu perform mrremmd гргп rndepeedendp. For 
patents wrthout fanntn muepeal horns apu e«s 
mfe contmng С» a groloep^ 01X00.0

Patients are evaluated m the OPD weekly for the 
hrst manta. Drnup гопЛ... ..„.«..ma!,, ртйет 
end Уa„teycm,pmg miilh rAecombki«yofddttipd 
casS]B asserted, ^e spgsaiAУrkerasse-rerpatlemd 
dcapfoso11go1mg suupFmmendasccs-a1tcе. biaUdilipp 
fo 1.1^^ Ddmamalfont 1agoadforyar.ersm.mo upU 
device^ erDdrnmnt, rhed„aeЬ1yyf^rieelr gomend 
fop mferfsos,.^ мру eevlcеlfcoymeeleF fo lire
morns» fo docrmreet runup floTgoetpoe. rali.aad 
stroke volume. Device related alarms and equip- 
snim p^ms ae trnnfamd. PaUmta amexpeyfed tea 
bsrne fogy emerghged beak ee amu,dnleM»tOh 
amanz ffoerohs™placdnУс0901 ,„„.«_>>uerer- 
'•.riv T,m„e„ettfoomtcste eia Drawa asd mcluda 
Hcoeaplate rnutabohc.parel, «гтркк Ulood iJI 
тет.рр.егассетьпг Dane acdvalsdprofhfninbm 
Oma,^1erueeh^aH,emnglolnd „сП, each e«. e5al^^ a 
moiDppeaelremnveaembod1es gPRAbareasseиed 
foeltnЗSeilCrcenЫ^Tb statue. A CXD oatC efaaboaer- 
diogram data are collected as needed. Patients are 
enDeurFeadfo ^„DmeeOtasm ll ^^1.0 sawdhlta- 
r«aecfScsdvschergel3ll..................................................

Once yancyK aed temihes 111^ ^11 of 
adepmto m. hfestyiccha1sеe_saebdevnae Prerapy 
anr ,^«0.. 1ПпЬ1р, О dDcped. aredecrerned 
tfn brnromhty Chen eeere U-p saecFC1 Patiealm myst 
demdernats eta аЫпу At chi mfo nreC^ os 
cda„s!er n,11o„ coadnDnend, as rigusg^rd -emc 
toms of infection, neighs daoiuOr_SOie. Darvehue 
infections are managed in the OPD for patients able 
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to identify changes in their condition, however, the 
frequency of visit may need to be increased. Periodic 
TTE will be done to assess for valve incompetence 
““ „on,tor for EV cdenyeryaenaaeantod[32a

If recovery is suspected, the patient will have a 
“turn off” TTE with BPmottiOovitig. Thepotiehii, 
anticoagulated withheparinandtln pLtrtrp co pfroed 
,,, a fixed „ode to I rate of „tout 12 douta below 
the pattern .„trrnste №rhcn deewegaedbyrncrgp 
rnents of 10 beatstoarate cd ЯкааЛ™.!» 
patients with demonstrated tolerance (maintaining 
an adequate BP HR. andno sptnptom. neglect- 
ness, lightheadedness, or SOB), the device is turned 
off for 2min. (Eilhm lnten„,tne„t hand .„„ping 
or single stroke of thn devtatt tn neccvary !t the 
pattern tolerates lhePmn, СитоН-Л-е wiltsetnru 
forpuln„„aryarterfCfdrettmnrc„n„,ut„sSVO,) 
andrepeat turnoff ТОр-оае!™^™,!,-™ 
assessment is corraloten with 1Ье_ТРЕ datt. th 
renrarkahle reeoeerriUrattrrcurrurt.lhe, paltcot utapt 
be returned to the fotdev.cn explam, aMton-h
this is a rare occurrence.

MCS patients haw. cameo totlor h-VADer 24h 
a day. A nurse is one- to menageEVhD qppa- 

problems. Tie EVAD team,, totpon.tble 
for educating the eornmurnty mwicehtdu pattent 
fives. Tins „completed p„or SotDe pebeul netnrrt- 
nig to their home attPrn auderohetoealiptergensy 
room, local emergelrpy„2ddcatsytlem, hЕV2healtlt 
care nurse and local рагПюк^П vrlet^mfenutsP 
Arrangements are „ado fttieiu ipivtcnrdturntotho 
implanting facilitybnnronndattEiur|32|.

Patients with DT status living a distance from 
our institution are eventuahy fohowrd and mnn- 
aged by then local ovPtotog.nVodrnmmey р». to 
return to the implanting facility periodically or on 
the request of thelr nUustn.on.inctteW sueolOc.

While panentd „BTOaoidDTodtUdt „cable tn 
hve „dependently ptninto. oftbe Ctornitakbeuith- 
care support ongomg. At 012 RteytCmd СПопс,
tlre socal worker establiihedarnou tidy Tmun inn 
patients waiting for <рр„ь,1рИп.1Ьо Поа-р-Л thrsc 
who are postcardiac transplant, and for BTT patients 
awaiting transplant dta a, „f untoftbo hasphidl. 
Additionally, a transpIrne educnrton cdhena:ttotr 
„me for HE and te.eneplantetioii eduсШт anh a 
means for pattent, wndfatodteelnnetoiork wnh 

.one another.

Summary
. c l

Caring for patients with HF after cardiac surgery 
and/or MCS can be challenging. These patients have 
comnleu medical histories and complex care needs. 
Has iniPerahy2 for au nr nrembnrs „, aacFtllp 
eMdtoeeto2 rnd lncollaMorat2att0coRrnpnn[ngte 
to prodtoto . snrarEd ootcomuA eoUat,orrhv2 
""““- „'О-'1 ™ аР[Е">аЛ “*•" tooprttv- 
mnct. pa ouhrnmes and peohtolee рНооооопсоИ о, 
CdtEltlmdne petient goal, to prolong survival, and 
”00-d0 quape„ of peh. Nm-- pls- c l-'d mle m 
«'4-,' ainonot'rare.
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Appendix 1
Cleveland Clinic Websites available on the Care of 
Patients with Heart Failure

1. http://www.clevelppdclimc. org/health/search/ 
show-documenCieVspamedialD w 5&topi cld = 
939&sortld=2

You will find link, to:
Understanding Heart Failure
Heart Failure ExerciseGw-debnee
Heart Mure ExYrceePraoaut,™
Hear, Transplant , .
Left Ventricular Rescn.trueftve Xurgesy (Der 
pr“edUre)_..................................
How Heart Failure ee Cragunted
Heart Failure and NetriVien ._
Potassium Grndelutes-Huurt Mure
Heart Failure Medications

2. http://www.clevelandclinic.org/heartcenter/ 
pub/guide/diseapsrhuarCtaiSuce . arp ?fsr s(Cat=U 
&secondCat=246&thirdCat=256

Literature can be found uu the topics ItsCed bilnat 
with many more:

WhatuHeert Failure
n, 2 4Whatare the symptomtothenrttailurr

When to call the doctor about your heart failure 
.... symptoms

Howhatid failure is diagnosed 
How is heart failure tfeatad 
Understanding heart failure 
Surgicalprocedureeimpresm hacaifetluee 
Let» „ore about: Brveniaicnlar pauetrnSca

Heart Failure DisruseMrnanemenr Pcogran, 
Heart Failure NsUntroput duiduhnes 
.eft Ventricular Reconstructive Surgery

http://www.clevelppdclimc
http://www.clevelandclinic.org/heartcenter/
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Introduction
Congestive heart failure (CHF), primarily as a result 
of ventricular remodeling in response to myocardial 
necrosis, remains I leatingglobaScaase of morbidity 
and mortality. ApprorimaielyMmeaaou рт-ркат 
presently diagnosed with heart failure m the United 
States alone, with mi expected I'ncreMUto greaUer 
than 6 million people cy Um pe, 203Г | eJ.Dnspnte зп 
enbmced understa-idmp .nt*. patFopPys,окрас 
processes involved „ vemrionOur rernydeOng |Ul ami 
improvements in py«er„,D„. eahpuernue апУ.гиаГ- 
ment of dns disorUry, CHF eaamueep . sigFiftcmt 
therapennc diallenre. UerUher„eore.aan,ungScoae- 
diac transplantation may be a definitive therapy for 
CHF, it remains limiDp ie oumben.

Ute limited avadmHefoeeacees rnd pcor u 
sis of patients with CHF, coupled with advances m 
molecular biology andhumon gaooimcsmeneeehave 
resulted b . nroreaseT tasumd he armrnauSvyn,mo
ods drat wdl assist rnneprnpsuo e wcyscHRhenbd 
targets for tins new Ueelnren parnegtrnmnyUmason 
preventing myocardial ceUdrslO dmangniyomedneS 
mfarchon (Ml), atteFeayapspatholopicremtaealmo, 
and regenerating nayocaedrnny CtawgeU.Dn^ 
repea edly demonstmCacalsr, tun pat,mnts cm ta» 
very different dimcalaaorseidennite to», snmta, _ 
Mis as assessed by location and size. Thus, some of 
the key molecular procercem ne punnm r^vu" W. 
left ventricle (IV) rarrnsFdlntgaaacgdsmaebe iden
tified usrng genonnc-pepelutioF-baned ■ ■■
focused on identitying ra-MncM nikdo-
pathological remodclmg followmv Mi. Tmutmena 
strategies including gene transfer and autologous cell 

transplantation are under active study to determine 
if they can be used to modulate LV remodeling in 
the peri-infarct period or augment cardiac perform
ance in the ehromcadarinlnan hee,O.ln^erFcatac»Ш 
serve to rewew the taff» on gene ffmnT» and оШ 
tfanspamtaftonwidpre-pdc- OdCH FcnTmeTa auOmc 
?"T""al iaemSa’“"a 4*“ nO Hanse ainrgrna 
therapies.

Gene transferCea- the
OreaDmena of CHF
Лllnonoh2]ellm its infancy, die udlity of gene ttans- 
fne to enhaaca myocardialperfttsisnManther- 
ratnaninoo 19-13| hasbeendernonstmkd.AlFng with 
il,a ГУтПоУссРоп of ogyeeof п.ПеатЫекаасп рУцп 

neftm and торПтЫ mofoaol aomene 
delivery are all mlegeUcc„9-i,3„ty of ctocmcmM 
mnefeanffon Miof dC^ con^poeeaftmeat Oe 
cayePamryaadnmd tod,e sercrnc ftefaPophnsn-to^o 
process bemg targeted.

Muuhpmslms of gcne deilvcmy
Tmmaytimu.ve^zir -oegenfdrliveaywuuld result in 
.gn td" efficient gene expression In a variety of select
able cell types, (11) allow expression of a reasonably 
tap pwp ya geneTcma-ahale„clpdtne -onnUfmrnУ 
уРгпооц Did.») havano 111x0111 offrctr on ШеИг- 
getorga1funte„ oafhe fond «Ип!» aneimmnent. 
Wani lOael genеtta„peervraor dtiocnpt « tsaw- 
evee, a^etal^d audunp-vиrl yearns cm be
uniquely tailored to specific diseases are available. Of
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Vector

Table15.1 Vectors for gene transfer: advantages and disadvantages.

Synthetic oligonucleotadbs Adornfoges
Disadvantages

Hightransfectionedficiency
Short half life
Inability to target-specific cells
Functions to inhibit gene expression only

Plasmids eonunteoed

Disadvantages

A.Non-immunogenic
D .Non-pathogenic

r Long-term gene expression
Able to transfect non-din.dingcells
Low trsnsduction efficiency
Delivery via direct injectinnoely

Ade no-associated
virus vectors

Advantages

Disedvantages

Transduce dividing anLrnrsn-diwVidndielX>
Stably transfect cells ^longlrmgeneexpfediion
To^path^sic
Mild immunogenicity
AintiCnsi trnnsgene size
Potential for insertional oyl^ntiesis
Difficult to produce in Nongeguoetines
Delivery difficulties

Adenovirus vectors Advantages

Disadvantages

Trsmdt^dMding anL non-dlviCs^ ceils 
...Facile production 

.Transient gene expression
Robust inflammatory Depvnse 
Anvune^sor repeat Tdmsnistradion

Retroviral vectors Advantages

Disadvantages

Stable transfection widCindprtdecome
AbiiidvCorender non-inCnctiouvRRiTransduce dividing cells only

c cInefficient gene transfer
AotendcHor insertiona^utegenerb
Labile vector A v/Vo

Lentivirus vectors Advantages

Disadvantages

Trsmdt^dMding and mndUividiniinii1 
iLong-term gene expression 

... oHigh transduction efficiency
Potential for insertionaf mdttgeogsь
AotenhcHor self-replidgfiod

the currently available vectors, only a few can achieve 
efficient, high-level transgene expression in post
mitotic cells such as cardiomyocytes (Table 15.1).

Integral to sueeeaheC cell ~dgu,te MnUer strato
gies ,s a method that a-o„a ad-qu.ale de-very to 
the tissue of interest. Several techniques are being 
explored including mine, aretrcardtaC iffay [-d|. 
catheter-based teclrntquts [1S-17|, per,card,al gene 
delivery |18], and .dbavaarrano mfeaons [lU). eac, 
with its own limitations and clinical applicability 

More recently, transplantation of autologous cells 
that are transfected prior to injection with expression 
vectors encoding secreted molecules of interest (i.e., 
vawnd,- carrtouMraM gnovdh f-ctor, VEGF -t .thric 
oxrtle еумРиго— NOS) has d-av tted.nd, [20-221 
Tlrub,th5 hphnial duoacalpt-toced faadredehyeoyor 
gtnetrvrnatenal to ,Ca duhug ,,,1-danNnm. rename 
rd,Oe^deUaim,ned. hlvrt sayd. „ ,t hkely )hrt dnaat 
tnjraiidit „to -«„■yoasdrtaoohtv^ycast-.adohioct to 
open-heart surgery, or as a stand-alone procedure via
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Better Worse

LV function

Figure 15.1 Simplified depiction of tar
gets for gene therapy that have been 
successful tested. Those targets that 
have positive inotropic effects (better LV 
function) have demonstratee bene Sim 
with gene over-expressien, wterens 
genetic strategies that iuhibit ueyasive 
inotropic targets (worshLVfunctioe ) 
have demonstrated improvedLV fuost ion.

thorascopy will likely be the earliest techniques asso
ciated with consistent clinical benefit.

Candidate genes for the
thotreatment of CHF . .. a

Several derangements of myocyte contractile func-
have been deca^^dratatwgfoncefsrohfod 

fa,,n6,l„ghearts.Tr!a1m,tnmO.t.CHdaten, one
way or another to sev,tat,one<ngtraa,on couphng. 
and ulhnrately.venirtnnhar fubetnan (monte 15.1 W 
Abnormahties of tnrraueUular oaktum honteostaatu 
at the level of the aireoptaaihte rettxutan t—R) 
[23,24], the beta-adrenoreceptor (p-AR) [25], and 
cyclic adenosrne „„oophupphete (еЛМП ge,peea- 
„on [26|. Other rnpfahtonts Iravn been tpeurrdetnU 
targets ft, heart [nlnre treamonp ssecO eo aptr- 
apoptoho signaling ersferpnoe v rn tUg vova bvSdwPt 
angtotensm-eonyerUvo enzynoi 5AC0- апМиПьр 
(reference is ■„ the ipet bglnw) no p-eh as othere thut 
are further desenbedrn Viru ehaoaer.tOnontg out o1 
these observations has been a number of in vitro and 
in vivo studies that have rvoluat-ul one effiracy ozgene 
transfer targeted at tlrese onthwayn.

..Calcium homeostasis.........................................
Intracellular calciune pin ipattioanuieeghatpohean 
the contraction and relaxation of cardiac myocytes, 
and is tightly coutrolladbumedsmusnatthat regulate 
ns Hmwithinthe eytnpP^|P7].an omeu^.attPe 
conrpletiou of a tovaeouote cydeeyPosoPc Ca _Opr 
to be re-sequestered into the SR by the SR-Ca- 

ATPase (SERCA2a) pump [28]. Cardiomyocyaesiso- 
lated from human beings with CHF annchuracterized 
by contractile dysfunction as evidenced by decreased 
hueeoliefoopg a™erano„.prok>R?Kl redo.t»n.8ayU 
elevated diastolic force [29-31 ]. The derangements m 
S^^-mediaftd Си’* ^пео^о™ voopgaftd 

mth the eontrachle drvficncttuo eerOta„ tte tgrh„o 
myocardium |32[ Ofoy minpovanCs for [he deeeT- 
vovtpm toS Oue aboErrnalitpeetn conluaonou mV 
rd“ /’bo™* "' CHF loapp been sSoorn to 
be SERCA2a [23,24,28] and its regulatory pro- 
tem, pliospliolambuti [.’^705^3^^ SERCA2a corn 
0 .1.1 tancOon of Ce'+ roupd/b foeonomg myoqbp 
mne^adtvn and seroes Er ueghtotn .da ftan.^tr 
Ptircatfog.1О.Г..К „trmdbn.dbvpUoponn» exiili 
an iialuhioorp afclon nEOCAOaredpcmg «саСЬ 
cty ft, asaoo op eenruvol pl ^Ow SOe fvVoweog 
“"“У7 ^lupiipiroeedt pgr cont„aruteto the 
Otecuahc dyprpuкno„ aeon b раСепЕ «ПЪ CHU. Ulna 
ranotrfSr^R„^W1nsvO„^em1>n1hc„ea„ne„„n- 
m^aaedlnOr11i„™se[lutt^rrЧ,angИs.apnSuO(o0og 
OO pS>n^bon force generavnu ansScrUu^ng caoalulmer 
[3 3.3vi.

Scventl °p nfot, studies ot1neutfЬndr emma’ 
|oS-36] Ш31т„,ап 1POtЗgl„1nveytaoPava Oemon- 
strated the feasibility of gene transfer to normal- 
ire the underlying dy^nctiynal medrsiusms and 
improve myocyte nddCdon OaabCUgpn; inodele rf 
phoogholemOao overscxpre.e1on have rhovm aOtPoeV 
Ca gemllnio^ prolonging Oa tranessolu dvo- 
mg relaxation, deceasing Ca release, and increasing
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intracellular resting Ca2+ concentrations, ultimately 

resulting in decreased contractile force and impaired 
relaxation [33,34,38]. In contrast, restoration of the 
SERCA2a/phospholn»aa. u_aho townd-orm V sse- 
tales the abpornialstieu nVCd handing EptS №
naencn ,,, failing myae-fetl[3.3S| Thein ho-mgs 
have also been desERnstrat/P ns h„™cardiao 
myocytes isolated ftonttbhLVs nfpahentt vaath end
stage CHF. Gene transfer of SERCA2a resulted m 
improvements in eonVraotllsay Sa a Ignel yansparable 
„ nnn-fnhfg heansasvtellasarestopamnofLVa 
transients „ systole and -Hole eytf. Fnnbefntore, 
gene transfer of anlisensa dlgonaednotaytp St phov 
pbolarnban results -f ат-апь-еР Ca Oooiwasara-
»«£myocyte tuna,tatllOy

These, к t’dTOfindmgstpavetepettdybeenadtandan 
by studies performad as eav.pus tnnval madet 
of decreased cardiac performance. Transgenic over
expression of SERCnTa lS9] anti ^М-апЬ» 
|33| have resulted io inupraaed stad worsened LV 
systolic and dmstode tanchoip saspeaneelyRssam 
gene transfer studied hiov enad^ demon
strated that ancrearang expression at SERCdda to 
tnhrbtnng express», ol payttptealt„nat,_ -sstoms 
eentneularllmchoneyd.tRar-oddfsuupidiilmdrtnssal 
models of dilated eusdtotnympatyy [ПА4е]. SSa, 
excibng approach fem геЯпппр PV ЛпуПпп amann 
clinical trails to demonstrate safety and efficacy prior 
to its expanded use ctae dumca. amon

Pan- 1--ARsagnahng...........................................
Hear, failure result, us Xia-rotot dsa-sgas car net- 
tam neurotransmitter and hormone receptors that 
result in alterations -ARsimnion-gontradion eon- 
pling nltrnrately coperibtaetgluoCHd. Оогеп8отсВ 
n, p-adrenergtc saunAmgu inda-icg p-AR rmnpc 
tor downregulations dp-tR -mendpittRi^ seuon^ 
messenger systems, anViiprecaautaosroVpoutyrnnsd 
(PARK1) have been deaopnstsaled gv -ryrnfivam 
components of heart failure [25,42,43]. In isolated 
ventricular myocyte, obErnsed fromarabbttmi-ccnl 
of heart failure, recerslngSha dedres-ad tivekof 
P-AR and elevated Cvds of - .tha I ta nosrnaA 
w„h adenoviral gene -dise-a fcnhed ino^dinoss 
of P-AR signaling [43|i a«nt.auRtom. P AR ooef- 
expression produced enhanced cardiac function m 
transgenie tniee [«]. w-ohi odea-сартю», py an 
mbibitot of p-ARKt ptetentad -be vi^khmauet <td 
cardiomyopathy m a mouse model of heart failure 

[45]. Similarly, adenoviral-mediated over-expression 
p-AR [45] or an inhibitor of [3-ARKS [dt-improved 
LV contractility. One mechanism for improved con- 
trayvauuaticen with P-AR rican-anon han is-ac.it 
cytosolic cAMR This could potentially be a double- 
adavd tAth as tab impvuvad eardoavtf^sntsoa end 
aidv^tedaafedsae mo-saldy Opp f>we„ ЛььауеП cuC 
-Поп-р suols as phenphndseetbrano mlntap-t lVat 
mcaeaee п-ОаееШагаРМР Vends |S7|.1daP0nlo„. 
mttcnfe snto GHF receaviog doantsOdaagoaifS 
Uresapy UaveoTertepeed ipsoaasad tonsPOttp [481 
Neaeshsplato, ttae dasa sopp-us hi-aher «aMp Ли
ата V deet-her Ле прРт.У mode .and stiding sh 
gona transfer of the h Ad ЦПет ei CHV, eo was its 
potential efficacy and safety.7] e <

st 1 a 1Adenylyl cyclase
Tire o^cmtban „famsaodhaiPcAMo. has. bcm 
tightly linked to excitation-contraction coupling m 
rnyodb-ex iyoi- ta a Are-genic „.odd of eardiomy- 
trvtgt-Ise^e.Tmesigin aS ade-W ^.^1 -ppe 
PO lnomascS_sdpm^oa„essЮcaИ^cen1amov- aanU 
o„yosoen oV furntcn W h-add-haPs аМа,-^^ 
msr,. delaesa rf dde„on,аos oo„eаnp„g_ааneoпlnt 
cs1alasetoaЛtI„Mouly^estiltaam1oanlaseaadent[ayS 
[ShcSast dtoearn co„1ddia„dtl„uula-ad пАИР^ 
Cm .ado rdsolsed rn a sustained „omnomdPV st EV 
eonVsaeOaaА1ClL Asmaotlo„eUaЬove[Suythaustatl- 
“ "о I'h""'"'' MeVala^ae[ Uieomsa1Vs.afeo.aS 
hUScsteo of tnnr^ttsguAMP temisfordte treairnem 
hPCHE

Ane^^^^otic signing
Apoptosis appears tolsa y miivsrsaa rngclraapfi dp 
sabsab огца,™ ehrnmafe damaged er unnecessary 
edlss li apoetoa Л.,Aapootoots ute ongonrgprocess 
os Uss OsVrno tart ЕР.ооГоопрРш Sf. fbe »uy de 
cDaeasdmdsaS seyoeshfOhenSiisdsire dcwntaoaad- 
der at taspsms a family rf i^o tlaoVaans,a.e 
паито^о sdarf rn spopttb- Tha pseomas as <da- 
Vdht ertarnsa oSW so aclhtpoptot,c PtaЮr.cats 
ptaoeot die opemng aS bse tnti-ashnndhC iransetsois 
petes Sta la.th^ytoenctmalf proapclnnaoooSns,s. 
chetses1ae Я-1.ad„,mtfSessd a fEshcsno, daftaieai 
edeapvlsa1 oeV» с™В1А.1.о Лatsal,igenee„so0- 
mg htvnyn ICt-2 mop ifahamaa-repytdsooas sahint 
mSditVs- .vprnadtaat rescved Лсщие тат
ар, ed btglter s^ttao АоЛсп. es Os 4. avtb V Adelo 
as weh as preservation of LV geometry with less
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ventricular dilation than the control rabbits (empty 
vector adeno null) [57].

ACE inhibition
ACE inhibitors have demonstrntid 52 immense 
benefit in the treatment of these patients. ACE is 
the same enzyme as fonanhnaknnu-degradatmg 
enzyme, therefore rnlcEtttnn ofACE not only moults 
,,, reduced angiotensin it kveHbuS .„to diet-eases 
burn breakdown resulting rn lezlg ryarsektrantvn ,,, 
the tissues. When krntn brndsto the Vrntn ferreep- 

activates second ntetsvrangrs tush an nttttc 
oxide/cGMP and pronaeydmeciWOOartenuiitmo the 
cascade of events th.st progtsnstnCHEAgntnet at. 
demonstrated that e,y,„tectmg adeutotwoo crnlcm- 
tng human „.sue kaUddyrngMe nl(Oertpeco„ScoloP 
a cytomegalovirus promoter m the tail vein of mice 
1 week alter Ml ptnootta pryes»» of hem tarluva 
by several mechamsmn g O„ ducrensmg rnyocm 
dial apoptosis dmongh tb Akt-mgdiated pathwry 
(2) improving endothelial function by reducing vas
cular resistance iucfewsugaVbloohabvgdCaritas 
n,t„c mode levels, and (3) ««„^30 typer
trophy and ^2x^008(000.00 denstty, 
cardiomyocyte stze.atsO EV rntcsnel (inosueSer LV3|.

Other intracellular abnorsnalitepc 
leading to heart failure
V2 vasopressin receptor
Systemic levels of argi„inevaso„resr(n (AVP) aa 
increased rn CHF, msVbnp ,„ msorunstnebon 
and reduced card,accoutmctthty ™ Vlvasoprcssm 
receptors. V2 vasoprcrem пс.ерГои (VORsl. winds 
promote activation of adenylyl cyclase, are physiolog
ically expressed oni. m tyg -nhsayiard s)e аЫсеГ 
m the myocardium; however, one could postu
late improved LV contprstil^^ty in acspoore So fsf p 
expresston tu the myocrrOxurn. Cons.stonS whO dnf 
hypothesis, adenoviral gene transfer of the V2R into 
myocardium improved guritac contmcl„tsn wtar 
stimulated witli l-dfammo-S(lC(arnrnlgepasopsegul 
(DDAVP) [54].

Despite significairf mnevernenrs rn one nora.- 
standtng of the moirguSar „ech™ rrspous-- 
Ые for decreased cmh.pneerfonnance m annuals 
and patients with CHh, иитсго» hns„las sernam 
before targeting thear pnthwayr out. gene Orato. 
fer contributes significantly to treatment of clinical 

populations with CHF, as well as expansion of their 
use to patients with ischemic cardiomyopathy.

franfferyorgnomltpcfor , _
Hepatocyte growth firetpr (HGF) wmsenSsabrnv at 
the myocardium m cardiomyopathic hamsters are 
decreased compared tonorrnal taukuatll weeks 
of age. The decrease m local HGF production m the 
my™»*™ might Hu raurnd gg гир*™ t et 
tmnsformrnE ^„ПгОтог^ (tGF-|5l, «ЫсЬат 
btown radnppgessHGUproducOs’d. lets pehiSkHri 
ЛЛап&Лпе.аггк^п^Г^ btdatlOrgvn 
„.«I,11,. HGf, a masetelr.giieJse.wd ai™Pt( 
fprSorlt known to regulate cell growth, motility, and 
""О1"™'0-"' of „morn а of sedsbct hints 
vlru,nve„ sS„w„ fo regsess fibrosss e morons nrrrtep 
modelsofhves and lung. Taniyama and cols proved 
Hsr Act basaugl.„e,,, auO mfiha„necetOeett on 
h.rnrhers fianrfectcd wideasi HGOsgcne. teGligftm 
ee Ht,hsot,p.sctor „gs1osоctad rn fi^ bgort uanrr- 
diontyopad,^c^ha„r^ervon» anr wenk (O limes la 
SotafaBlaad Few and capillary density were mea
sures mb f<sritsd to bamcseоsed,eno tfa fibrotic area 
was ecduaecl ia fae ITOF .го„p bey fas was o( ertivat- 
Ifg^eiui|i| [sol

geHaherapy fos OCiss 
tcea.vnent of CHF
The goal of cell-based therapies for the treatment 
of CHF, is not simclylo imprrae cyrfiorperform- 
ance through the optimization ofoardiaHmyocyte 
contractility, but rarnov resenaiheernn) of нуосп^- 
tllalfispnnel„to^wtherWdlffprv„ggtchcple^uost 
plоpse(loo lor the егукнотеиН nf sernrd t.ssoe 
wnthb™ts coil or sol sr„eufat,on nfetvesroetko 
ntygcRifoai hsue tetosish hhe,„tsnnuel,o„ at 
01nsrltthhfntstrm cdln 0x110.^, *.0x0 mats rval- 
raesniss tfta ttndnts, aub eSticaco oh antotogonsskekfri 
myeUkst trenspkntohph od pafienlsgos „п еР,ипЯ H 
fotpnary prtory bypass пррЙго„ (OAlSGShaveCleouh 
l56|nSlm„n,lsnme„eron,„da)aseh^^alcthafs^itstS^tf- 
ha oSftnryno «ЬетгеПеаП 0x^00*001(^X11- 
егоао(аи,оЬпнгс^тЬур,Ртаг„>о1-о^етиаОг|еа.5П|.
iPiaactu oen^a11156maseooЬ|hse.1stgo common 

place therapy, several scientific issues surrounding 
Ibis Лаару need de pe opfimkeU. ПРо-г- itpw1 
untzed lupus i-^sese Sistt eepacsiy to uneosppnetf 
into the recipient myocardium. In addition, these 
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cells must be able to survive, mature, and electro- 
mechanically couple with each other and the native 
myocardium, in order to decrease the arrhythmo- 
genre risk and optaa the nvernlt bennOt to vavdiae 
tact»,,. Several cell cc3,n. have been tn arabanrg 
aonsidared for sail foanoplrdbahnn, oPs parr-mdarst 
penod including digdreppatedcelbsuar ze trdd vnr- 
drac myocytes |59,60|. -Oslefat draoPdastr |dl4,3|. 
fibroblasts 64],andonctodlpnr^plpaerisn.P asd.iri 
a, stern cells I66.67 p.Cebtlrrpapynt or near the fines 
of Ml has been shewn O atto„5at6 yeiitnsnlar 
renrodehng foUo„t„b Ml by enge^p »» <bs 

myocardiumand шесаатгуепИспГагруаП 
thickness, and decreasing LV end-diastolic dimen- 
slon. However, the nMonote goal of Oils Легару to 
regenerate functional myocardium and its associated 
blood supply, appear at in men atOuppnbn oi.V tgn 
use of pluripotent stem cells mobilized from the bone 
marrow.

The use of differentsaped get |g 
for transplantation
The utility of differentirted cell transplantation as a 
means to Improve VTnrtcul» OneddtonfallnwingMd 
has been assessed tn sererafotudpesnstagvanons ani
mal models. These tehitypas mlnde dpllyd.fdotant,- 
ated cells, such as erngnlh rtihsdo cnPn, tibayblaeysi 
and skeletal muscle с* .,пь,.Л.1|1|1||,1 «„rnmod 
to differentiation aloggespec.flcdatlawan. anc„ r 
skeletal myoblasts. ТЫ valce yf ИегепПаГеЬ celP 
types arises out of thru пепааьПпРу^аЬепаЫПу 
tobeexpauded m iv too siiid pnlan tool Pci bsmuyaitpii 
ically altered prior to transplantation [20,21 ].

Cardiac myocytes .rd АЛЫ myohlacto 
irnttal studies assessed the feshc-bp of cellparns- 
plantation m normal hearts. The ability of both car
diac myocytes and skiielilmnobhcstt toengrskeaua 
surnve for at leas, nitrat mantlet han Cnon demon
strated when inyecaeh ,nrosyngnor,e mdncmdrnm 
159,681. However ПшаПешьС портОшеи..»*^ 
visualization of rnlarcakiteO diskst ttas nglybeed 
demonstrated m hrnrts IrnsplnrSart whtr Cdnt 
cardiomyocytes [60|.............................

Cell engrahnient „«-,1 -rf саЛпгпуоаик or 
skeletal myoblasts hw Пепси. dsmnnsdcCeh rchnn 
transplantation occgrs fweok following Ml, with 
evidence of improved ventstcuete Snncl.on iboa- 
sured by echocardiography at 1 month following

transplantation [69,70]. Similarly, other groups have 
demonstrated an improved LVhemndynamtccfal- 
lowing differentiated cell transplantation [63,71,72]. 
inlctssddgly. oo slgpinapinldifiibnmem functional 
unnsovrsnnnt was swosned Ьеишее foptspla,,- 
nrnon wade skeletaO imyoblestr and SePsl cenipac 
niltett^f81™1'......................................................
. Detgpte bay utility pl rovdon nryoegies rr rntegsab 
tod with nemae cargras myoertes .end appmrntmy 
heart function following MI, the limited availability 
.rl|lu,e.6И,....-yЫd•ll!,al..ltr.l.y.la.lfePtPsгl|w 
use of fetal tissues has essentially eliminated them 
b. ■.||..111,1п.|1 ppnsiddngPonnS nab terne. Incoatrasc hn 
egrnttPd mypyytrs, sbekrai тупЫ^к nsarntmn dreia 
tob“™ capacity !o oddidoiii when pronnbed 
bd n_sipyac tochas erdwn», agelersi тутЬксК mey 
’-.п"™ hading Pg she fwmadon ot naw mmole 
fiЬarseapaЬknta„O^ac1dig[Pd|.^ddmo„anycd^^ref 
css nimcle -grns^er a grerter ytstetanceto ^eynta 
Упрсс anrfaae rermclaane ^^1 wtfiwtand many 
Ьopfenf|lrd^em^ybnihpgt rusbeanig „absrsible 
tnttny 1741. Conpletl»Wtll,nlanccnrrlЬllllo indrat 
of handling .these proneagrsmhh „rave Cnpae,crone 
Ilseetal myoblasts es Усс n,f[arad0.eteh neh Пу|. cl 
choice for the treatment of CHF.

Pnoposodtnechanism gf octirn
Dig рсс-Пус gn the timmg оПсС iftnrcdtiah:l1cf II Chis- 
planlation relative to the MI, potential benefits 
c11 drfb^rrna11! cell transplantatlhamayinilude 
n^ae.anwgthemssdannьn.tcrml,nelle»nbn,Уlln 
rnhscardunm tb.ckaning of din mVntct zoere md 
«Kmartm pf pasfonsooti remodeling kcCing Sr 
imprOTedw.111 fores, rt,tlnthИcWarpfrfpnnlPnpe 
fnp-7У|.Thnd.the use of differentiated cells for the 
,[2Мтет rf Ischetmiln „eaat feaae ntaiy be n„fo 
beneficial when tryw^tavdshnhi carp occur widen, 
tbysrnw^nf Mlipr.OTfothed.wmn,ymeotsi0.ipn 
a Окат paChnlogic ventricular remodeling.

yidi,at|gncnf diffgannrioddеcelr 
acannlamafion
Saveed hmitations of differentiated cell transplan- 
temlie11 ndst nirfch „mpnedudenbe fpiefollhyof 
thsse enfis nnlnevrng dreirtlitmpetmc potential 
for the treatment of PHE Fmest, thfhanoeslntg anil 
expaddmg of oitese ceOlyiaer port fotrnaepptipayss 
tion requires 3-4 weeks. Thus, a potential candidate 
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would need to be identified early following a MI in 
order to prepare thecells for delivery and to realize 
the benefits of altered remodeling. Second, despite 
the improvements wWvuntricudr Ohnoionas ereenlt 
ot altered remodeling, Utoeeceu do hut tend to due 
regeneratrotu of blohd vesufle ot eardiar nuyotyue. 
I22.76.7SI Given theuehnhOvOmuntletsvarehfur a 
cell type that could „пртиге LV rysloltc PuiaUPU 
through the regeneektop „doettdtudt. as weli at 
reestablish local coronary 8]rG»on hulled тащ 
investigators to study the potential of autologous 
stem cells to regenerate myocardial tissue.

The potential for myoeaadOel cegenemfot, 
Recent studies have revealed the presence of pro
liferating myocytes tu humin hearisfoHuvm- MI 
|79] A plausible expttueatfon for thepracenceof 
proliferating myocytes m the human hearts is that 
the cells identified at eand.ac „dorytvs oteru V Ores 
proliferating and duOfepentAumep stern cuXy pep otigu 
nated from the bone marrow and were mobilized as 
par, of due natuuraltp „reurrnip repum ртиа0». TVu 
eeoluttoh ,,, dumkuuug Una ppaoinedgrutt intepesrm 
utilizing the plasticity of stem cells for the treatment 
of isduethtc hear, d^anit its thuiitferevdoui CHE

The widespread uglhueulrmrurroundlngehe cue 
of stem cells for thetzealmruu о1,гсГе„1е herul 
disease ,s based outliru епчиеЬ.окакНр  ̂. 
ert.es along wuth the„cauarui.lu ^1™ ml 
to regenerate tissue and organ systems [80-84]. 
Pertinent to this „efipm peuniafiuiru 4..,p «. 
enduyunsl and heineloppietia utenr rutl, pysrerr 
the ability to differentiate into cardiomyocytes 
185,861 and vascnlap stroefinep [84,87], .«ресЛау 
Moreover, recent stuOies Ince sPowu PvP pan of llue 
normal physiologic ppponee to MI n-oeiees mobi- 
hzatiou of stem cells tonnngoa Pleire.reiU_to 
the damaged „упемЛшп unddureesenieulKip of el 
least some of these rtv eelUs mfo caed.ac mooeyler 
[79,88,89]. Similarly, homing of stem cells ongmat- 
mg from transplant uer^lufo mnupr heenstas 
also been demonstrated IUViUnforaiuuiyeVu preienr 
data reveals that sKmciUeuvaPineut and dud- 
ferentiation into the essential components of func
tional myocardium, „tb. er.n.tpia, tud2*) аЫ 
endothehal cells (3.1%, is au inieepieenU vnu tU^Ji 
predudmg any „e^nunt^et eeoenoeutop oiTe dam
aged myocardium. Huweeee tie data euggeris UuV it 
this natural repair mechanism can be potentiated, 

clinically relevant myocardial regeneration may be 
achievable.

R„utea Pordepery _
Intramyocardial injection
T!po m^lauy unayreqvto fewer cells to achieve 
englo[t„tutco„paaaU tonttrctaronary or mtra- 
«„ouu rdmmmrahon. Tbere ,s one study that 
rertpree а cureeis rate of «% due V rnteaopeue-nu 
esU ppeUtpeeaPve nrks ateneiaUed vuP Uto caeOlat 
rmgeiy ]67]. „% mdec атрпУет ePac torgtto eon 
eaniettmus be «1 to map. Ti oyar„t.ned» 
oetttadua vpnp of „теии^Оуга nsv a piciuHiieouu 
cainetaribctod myocardieinr,ectton uppeeach oiilb 
the use of electromechanical mapping which can 
hdu to guide due cu.yeonwhem edn uvaired „nd 
viable myocardium is located [90].

e - • •rie-ciiccuioaeM^chaiu t

TTs ntidahuy na, dePuer Ve .nllhmvm concpeop- 
tion of cells to the site of the damaged myocardium, 
n i Ctewn tnat cel Is dlstributehoinogenonsly the 
mUaectzpuc mf»ntr»i tnnsitaniyoeard,a1iu)ect[nn 
ueUvels1auhsof ce„r nunUuim,makmulhisтте 
moue proprnsi to elictrcci „tpducpieiy IM]. The 
80^ id fins uiPecdenOuei и rorodinyfkiv 
,mpa,tuuot,eao^,yusarU,a1co6I1^ccn^l1 Upo hcev 
„on pnCqcmt.nt oVc-IT mfnuuO are noU wee deteio 
dio,ed.l,tcua1um hucen studies t%40 tu 1U cclOu 
have been used with good results. 

1 . . •1«t«uuoaurtoe®»n..........................................................
И umiaelical and less imuauie fiiau Coegceuunuiaih 
ities. A key element for success of this modality is the 
enduing УU1vi wbich can snrniitlmes benon-spechc 
Uteh1nn rullr tome m1ootherot6anStha„tav one 
lles,rua.Tl,1s route euemr tm.tluePeleas1alUu11rut 
detoeup youtdnd .mtney mqoirep cnlnsule^ivuey 
cn-vul.vuon passages epdelioru unnum ceOsfopoeUc 
late the damaged tissue [92].

Ahetlfon6ur stem ихП TlaneptontntiolU , .
Vne etoleimeP ted,mqueotPvoausI„g theplor.po- 
tent capacity of stem cells is to transplant these cells 
.io„.ti•!u.yeli1.olw. tAmtaahy.Tliisstrmecy ofdehveo- 
tVU stern cab offers severueadv^Ыurs.Spae[Uu ppe- 
ulations of stem cells can be isolated via the use of 
tow cytom «оу prior tu trncceplan иг0.. M™™ 
the number and timmg of cell delivery can be tailored 
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to the specific clinical situation. Notably, the efficacy 
of both hematopoietic and mesenchymal stem cell 
transplantation has been demonstrated for the treat- 
„ent of acute Ml [t6 6he9P91f Us,ng nolntudmet- 
endtytnal stem cells Lon-ila nd ml. demonstraKd ftnt 
transplanted cells еп^аЫПОееаеЫсакПп-Со 
cardiac tissue 3 „eektfcllo„n,g егооащшупзага, 
myocardial тщгу vv.-O |94l. tkm tmprorkment n, 
LV ftrncnon was ntreseea in r nrppornen dO the 
treated arnmals. In a9dmo„, it upepnaredkransplaMag 
ttcnnfthete stem ekk-nedmeed rng,ogknestsaa.thrn 
the injured myocardium.

Tire regenerative eanehtg wp bone-merrm,- 
derived stem cells waaclni denronstmlnd p, neannse 
Ml model [67| Deeper aanskantae.e.amf a spe
cific sub-populahon rf etnrn celts 0» ^, 9 trom
a mouse whose sells eezprem tgsrew__ fliiorsscktt 
protein uito the bordem zone rf an Ml 3-d le fol- 
lowmg left anterior eSnpanihnpaedsoh -LADg Ппш 
tion resulted m almost complete regeneration of the 
infarcted anterior Pitg. hontlwlent nod, rrzonnra- 
bon of functional myweardmmi neni,4ilaetrd heacla 
demonstrated ,mprooedlnr„odynalmgt»lntglo»er 
d,astolK pressure anti an enemnrsn torse. gcncrsb 
mg „parity d days ettcrMl como.csed wifficoamol 
"”al!|671- .........................................................

Expanding upon She shove rladirs, d^9c.acalte 
detected human Ch„e.ieearro»ede™0 109341 
hematopoietic stem cells nude rats 2 days following 
LAD ligation resultetnim voids nwl VV tenetim, |6C[. 
This may have resuleed horn em»,snd nehnamhba- 
izatmn of the .nfarelmneneel, a r(nkfficanlcthuc. 
hon 111 the amount rfsoiirtidanc et tee dVnakgveted 
rats. Notably, tins ftucSp ^^ernonvh^etea to aOmiyn- 
eirckladkg stern oelSsle home lothe mtn^clwaw. 
That stem cells can hnme И mna^ myneerdmm 
suggests the poss.hdely tot eta1,splspltedo^ofe-ent. 
cells may„olЬe„ecaeetdylЬnl tah^.h-olnnriO--mtrf 
endogenous stem cells could lead to the same effect.

Stem cell mobilizptioit
The potential effioacnom Vcna okl „оЬ-ИтШое .w e 
non-mvasive therapeutic strategy for the regenera- 
non of the kryooasdemn fclloomg Ml has been 
demonstrated 193 IMoVidvcd ЬьLe-enori»У,tmnt 
cells usmg Granulh^eyriь .OьnvЬang deedor 
(G-CSF),stem cell tachot, anO rpkeneaedma g™r to 
LAD hganon rented m -Ccor^a^d „tori one -ТЬТг 
and LV cavity dilation (26%). Ejection fraction and 

hemodynamics significantly improved as a conse
quence of the formation of newmyocytes anOvnncu- 
lature. Enthusiasm for this therapy must be tempered 
enetd el-erL malto ere reyohSmtd ps crnpcd alim- 
cally relevant situation such as following MI and 
rnml vl.m np.ttes урет^ can te „me d-ok-tedm 
Си"-»».,^- adamonal prelcУmcal modeld.

la eddmoneo G-CSO.lhe бРсоК rfoSOc eadoi^e- 
поьс (8гу»П, factaceS aitd eMgenouin (пО™, 
nshac) mediators пк-Сш сеИ пееШпаСгоп era 
mvdomm in„e erihepe. hoc eGinpie, VMLF 
еПок1пЯгеМоо has teen rinndn1rirntni to neoht- 
dee СОИТЬе-таИпо-еек skne sete m931.
SnkrerlsllWyoShe peek m Che midtber sed CD34+ 
cells released from mhe hone merit, foS^- 
mg Cdi correlate sastl, " P„- m plnerne VEGm 
hvbninm tu^„sndnlnl „„otton nC^k.Srndmny- 
З-псеЛЛЦикг- ... to,el,,,e th CHMG Io^I геПпс- 
narr sgdnlntdtfslalms) theanpy enduaee Пет veil 
lhnblhtntlon |96|. Tftes findmp сока! offes one 
pormnal medeemsni m eeOhh pdfra. csamreceive 
eaolyЬenefltsofЯa0nd,emlsn■mlned^aSdyfonndln,g 
Ml. Steditlystahn tnetapy nr patients eslh .ndsh 
cwronary eh^ duvnen (CAklhasbeen о1„»п 9v 
cughceneme lend rfrirridaCLg endon,hlaeprogenl- 
Юг caUsne parents rhh pnkancod ЛпсГопогР aetecly 
[97]. Despite the encouragmg results revealed m the 
ere-to ktoCA enhanted nar^kVcv of L.a kafcsychd 
efficacy of various stem tsellhlnblЬcaUwlseee„nques 
steedo to m oh-»»a berorelh,st(kranyeui bachrne 
п,б1Н1у. tent™ pot,see ,ent.l tO|^Cdh^ rhe 
pH mcreasiwa rhe niLnhao nL 6lrcnltOnnkrogemtnr 
Vbiariihianiniteir rnlrethes weneehfoopLmize the 
^eghteaelnt0l■lp^tnorthon4melhmeVЧret crgen 
hriLasr, ntobiaenig. stem rnhy.^ldle zhd.napneaa. 
era, seem csO moЬtnzet,o„Lsr the eeswnnentron nC 
deneegen „ooeardnin, ccdeelv lhents(on-nd nf «- 
n,ohcseutaredtЛernlsn.........................................
i ft os „,««1 (o oo(c drat thm stndses tn dak 
Conn.ihgLfVOT cell denteplgntatldn am „о^а- 
Imn a.ss (he neaOyentttt ^„,0 tear, disease 
hatk teen linnled to lie mtenftcootePC-ntd end 
leave unanswered dsa pnestiLn okefficaen ,. 9. 
CHF population. Stem cell mobilization is obvi- 
outlh lO.-hs..lll,.. ,le6c of rhe smS thm-pte nndat 
smOni henct see епСптацС n1twerrle„nmg rf lOc 
mмhanlr„t reived ,n nnbh(aadoP( imming mt 
hemn daws to ^eloraak atid dcfferevtieLoie of 
these cells is imperative. The time course and
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(a) (b) (c)

Figure 15.2 Improved myocardial perfusion of infarcted anterior wall 3 months after intracoronary cell transplantation 
subsequent to an acute anterior wall infarction detected by 201thallium scintigraphy. The images on the left (a, d, sagit
tal) and in the middle (b, e) show the long axis, whereas those on the right (c, f, frontal) show the short axis of the heart, 
Initially the anterior wall, with green-colored apical and anterior regions, had reduced myocardial perfusion (a, b, c). 
Three months after cell transplantatipnved smmeanteri oewall, now yellowid aolor, sevsnled msinnhfi aftti mtrovemnnt 
in myocardial perfusioa(d,e,O.A.....  enwrtisenOtet (Satire: [9t]).

level of expression ofttee mtgntlingpathwtys invoked 
in the above procesnomwouldaloo nsedtt beboAter 
outlined, mainly since it appears that stem cell horn- 
mg to damaged myoeardiumoepuas for ohilyghmle 
period following MI [98]. In addition, which spe- 
eifie sub-populations of teodie-maryowLsderwyedstens 
cells may be better suited for therapy m specific sit
uations, such as acme Ml verey. amrontc ischerntc 
heart disease needs to be evaluated.

Clinical experienwwimh stusp, cpels , _
Пае translation of these rmcegtag dsenpieo Lc 
pre-clinical promise to clinical reality is still m 
its infancy Howevcp nhe fexpihility ofstem eeh 
transplantation, vtn percuCaneorv deireery or detect 
rntechou during hype-s susgery, iaes eecevtly host, 
demonstrated in a arnnbar of stales in patrocL. 
with ischemic heart disease [58,90,91,99]. A Phase 1 
trial in ten patientr nLshiil daysov MI suggasleu 

lbt mtracoaonasy dnhvery of Srnne-maerowtd.^nkgd 
mononooleatceOxresoIOedoi improv9d LV contrac
tility (Figure 15.2(a) and (b)) and improved perfu- 
try (Hfa-e -0.2(c) red (aerc of thamfarct -onoi»! 
nogavdrognpon theae Vhuc.nermuL reul ddnnifd- 
etr.edd ihrtmtaororniry delioiry of Cngr bone- 
“"■пГП andpanphcrel ГгГ^ rnngonttofen 
Л rrrcPted ,,, impsonnd dusono) LV tachoii 
(y^gme-lddletad (Ы) nrrt ynibihty (Henm (5.3 r- 
a„n MS) nalta Ml пПаггО -one g9S|, SmaC.er 
rmnrcvenrrnd rn LV pertarnn and tacVoio hash 
а1ю been seen with Oithct myocardial inirrttoangiOrer 
percutaneously or surgically, of bone-marrow cells m 
pahents »tth stable nsshernm wsean disve^ Luria 
etPobthnp fre elmtcalprisihPityor bpraiinng (ifcer 
eefla for the tronm.enl cC.gsa maanfaratcthfcrf L 
aSSfLOl. Moss impstaillynot only was ftodtfcltPy 
domonatrarod, erfetywrs alsoreye.rledasvo rnto- 
ward effects were experienced m any of these studies.
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(b) LV-angiography (RAO follow-up)(a) LV-angiography (RAO initial)

(c) FDG-PET bulls-eye (initial) (d) FDG-PET bulls-eye (follow-up)

Figure 15.3 Left ventriculogram before 
injection of circulating blood-derived pro
genitor cells (a: left panels) and at 4 
months follow-up (b: right panels). The fig
ures (c) and (d), corresponUrei5o FDtf-PET 
bulls-eye views of the in oC tOn oftiecu 
depicted in figures (a) gon tO).
LAD: left anterior desceoning artow- 
LCX: left circumflex arteeg; cnddCA: rioht 
coronary artery (Sourcb: [gie).

Detection and imaging techniques
For labeling in animal experiments, retroviral trans
duction with a marker gene or labeling with thymi
dine or bromodeoxyurtdme One been need. t

Several medrods have bosi used Po dxbec, men 
dansplanredceUs.CduCtiomwgnemmarknagenmraga 
mg (МИ has been uned os ЛоеПо mesraaudyntad 
stem cells by magueticsdy labePpgdse sen of mtnnest. 
It also adows to assessuhestnetrftlrencacbon ,т»пП 
as the targets [100 1U1], Mtothno tedninqus to iden- 
dfy these cells has benr, stmttbrapOg Seetsal nsodiU 
have used human endothelial progenitor cells labeled 
with 111 -indium oxinswiaisuccess.se^].

Side effects
It is difficult to assess the clinical onfetyot these 
interventions since animal studies are short term 
nidhuman studies havehen scan, In number. 
A potenttaSpsoblem of esrnc undhforsnttatnd ceUs 
tslhut nnnlmmd stern ynua rnry drtgerentptoe roUn 
gUrobda® „thet than nuypsyter peoducrng oross 
eras fonneadon resAltmgm worsoomp myucasdud 
coossascionand propanone for crodeac nrrhcdmnas 
llPPl. TbemOs can also donsa neSe nOlser tissnen 
bltn lungs,lipnr.bram.auh spanoosher urgmsshush 
nun O—tn p JJimao Thsy ra„hooermrothc 
regenerating myocardium and result m non-cardiac 
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tissues hindering its effect. It is proven that endothe
lial progenitor cells ar^d mHtipotentidult progeni
tor cells can incorporate into tumors (specifically in 
the angiogenic vaseuSsstusesndem)g^ef

Up to now, thereto been no .egsiOnearit acme 
toxicity when autologous or allogenic mesenchy
mal stem cells are imectedinhumon beings.

Combined gene trnnofea andcell 
therapy for the treatment of CHF ma

As demonstrated above, gene transfer as a thera
peutic modality forthetreateidtitefeiyocarnial 
ischemia and/or inOarctionhasboenproposedasa 
revolutionary approach w .„ртоуе aeoatog gh
etto™, enhance „gocardmO еааЬЙПу, opPernre -iw 
PeaPng process, a„S pottnt.ahe eestnre the fatdog 
heart However, direct gene transfer tn-p ntfencfed 
myocardiuni, wlnleЬtlngOfen)Pi)feestЫetpprnachi 
is limited by low transfection efficiency and a vig
orous inflammatory nenporee to the curreg) vec
tors available for thnioal etft |Ю4]. Apot.tWd 
significant advancement cntild tn 1Pw eomhrtotnh of 
gene transfer and cell transplantation. Such protocols 
would involve engineering adis mo root-- sdtible fact 
tors p„or to transphahtaotn,. ta-fe omtole-ito-an 
cells being expanded n entasra tn))htt befeanrdeOcd 
with already establnhtd e„el «tors Осп) encode 
growth factors or eoeiaipe опоП on VPGS on eNOS. 
Add,t,onal,„oleou^olsse.attg,asxttnhеeе_th РаПапа1- 
oped and stndied beWoet bent-ebly Si-beppee relenint 
transcription factors eodint-aeeslntao епртеарр. 
terns [105-1071. Wtth ПпппрргпюОи we .hntdd If 
able to (,) nnnlnnzetdeleosetf1flemmalуnУ eelportne, 
(11) know exactly „bids cehs у Un sectors -tO 
interest, ■■■) avoid Cwsafecditin of <Wep cdt tapps. 
and (iv be able to stattin (i) ttnusientlyexpnaie Hn 
■"oleculesolinterest ...............................................

Support for fins apysoacP ttf nenthining roll emd 
gene therapy are ЯиЛе ЛаГ hevnsgoh„ti^-enclcnnl 
myoblasts stably transfected with expression vec
tors encoding genem st ddferM Masfidp ТСРР-1 
or VEGF have been successfully engrafted into the 
myocardium nil О..-n land to „-»«„taleetion 
|20,10S|.I„addmoo.naug0eei.sresrehtseediigacyf1e 
cell transplantation using skplntel тп)ЫаоВ shabl- 
transfected »„P VEWn-t-5, E wee) foPown,g eyn- 
„„игу and dernonstrMedenI)iineel_ то^аик™- 
tion within the damaged myocardium [21]. Using 

an ischemic cardiomyopathy model, we recently 
demonstrated that the transplantation of skeletal 
myoblasts transfected with an adenovirus encoding 
УБРас-ШетроНе! su sifmOwntly greaew and-npnne 
cnearndг_гьгп)П^ eO OW )uoctin„ -Pai- cpOter dneit 
AdsdOGF-tlin ЩесИопо- sketafes tnyobfri u™- 
plautatton alone |g21.Desp,tethee ignnduragmg 
“*■№1 evesnsattoo oP di,- dengner cd) 
ehit-weP B p-cessne gnfose 651,<„no,e )1«o ttoay 
Oeattam^y„toli,aahp^iaeana.

n. a .-artFuture directions
ПОе fasrdecade h asteenaeeonlo-ion input mg-ar- 
srottdlng oP the patliophysiology of cardiovascular 
diseases ranging fromUooertensivc hoart disease 
to 1^ poo- „опару ..„„.ное.pndCHE Tins 
nnderr1andmg, rauplrh widh оуссрУ пгсрЬпр пОПг 
0«enc wdaiPid an enhanced иаскгаУспетр of cch 
lular cardiomyoplasty, has paved the way for novel 
сЬетретт tcgd„Чag-ynoh ae yepe Uamder „P cell 
Ппеаруп, nhoteye сктеаС renhet,■^tephan»,ng 
e^ rn animal „Ehdp п-ппр -08пгРс-М1рпгЛ- 
must be overcome before these techniques become 
4f„0calty„tganmgfoleop^|t,eitrs„nhq-teE ,

0“^™^ for '-Hl «ьпИ en„wpdupsly oean
rr, Ep _P^gehtit^hmufd«tyhee_onWopltуe1otnpo of 
the <Sweate yrooessos sesul-mgi,) WHE Asdenion- 
Пгееп, n, i1^oven^sousrofУ| уРсгс^нЬпо E,e 
o„<terinofg oc^n-hbyehcdecoe СещРсаИОСГ t))a 
innebon «niton sotrntrntinoesfC to
tacFthi and.uhinsafely, chmctl onteonte. Ou the 
oOeec hanei tergetntoo.etculor тПегагЛоПспо yeftp 
peodttecn ntaypova 0«nVionh rn -« CHF. 
ТС,о апеест neuld cooseSavoreЫe EW гепиОуЕпп 
fofiowspp mya„dр1lescPahm anal hearers-, lacd- 
igO to попрев EV tnedion Wyrpite Peeraavd ora- 
diac myocyte number [109-111]. Additionally, the 
aiming of g-de feanseyp fenat W be uledfed ip arfc 
hip гОхг-Ругсру to or^гenhenСphae pglrEbal. Gene 
transfer late following an MI, once irreversible 
damage to 0^ 1.V mhloe-ednnht to da-en „1рпРг 
eoordrnnue 0^^»™ рОПег^ „еГеЬпРг 
exd confearole „,cci,asrns„,Sn „УрЬоРгоп of )„. 
toes rar homing and eaderept,atiop of emctiktbEe 
right eeih. TP^emaietretEit ЮаО nnttgrentoee 
eriis can engm^ and „npeovc hmctiw, ор^ follow- 
negan Mtandtot eSen, cePe,m„ actoelle rryener- 
ate functional myocardium has set the stage for 
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future treatment of CHF. However, many signifi
cant challenges remain.

Integral to assessing the quality of cell therapy with 
cy without сопсошрнлс gene taao  ̂wptiCa foe do.- 
,cal sector „Jlbeanon-.chas.e.ngede^^ijtquant.fy- 

cell engraftment .a,-. CeUerrgranroentqtas ty 
be determined rn on sir .op. ltn1hlr and todate, 
quamifying engraftment reornres be dtnonbn eqeo, 
ment. Furthermore nttdmtnal ar expetnnerrta 1 retn 
tern for the quantification of cell engraftment m a 
human population exitte. As wn Pagm to plarr te tatt 
the efficacy of autologous cell transplantation m elm- 
leal populations, harieg the abtlm. to caerotato aho 
level of cell e,,graftmeet wtthclrnroat enteorne will 
likely decrease die nenrhrtot paXento oequrted at 
clinical trial, and further our assessment of the bene
fits of this strategy.

Conclusions
Despite the significant achievements in the area of 
gene transfer and cell therapy over the past decade, 
numerous hurdles stibeoiUtobeovercome before 
these techniques cat contribute артПаапИс to dor 
therapy for СНЕ Сатрапа^ tednder hmaotoos 
rnaruly as an mrportaxt tooltontnesunderat^e,d toe 
processes that reanlSm and „exeetrin CHd. CxIO 
based therapies may facilitate myocardial regenera- 
don. therapies the, cnoU „Moto,,,., omrenl 
nrrderstandrng, approach, and prareetosts ltd CHE 
The eucunragnag excaeidoce-toCate raoih<imgce„E 
bined gene transfer uni erh hae,-h1anSarton pttrnde 
a new paradigm for fnteae anuthta However, funker 
improvements m technique as well as expansion into 
larger annual ntodelsneCHFmetnmeepnhenlbtfora 
drese techniques bcaonrr mndhrgEe?еapXo„slnous 
armamentarium to wкeheeElemlmЬlhsSm end mor- 
tahty of this ever increasingly prevalent syndrome.
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И16 issAPT En cardiothoracic 
medicine
Katrina A. Bramstedt

Introduction
The current technological offerings of both cardi
ology and cardiothoracic surgery provide numer
ous benefits to heartfoilurupatients, yet they are 
no, without dtoiol^reskuSonte tedmolcsfe. Ifapr 
the potential for ithtoalddktnntasdrate tUteer 
soaraty. matert* and rnedhk, forexanth^e. Ftetupa 
technologies pose possWiabencfitthan makes dm- 
td trial participateeer entenmg for pat.entr »Л 
untreatable heart aclrrey yd, the nncdrmpten of 
these experimental technologies raises ethical con
cerns. The next seations desc-ibeandanalyzepn- 
ethical dilemmas ааипайеПуРЬерттп1 tod tang 

technology 111 lipbldPthegonlr pi medicine 
and clinical research.

Heart transplantation
Organ donation
A glance at the United Network for Organ Sharing 
(UNOS) web page (eaw.uaos.rrg)prrvfdea viti- 
tors with statistical molghtmtvtrrasvt.rntabon and 
organ donation. Tresding nftheUneapt donation 
data finds a eons,stent shotSfaPotospans.avaddhie 
forpatientson the heart trmsntaittwaidmgeirl.t1sa 
estimated that whtlr anproenntaldy ThdO ртПеМа 
аге„ат„8ГогаЬеаг1т.ЬеипП«1_П1Меа,оеП.а200 
hearts aredonatedf.eh,naar.anhdae/p ePihorreie.t- 
nrg for a heart welldth bahotagMtmg p nradsplam 
|1 . Wink it ts true rPatmansihroplirefaiiathniya 
advance consent fop then ооппт-Го be n-nh for 
transplant in the evens rdfoctr nratV. olOershorevs 
tins advance crmeenthW it p ova rnddan bmnm, Ip 
members at the time of death [2]. It is estimated 

that yearly, 11,000 people die as potential organ 
donors and consent for organ donation is obtained 
for less than half of these individuals [3].

While organ procurement orgtrniootd-ns ope rapt 
obi,gated to accept hne отггпк , тлеШе. oh 
fcar ofomgmon by Pennlyntemlters. d newponcapt 
rrefi^s^ndmllrOT,sent(TpЫrld 1) ipadUvemaev- 
eral spate-including Colorado, Ohio, Pennsylvania, 
andViggin1! |p). Undgh this pten, pns id^dud’o 
adduce decntoii tohe anorpanngons nrespnokd 
"““P ““ dr“^>Pa»staal_dtnged001S. Cngrncmh 
theselnn. work ann,<hv.dunsn ]ag«c„,g then 
Orrnerpnae tn Пп an organ donor at their State Motor 
tnip'rln RepirfiM,on РппШСУ1 Thu . dm00™ 
ртЛтпее,1 negisk-ph та штроко aifo also tn 
nnc mn„ndua1p veh.rk hpnip e hcenne ТПпгсрпро 
k^ ndcllt.tdlplll ,v makp a forhtalded,S,nn foaep- 
ry ..■ „dinprn c fog syrrprn, .pndnn ndhe 
nonalpernttsstonfonp tdepaOdateЙlntg.egtorsPr’hl 
or estate ts reqrnreP for pqda„plnoueemn„lthЬe 
pursued rn the ease saP repo skied „У™1ппР. -bene

COIsII. 1-nmmary opttratpgi entaip cinelc1>rops 
donation.

• Educate the public about the continuing organ shortfall
• Educate nhe public aabutthie osuan doyatfotatogess
1 'Tins^iLon cpnsent"
^Prnss mediaaient"
• 4aymcpttt>eorgans (vetueahicalleprbblematit)
i HpeniniirKentwes for oruandtnodonle.abtottribuoion 

SрwarPipnnlalexp ens“F)
1Сопо1(?1у1г111п™/ ard
• "Give-receive bundle" 
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programs are very new in the United States thus it 
is too soon to tell i29hey ане ePfectivem increasing 
organ donation; nonetheless, these plans do respect 
the autonomy of rntligiamalsin thatthwr thoRo 
about organ donakao wtlfba retpeeted tntdnot 
overridden by otherfwlrnafenbelo diffeteu-vahieu.

Other methods of attempting to increase organ 
donation include edticatunn aampmgnni bv bultov, 
organ procurement ongdaatboiniindn spedirl .mer
est groups, m general, dti fovusof fbese erlucf- 
bonal efforts is to aodghfdt peopkragardenf the 
organ donation prniesfa„ndo-bm,ktheibhZhsof 
both donation and transplantation. Public concerns 
include the fear than ghyncuirn ogdl da kdsЛ|ev 
then medical best 00,0100010^ utobtwOhng 
to donate their orgrns; ОурЬоРО ba Oesdeehppa- 
maturely so that orpcrn.cm tie retnutedr and the 
body will be mublakd ЛееЛ^о^гае fetnovallO k 
These fears can only OslellaysUЛroUglfedue■atton 
of the public as to ehaoaethOag oUorgap donelion. 
thus it is ethically irnpayawe shae eCssseeduaoutmaf 
efforts continue..........................................................

Presumed consent luamotbrec-soedtod pcnpomod 
for increasing organ OonaUoo.Ttonghnotnsed us 
the United States, some countries such as Belgium 
and Spam employ apa-o ссшпОсппопь1 follcydta 
organ donation in whanmOnddnalsatefnonifee 
to opt-out of organ donation in advance, or be pre- 
.timed to have opteibm рпспгЛпе to dmP<efcumed 
Consent Fou„dannneIdo.|PSeer,Y^fle.deeAt,ahe 
opt-out rate is approimnafsuy St nae ппитР1е.орп18 
presumed consent pehay |Uh AsoscOmp Ac Oata 
presented at the XIX International Congress of the 
Thtmpfnnrannn Sufesy unit Ле naournewhh Л% 
htghest pet capita oraau hmuatcon rabes nt tine world 
are Spam, Austria, and Belgium (all operating under 
presumed consent pohde-) While Spain's donur 
rate is 32.5 donors per million, the US donation 
rate Is 21.4 donors pgr million fpi. Fsbrn B-e elheu( 
perspective, presumed consent forces individuals 
to make a choice or be eecsumed По have made w 
dmicc Some peopk may „t>4 want io thrnk ahout 
then future death rad then. ewotd ncek-og a dvp.- 
sion about organ donation. When these people die, 
then “decision- not go make a thomr reell eoulf me 
choice being fcrceO vpontusemimsutnly, Лер tnvf 
be considered to here ppKn-mSpedoostlt„OecaUde 
they did no, make adhd“ca before dpolh to opt-tud 
This can be viewed by some as ethically problematic.

Presumed consent would be more ethically palat
able if the following measures were in place:
1 the individual’s identifying information and their 

ool-huldec,slo„n,pst0oeeaareldf-dree|yИreaa-
. hb leeeatslЫe whur vetddhi ..............................
n doonmcnlcnon 1 Ла opS-ootdac,tlonsPpuPt

be abk tu lee made ПоарсоаеааЛаП te oonpkencd 
e"^1" for Prose who oray keek-den-tans to 
ntateolthsmselrn at n desegnakd dgn, dacrudmg 
facility;

e bdrms p_ gocumenkO ерт-оЛ decisiop the 
patternefCimly shnnldbeooetacScdM о-Лср 
information on possible verbal expressions made 
icy tha patiunt With regayd ■ oot wantm. to be 

1
. “omandonmt...........................................................

P she pubhc ^uld its edocakOgegaryie-g aSn 
poke-aged pfocedш■esodpreshmsd consentptmn 
rneymds Ла, facdnakawpkspfsad d.stnbnbon 
ottha tnOormatio„ uv e uyanntu tOat is a-a nt 
“"ртеО^..................................................................

S,lnanalcSm<^en^sfotvadn.li^dantn(e.gcЛidetal 
ropuntocuumbutiourn cum pnviewedes pthtehn 
peodkntiehoand tf is onal^tdot these measures 
«опеОтсггаапоггипОппоПрпЛ, S.»-™,, 
tary assoc,anon maycat- n llsgstsoefhantdoo 
-mntahanlmcfcme rndhate the etfeceoS deernas- 
rngdonacivo id). ndOkUmCaVSnUeMdeOanonal 
Ocuati Ttanpttat tat tfdhctas the tele m tna- 
et-aseof l.em.o <)e^^ [7f mreom^ ath,^euhsai1u 
todacointiOaafce _pet,tSlde endasanch, Лаута 
g,nev da yctiavk waadpuf repuitemenf nt papmayi. 
Payment and financial incentives could be viewed 
ss t^inuun ^ olftditm of oiuco f^ntinn - 
anaa1eadneee^hddЬdЛeUSdOddto. .
। Ohane utdaa opnanp StlevPKhaalnhdsd■ctt^.d <ф> 
dtrnautrn ат,(П com„adltdnd„ nu<a «) Ле цус- 
■Moduud1d. lu kOStcCheUmtedSfctatHnute of 
Rcitresu-tw^ye^d Seeiits т-апПпгрО tda СПРоР 
Life Congressional Medal Act S. 325/H. R. 708 for 
sonslderaaupp. «s -eeisladop would^k ucon1- 
meniotatnie OaonzR nra-Ottohonororgern О-посу 
auOhthd <m™orS.fci,atoe Ptitt.ehaar- .a,d lutg- 
teeotepOhse snroeon, dasone nd Thu auPeopo The 
ttfogmm taaCengn етепРпоЛге.ап! VtetrtOute fh<a 
rnsdulsis ydouad lobu ealfcsupponma sOndUgh 
mornePk donam,„sl■pdlsa1tfOidv|lmdto!OeCore 
tho Seeoele Oenkrne Hhuemg. and UrtnasdUacac 
СтптИке dth the Home Comments os tnengy 
and Commerce. Such a medal would represent a 
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non-financial acknowledgement of the donor’s gen
erosity to society. Further, this form of thanks does 
not jeopardize the altruistic nature of organ dona- 
t,o„ and thus „ouinireebne.alhi aeknowibdg. _

The give-receive bundle polyy, alho called 
reciprocal-duties [nhwoalO operste by rvay of bae 
concept that those „tlhngto recetveanotg.anaot 
transplant should also he „dln-g И donabr trrgaui 
for transplant The argtinrantus duttutnetdruiiy 
oneself as willing to take from the donor organ pool 
should require the „cipigianl obllgadon of reglsfor- 
tug oneself as a poteetsel regal donor. Transplant 
eligibility is thus banOled neeW ngn donnt slss ua 
Ethical arguments aarinst tlrurappreacli include 
the fact that there may be people who are morally 
opposed to being an nrgan 1Пг1..ь bud yet nol 
opposed to receiviEg an allogrsSS le.g. thnss „he 
believe then body mnetbs Sully inreetsOer Пеа-О). 
The question hecoinei sl-onlO dur rpaauil n.lo. 
(„Inch may seen, „lahonrlliysonrelbeab speeted 
as is done for certain religious values that seem to 
conflict „1th the loom -v „redacind- Also she.e s., 
be those „ho are phnnianllyonaOls to Oe anoeban 
donor hut suitable asau Olog-ahracpient Ornbione 
wsth the give-receive buusUn pnliny wall alia 1 anal 
by transplant surgednsuilin ennau„relnaSlaotn„ho 
have refused to eutarhod^lnrb on die dontn tags 
«ry and yet present as gm at eeanЛdatedror Oraia- 
plantation. These surgeons will likely feel obligated 
fo offer beneficent „ermine Oo„ay obis ollogneO 
without regard to the patient s donor status.

Heart transplan.aObdon 
and the elderly
Alternate recipient list1
Due to the ongoingsliortfdlof plloarafts, some 
hospitals have engaoed thh strategy'll' an alter
nate recipient list (AKh) Orsa heorr SppnrolteiSatfon. 
ye, examination of d-esa сп-сопг brta aiosta is 
no, enough to риПО igs use aa en nturreO psnehes. 
Specifically, issues гпсс-гЮгГ ~bg ags ar a Lanaplant 
eligibihty сиегюп neest Xa urpOsrab (Tibia 16.20.

An ART for haarisrgnaolanse0o„tn„et,oh- by 
attempting to match donor organs for which the

Portions reprinted bypermission,frym[en]©e001 Umieaaity 
of Otago.

Table 16.2 Ethical issues with marginal hearts and ARL.

• Inability to predict lifespan of marginal hearts
• Clinical issues with marginal hearts (e.g., increased 

ischemit Ппо,погопаьуа 1e2 Etsecai,reducwdejmcargn 
.гаШоа)

• Allowing oldeipatientsab reyeivehearttransplantation 
snlerdeethe poo I ©• patienas waitingformheast 
transpirn^ potrntiallyafftctingthe waitnngtimet of 
dy^ aatfents

• Giving marginal heartAlivsteagofttandaenh evrtt)to 
older people can be vitwedas ehtslistr im inatioa

• Determining the donotageart off formarymalliearts 
w-hs11 rta^and hearts

a l^m.ranhiartamaу bGwasgamafeon usetabytha ekaerO

long-term out.ome Me ualosoetes wtah ^ecitfentt 
wh°‘e-e sidaaly Generally, these patients are over 
ere .У. howenes age criteria vary among transplant 
ecrura. The me od in Sesm .aOtehinOi car cnen 
„,Лlne„oSlo„ally changel аоиоп. oOorgant Лс! 
are defective or recipients who are second class . 
Thl-a peiceuudoiis am Ooth „ЛогЛ. e°n mom 
cueasai Ogyrne alloeatadtlmtsgiian акеапак list 
proe sm-uy those lor „h,ch d-ylong-rlr„cl„nnel 
,....« aro^rO^ due to benaOSee eud. at 
mcraapddonybgetoa proenaeotcoronery rneao 
Wreaseiptokiogedgnahoiim; Лпп, elegaSencantsnl 
u.,™^ elevated inotrona egpneucrl and 
rennredeiece„„ traahoo teDeta Onnt sl„ien drat 
tOase tienaOkedo not llecl.r.i^e.1,„npasSs1ar islm 
cally significant negative impact on the short- or 
,.igl^lbh^-ag„o »tcnotet og redpanki v.a de, nhey 
hgnUSoanty unpact a^echdo ia.dcooo, iln asnnrberof 
rejection episodes, or Пуп ^engrhnS portaSranrylim 
hospitalization when compared to standard donor 
heart tra„splantatfop_ fly,ni|. Ho„aaly.ЬeagnSa 
ARLs have been used m only a few transplant cen
ters for approx,„„Oi1 b i.a.aci, Ле fon^e-» otct- 
comeoftl,^esetra „aplarst. rs b« Opsonei, .

Tlrata А01 Ьmnraposls оЬпСПегОоппг beaut. 
t-an™imnd «—„пи-у аагеауагаеат [ld| »i-oro- 
s6cn eaucu .13], No1elicenCe-e eeaeiaice similes 
atOasnsalenes,s_ results .and al nraybe dial Sh,a,s 
„lated e6 „amides suahns пар» aeaeaunro. donor/ 
cealplenaпlkraeeenmg, donor recipient viral screen- 
lng.an16l2)^m,ososllc-atacve ee^.u. Some oldes 
he artraSraeeidence chronotropic incompetence after 
imaSanSatinnaod retire placemantofavacama]gae
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for treatment of the conduction abnormality [14]. 
The combination 29ртsitivAanEnegative clinical 
findings (some treatable or screenable), as well as 
a„ unclear long-term outcome, erehte. .eurnqpe 
d,lemma rn detetrnrntng me entepiafoaeecp.ent 
select,on. Some have mageattd demon teelmr, bait 
ancmg the resulting risk with the risk of dying with
out a bean transplant |1S1 _

■nreUntverstty ofCaltirrnia.lmtAnpelssrsoneof 
the largest volume neeregfntaegmelhearts о oltht 
rec,p,e„ts. repurtrnpe 4^ surneval u-78*. They 
report no signtficarrtdrOference early marnilitp
or actuarial surv.velhenrveeu pahautsondha OUT 
and pattents on the stanOatd reahiuglrst 4-yO.The 
University of Padova, Italy reports a 4-year survival 
ol 81% for older paeipnlt meelvlng a mareruae e,e.,al 
and 80% for older pad cuts rets ,enf„ rrnn-margm.al 
hearts |16|. lnteriietsonal tramplnomnonreeaaey 
data (1991-1997) indicates a 4-year survival rate of 
6S% for patients rntofoing a meeomaP heart .tat. 
Several centers report thaf the use oS staudaeU hearts 
and marginal hearts lutn „h9sh-h,9,7,)fm0na„tdnTer- 
e„oe»,thregardStodgmeidanceneeoelelvnnsphuЛ 
acute rejection or infection, however, older recipi- 
cuts are „„re hkelyto die pg „forth» or maPgnam 
drsease. Many aides paWntir. recesnuga maioshaS 
heart have shown sigmSdrm todu-menmahees Nipi 
York Heart Association (NYHA) score that can be 
correlated to an .тртоутО qM^yof lye (QOg) dea 
to less pan, and mne „„ПАуЛт aen
facthtatemdepeudeneellUal......................................

Accepting that Леа, marornal haaatr mernhead 
chmcallyerfeonve(w,de^ral,n„nSpre-„>,plen^An 
revascuLarizatioii) «could ha ргоЫетаПспое to 
use them due to the frotfida1the1r „П^ГпО ЛпшЛ 
(though possibly tmse lamaSed, ivdlbe drrcandeh 
along wrth the urges. Paohrng Utiphrer tt cutdd eiso 
be problematic to give a marginal heart to a patient 
who would opt,many benefit irorn i ton^-i™ 
implant due to then aut.cinafod Me expeclanay 
Whde each pluente_lafe spgnit спЬ^п baeausa 
humans can ЛеогИ.еуЛу hue at aati 1»..* at as 
nonetheless eas.ly poaad ehas hid potential чиаму 
of years remaining for ayииnepantontsgraatea1han 
that remaining foa ehakleriyperson.If lheee os «4 
sou to beheve that 1pnu«eroe teaueelauef o„tro„are 
ought be reduced »,a,„aro„alheaatr, ebeptheae 
organs should be offered to a patient pool that 
includes those of advan ced age aslhey .111 vs a sUe case 

span of life ahead of them as part of their baseline 
presentation. Patients, who are likely candidates for 
a long-term result, should be in line for a long-term 
-0.11 .red 1rau.plaunco.tme anon heme И aUfual 
fitau POP enlny ctahrnean №огпгЫ.Г1У. еиП 
susvivaf Orta ,n garnedwhrte mmgShesepsutoiixtk

There is no discrimination against the poten- 
lea! .hUrty mdplanfo nr Prey .oe orfeum
ГРг1 iatihtheghotefthalganea the „0^,110011* 
syrau eielch. An ARI. alloaatiou rfm^cgn aespecPs a 
patients capacity to hbuotit from ГгаиауПаиМгои 
regarUkffoSPmr aghiprenputs thahtsoarn иЛспЫс 
onteat. end uheraiasepmtams P^nfiplentrniPb 
oлe.!t%,yare»^«d«ru<nef^daa„n,оyef^saaaУiUyr.. 
Rereeamt alletnate saeio.enfs „„ka use ati beasts 
that will go to waste if not used by those on the stan- 
daep ntt. И an» them n chance hvyy aaofod Ль- 
wire uofSraya .«cause itren- age аиПииааисаОп seta 
Piarnasidefrorn the StatuelUNOhthi., .

la limit oSeth,os1tsch„oIohn sfe„eaashlp1 „0 
Пгп stsuafiiie and hrnetattt nl an ARh.rt epheeas 
that age-based exclusions to transplantation are 
“п"’'- y Is. sarnm™, »ЫаП „sane ruth 
auexs1hslenhnnecersary (Plelitab1hSythde1es1mne 
eaeh n«enaaaiaecte1e„1 a 1* epau, fite 0-1»^ 
diminution of capacity to benefit toward the end of 
e„ eUealy pal^fis Irfe whey th-o Гт „hmcel 
endemiae -eefoas on elavated nuagacal slabs. Off 
апаУпЬтпа.!,-maegmalnsganstyalwaigo nssused 
р-ЬпрЬсеут pahanc. whta от mrssistaMyouiadsad 
roepe1eda1a1 leug-teaan bupnumnat am Paa sagaa eo- 
seasswluphrendee egefoЬeоad ailego-icat hinbt 
utseeir^oe1. t ant her m shad aOmefoitg fiauinPante - 
tion age based, using capacity to benefit (with the 
oeetm ии^ „.р,-еае Vianioei. eore m oRne ms 
et^amaud 1reeauSe at Uefihes -1,^*1- at o amm 
erЫaeaay ley el. Л the Claodand Clmic, ain«il. 
not used; however, a patients age value is not a 
rigin ст™ for ЬорП fi^suspleul сиЛЬтс . 

o _CieneheSиtnm wili ba those oehr «margoa 
^htf pnodnamsare ethlsarSy riawOlemme U,ieauea 
»hhe phheрSiЛ^ ahowrne rиiш.hdшf dngrdrintn foe 
life etdaeat irnd reduces ^-0 «агице. team у и о 
к-..ti.east uteAimsm a.™ the fiaeaectiae 
eamamesfo рта foOheseaad1ttn„ae uerypalptooef 
dures (and their related medical expenses). The 
numneree-.erietric patienSaece-iving еЬ-иГапепв- 
nlante1 pureurg eaay -yam ■„p0! УУР таркА .p 
2003, up from 104 recipients m 1993. It is unknown 



Ethical issues in cardiothoracic medicine 293

how many clinically eligible patients are not placed 
on this waiting list due to hospitals deterring 
patients from transplantation based on age value 
alone; however, the stOmaD acnptrnee usC APTs 
could change practice patterns.

Retransplantation
For a small perceti tagu dt hearttransplaetaatienS., 
chronic rejection or primary graft failure can lead 
to the consideratioRof retrnssplantation.Onproxi- 
„rately 50 heart traFtpttrm.nta^reen-atetfaria n, 
the Regratry at the tattrrtateoeal grna«pfihHyittte 
and Lung Transplantation arrehatiighttls elS|.Л, 
the Cleveland Clinic, 13 patients (out of 1002) have 
been retransplantem .htae dye Intrpdonof aha 
bean transplant ptoneananu lOSl.Atthangn Paet, 
numbers are small, the ethical complexities of 
retransplantation loon, tage. Ar allagiafts are ttate 

it is ethteeity impar.ahna taatloeate them 
fairly. RetransplaMahon re adutethy probtamtat 
because it allows sooae nahentslore^^eim tnuthple 
heart transplants while others are still waiting for 
their fits, one. Futlber concm, a adda. whan 
patient s non-compliance is determined to be con- 
tributary to primary gruff ten'calios1. ^ _ ,

Some have argunt tbil « ,t аЛ.саПп. itrekeand 
that some pademstnayracaeva „mtapterelm,re
plants wink others eemwatd ittdeetthtt, alloomft 
[19]. However, allografts are not off-the-shelf 
spare body parts to aeanhtite питостИ0'. Tip ки^С 
distribution of auyhnnW reeontea would ,iio 
dude multiple dtstrsbuhownis Ле seme ,« 
while excluding othate tnbo tafe equaC or ,«.. 
capacity to benefit from that particular resource. 
Tins does not mean abac eetaautplaalaelnu it ппусг 
iuehhed; however, sedriCiaphusSatioit no n рпаеЛе 
should follow eth,cat aaccddhnen , ,

It has been shown ntetwdt o^^D tn peimary 
bean transplants, рае-Иаиепкт „o„-co„,phat,ee 
can predict post-transplant non-compliance [20]. 
11 is al“> Р“‘Ые theirsou-cympBagiee p^ts 
primary heart drausnlaelateen wilt also расПа, you- 
comphauce with ,0^4,1™»., ahhoogia three 
is no published data to this effect. As non-compliance 
can impact post-traoeplam QOt. пгРппоПпЫу |he 1, 
ethical stewardship th tesoureci whiOaipre-
elude retransplantation in non-comphant patients 
due to the potentialfoauatsent-indpcedneeativr 

outcomes. Participating in transplantation means 
more than receiving an orgEn. ТЬесаткае dutyto 
provide beneficent medicine has a co-joined patient 
у'4™”™- to be aotihOanp with menlcen rega 
mens that are critical to the efficacy of the technol- 
ogt. Tda esdiuit retpt„»Pphn i nveona ofratpM 
1рп oihtm who .« also»eih„n andni ateOoftae 
technology, and out of respect for the personnel 
resources needed to Implnmanr Ле urАуоГоп0 TIt
doctor-patient relationship is a partnership requir- 
iug both the doctor о„0 Oto sehaM It do fwa taf 
ami nhyt^rttlЛouliltor be DIdoeplweteopoOiDl. 
lahuetepnt.pt^ohta OeeoowD terllthtencympP- 
ante [22l.Pleysac,a„raac„ndnrtootal^tprobno.^^ 
to provide tdh».pt«1eandii inpaneuls who репр- 
еЛпеЛет^ pntlteie ttaoeolools with nop- 
“"^“[«ЬеР™™.

, AlsocndeeS to Ле ™р1 eafatrntlten letrane- 
П1уп™оо,‘i the d's'zzi' rf_PUnccal dhtnoy. Tda 
laagneaaaednactetratsolani.ahniieiLdy to-date con- 
clhod thai ret^spknletneu at а О,*» meOtirt- 
aedure.ihap primary aeoaydl„tniк,ht eopeeiaCly 
when dno eloh«da»tebetwepn iia„ri>tathi_is a 
motets no tens R3C.Uhie.tntiy otedDmaPthetotnS 
hete^aounaa onaety Uet Heart oesO dung Pranaa 
planlsiloittUNOS degnrtry date from 50O cardioo 
teteossplant offleuk anS7-19a8[a3,d concluSed 
Лоо поИш.рП.М papantn free senstn, itau ote- 
rn„y MtHitatt patiautt anduheotehd^ln haoa a 
greades „cadence oteanal aPyrfittnil„„ (^kblyiSsbe 
to their increased time on cyclosporin therapy). 
Otile retaeuenkmahau due .у amanaac alrnesart 
vilnpainy la ulmae! ral^secrpoiaelnngtlrfa 
nffenntaritleici^lattnuou. Dae in the poorer oa,e- 
eomse uf reteca,spla„t.eho11 it can Dap atn„eU tlatt 
paamtte awaiting than Uatt tallogrnit slnenlV „eave 
pnamy aeopraft atocaOmieA1to,tlylte1Pastm^! Due 
their first transplant should not have to compete 
ir.a-la n»0* who 001 a|tsatiyeilitarie„ctnihta 
Dheninoy Р-ioo^i М„ар1етаОи„. Otgeat deehpeii 
by these primary waiting patients should then be 
neleoo,! lo.yЛe„1s ^УПОЛЦ sdNnnpSenadoni 
ЛDa-hm,llsЛo^siha_nrenr тааитаРПааПг foe 
еееоатркстаигп [СЦ.ЛаЛоиеО иЬпаиу соуРпо- 
versial, marginal hearts could be used as allografts 
top aedmnsplantatton o. ie egpears ..nil, fegfeho 
dalnthat pahcnd oneconiaswonldbebedkr matotaU 
to organs with potentially shorter lifespans (see 
abaaaismtU'oa, eARLte.
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Transplantation in HIV 
positive patients
“Nothing short of unbelievable” and “medically 
unjustifiable” were 19t0commonttto the ooncevt 
of organ transplantaticnmeumanimmcnodefi- 
deney v„, positive (HIV+) paVcefos |CS|. Snnhrr

“ also held bynumcrons organ tranvpOmt 
coordinators [26].Whigalha Anrencen Menhecl 
Association (AMA) Tgru. .tpsnnetlnciV fore 
physician to refuse to treat an HIV+ patient solely 
becanse the pat,ent ss aeropositsve [27],and UNOS 
pohcy does not perrncv HSV Tatna alone as u case- 
goncal exdusron cr.teacontdrtranspSanSanon Р»]. 
to onr knowledge onia Cwn UPhospttcrc pvrfvrn, 
heart transplantation for HIV+ patients; namely, 
The Cleveland Clinsc.tyid Colnotd.e PsatVntes.ap 
Medical Center (New York, NY). As far as we know, 
only three heart trssuepfonh Snmetao Pyvfonned 
„the United StaUsen )«■««" fot whan, Chvrc 
HIV status was knownto hhUdnsPte eV thv trrnehf 
transplant [29-ЗЦ. Thecetssvebeen older acccria 
wind, heart transplanis bane lees pecfvrinua ed 
patients who were co, known Kbe^SVd- vrterlv 
transplantation ant suhraqum р^МгаечеОигГ 
serology indicated pssnive raaCiniT ^enherdere tr 
perroperatntelyacqueredHtVoe VerfdoeenroHins 
seropositivity pnoc hi bUe advsvl o1 HIV trctrng) 
[32'331- ......................................................................

As a result of highly active antiretroviral ther
apy (HAART), H!V+ ptidvB rue fernntae^ 
and with less comorbidity [34]. Nonetheless, many 
arguments against orran transpkuttalind hr HCV+ 
Patten's have been madt ]ГП]. ntdHong; « pnc 
tease „fob,tor theacey erey rncrepse rheraek for 
coronary heart disease and myocardial infarction; 
(2) cardiac surgerymuy acceseeaee thepsodressinu 
from HIV to acquirpS n„nid„odetie)eepp aУ„Psamc 
(AIDS); (3) ^ansp)entrenud■ea netcm„ossll,lrrec 
s,onmaУn,creaseЛe„dsoemfecnnemHlVO„)l),- 
viduals; (4) snrvtvat emPecand QOS trreybe luwee 
for H1V+ transplant pst.ent. red rfoss notthe 
best allocation ofsedme altdgr)HCS IU t sheared ef 

HIV transmission to the snrgisalteent c^eenoQ 
tusfrly organ franavtarn™ „ H!V+patients; 
(6)HIV+n,d,v,dualSlCre„1tt„,hscUy„ost^,y^faat 
organ transplant; (C) .Ule.g PtVO „rVivtducls ns 
the organ transplant ceartrng SsT cnhS CuraTea veil 
the pool of those waiting for an organ and thus

Table 16.3 Ethical issues in transplantation of 
HIV+ patients.

• Possible negative cardiovascular effects of protease 
inhibitor therapy

• Transplantation poseibVy ipareertng the progression of 
HIV to AIDS

„ lemppe,ufs>reasion poosiblyi ncrgasivg •taier'^oks>^ 
infertioe in eIV+ patients

c PossiPlelve/er QOL •ndlifespanofHIV+ tibnsplane 
recioiente

t OistoSCIVricnsmissiooOo traeuplsntseam
e Pfe moral "worthiness" gc ioIV +patienps
t Glvinf organs to HIV+ patienes mwenriQOe anV- feSienfs 

weiteTgcvrerateir transits
• Organ donation may deckease ifHIV+matientsare 

allowed to receive tsantelonts 

lenpCUch cUe waiting tirnesfor peopleontfc list 
who are HIV negative; and (8) organ donation
тауРеагеа  ̂HIV+ individuals are allowed to
vecetie organ tranrudarts isuievary presented rn
TebleS6.P).
s Wi)g regard И protoase nrfoUitoc „posena ," 
larecsv meey so-daif coirvlndnd then the „(к of 
coronary heart disease was associated with dura- 
Uvil,-.llTlUtri^,!,ll * * * s„„iite.Olel!elUtee)elel.Cep 

art Гааи™)» ааспсааПат weh „уо"^ тГиго 
),o„ ICbl.EHcrson «Л fotlawed 19H1„+ valienfr 
var cnaveeagctf 3C vsovdrs vcidarenrdrhavtSeeeru 
no conclusive eУ.dnnae Hdt msd^aa evrerervccecd 

HW seto MDC [32]. Regevdrng travsvke" 
eequired mтau«sup^prnsr,enrse^arзlsfrstheshode 
cunduded drnl wlchtlresapyduesnh"mfseasa rust 
„pvTPCrcfo ЧГeсSnnlscc „fedrnnp tn rnahg) 
saecn rnHtV+ pa),e„ts|3P.P9LRsgardnfh d,c 
C^evelantl Cfot.cs Vdhtse "1 2-ycur !ИШ0 1г<н^- 
fr.p„rp^lan^atv>„Ahf drwdov„vvt vr ^10™ nf 
opportunistic infection has been negative, and he 
cscntfohcefor^k huMdin ahd nxeicis1 regulacky 
|mЧsVllsUu,»nh mtond to cdvrтkd>fHUU vronr- 
inscon И С" ™JIuUIcci„. fh)Srlae,sSu„er ah.ee 
itarsaftr»vV^em-rvrgeds^anSvvсer„ ofhroeUSi" 
C cs™ nvd cd^ [«rentonra fte^deusht epvvder 
upon 140].

TPr eveCcn vcl cm fГ!1|dll.ill, ase more «calc 
H nddusc irncause «focal dlk„duaSuregnnerally 
not solved via empirical methods. In addressing the
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ethically problematic nature of organ transplants 
in HIV+ patients, beneficence requires that the 
clinical good that can be provided be maximized; 
while „o™lfeasanccriyuProb hmt da™ to eke 
paoent be ntmtnuzonf. IntPce „quote. that puhent. 
be treated fatrly willrottf pckoaenae fdaporneoPr 
social or eponomiw dotea, to- exautpte. Ulruq, the 
argument that HIV+ pattentaert ent haotaltywor- 
thy of a hear, trannutau, ur att .uppnrtatl by Ura 
p„„c,ple of justice, HIV rfrdkdkt no, uaoat. 
pond to the morality of an individual. Clearly, any 
patient behavior that ahm consotomtsrogao dtogtak 
should he screened for dunttg ahe Ursatuplant patient 
selecnon process; fowreio, hnemtrtnaU).i,xdodo4, 
HIV+ patients do no, acnutnphth Stif dak !. 
drer a categorical rnuSumn nt hear attorn demes 
H1V+ patients the nUunteo at f tberapecke, „Га™™ 
tion which could bring them clinical benefit.

ridding HIV+ pctSantc to the.las.it. tnansomat 
wan,ng list will aclari swft rha nioaadhtaseewrnlc 
rng pool of pahenttn Powevat l.rchrng dahm drat 
heart transplantation rr ant rhmeaftt uacce»f^t 
rn H1V+ patients, lltereisnopthieaaiuappeaftcrt 
for banning tins group tad patuntr horn die. Pel. 
Transplant lists are cotrontlg rwePet onthpataents 
who are d,abet,e. ageH.and nbanot» well ar those 
with pr.or alcohol and foO.eceo use, that Uheta n no 
ethical,usurpation Paa h colegsospth exdnatou el 
HIV+ i nd, a duals eckst scaeope datonnmeaa Ohs 
iithcant correlation Ьeh,fa1tHIdsctogoa<tau,ty sod 
post-transplant „nrhichty. ftt tad anoclSrOSn 
Exannnmg morbiHIn, QOL aaU pftretadry. uad 
deteraitnaig that traurnhentfationeauOeniPt eyfirot 
pnate HIV+ pahehtr ,t «Ьке, еиейпаПоп Qo 
making such technology available to these patients 
through the wahinghm ртахеи. events agOorake 
cannot be allocated to everyone on the waiting hst 
due to the ongoing etaaa cPnttftld Thus gait, nun 
„on warranted alflnreartystegeoa henitPons- 
plantation m HIV+ patients. The Cleveland Clinic 
believes careful pat,™, scledOnt and споНсогО 
data mon,M™g araomunPoO . ,

In response to ЛоаРОШпеургОпрtfttt ttans- 
plautahon HIV+ patients teOS eestht true deesettie 
rn organ dollatlOll,ehrflesplaolaPga.There it no 
indication that liver donation is lower than it could 
be due to the preaanoa olmcoorring akoMpm on 
the UNOS liver Paotplantwantrnohst. ПшпМу, 
there is no indication that lung donation is lower 

than it could be due to the presence of former 
tobacco users on the UNOE lung ranncpl.antwatt- 
ing list. Even if such data did exist, it would not 
CoatfOr Орьупоо tratcpncutalheu to p.aakntt .agced 
n,g up a ptoa- and noststmnspl.ant cegtrnenthnt 
fOl^kextk„eLЙdttc. that Р.рпЛсапСи iettprrd- 
“""““t'"1 PanspSOnaaaasno. Ос 10ооп1.оО1 vahO 
^,4^1. .ay.nintt heft, Peoaplfutattoo if 
HOV+gatienes must he batad rra еОпоаГ «cdcuce 
khts suds s psoceduse is ааитЬсаМ^у ifst egeaOve 
m HIV+ patients in terms of post-transplant mor- 
limy QOp. and mcetalrgy. AMekngh rihksdro 
оопВоо»ооО .^шОсат ааогГП Ueusndas 
atogcattr aorHaV+prhtnts ^tteуdetеtnlmeh that 
nattett tnotomoswnu<d he Qnu toaLhrf tt> oro.ans 
with potentially shorter lifespans (see above section, 
■МУТ tsg< № the ora or ntarglta.hearts 
through an ARE does not foster arbitrary categorical 
“s о11 «so ■"""'иг- d«..аие^11 а,ео« petkretr 
hue have because ths Rlloeatrnu fS organs „ bared 
onea^^wms cao.ncty tobeaaht dona she 
transplant.

Xenotraicoplanhatton
Xenotsanaotantation harase-apecies transplantation) 
“j.km “ “» l"-11- » bridge or
«esPnciioo thernpXentkra.nsmftresaamohas 
gseu snorosanmt,ve_a,„aethe aatgdoa boOnnati,^ 
human transplant at Loma Linda University Medical 
Center .Udri. a 19M [«U.maea.eh ha fWsa.ea l.a, 
ttul edatsdr and nether has ths пЬка. uosuall tn 
аОа.Ро„,о Pae teohneeareharkngea(e.g.,m)en,oar 
zentaanna), thoae ,e asaota rangs era iflnccl opnuptr 
rmnaPmg Pte „hoktonraoxeoaMtuceantrrtioc. 
nhte^ertt„glhaO.e rea<attr,O>l vicwsc sudtas еР,., 
eanainepoann.as^kottentdonotseeineo platernOt» 
dc.cute denieetme oh itnnoal hscue Pct sePtan ho Pae 
use of whole organs for transplant [42], although 
vta" '“a ari'ei|P"Co 1aPmeieOyr s..y uat of «пОпоо. 
tuceen rornaaeUe^ Pcunpp or ofdeswisc [«..mtanit 
„tai moleinkr.oelle, end Pisoss ore eorrauPy enash 
forUnman thervy,anmsipranecre t.seoa.tnlfosoLd 
to aeaU>atn a артеЛе епекОета, sc ethearrl dktoCs 
Pou allowing ammmesU auh t.ssne РапарПатаРпи, 
and d,taUo»o,g whokasormanttaurplaneaLonitOite 
nehta eomaUp, ^eoohf dkrmp thetina attaOole- 
orpautsansplauk, yetnaigwmatcarnplanta ofeoamd^ 
cells and tissues (such as heart valves) is arbitrary. If

the.las.it
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xenotransplantation becomes clinical reality, one 
could argue that using оnCy atiim;il cells and tissues, 
and not using whole organs is potentially wasteful 
of medical resource . . . .

The use of uou-traudgarnu amrnals preseufafim 
d,lemma of hyperacute ^ectfonwhowerer.trans- 
genic animals maybe able to address this challenge. 
Companies such ° Baxter (Prmoctom NeC eird 
Alexron PharmaceutraBsOdhenrCpfrce atirrnaoty 
have porcine breednegfertffBtrtr'Brh they ppoSuuu 
animals, „Inch have b„U,lied genomes „tended 
to reduce the r,sk of cornpltrnma tPUtternon and 
xenorejection when theoegcht fee fcnnrpBntcd 
into humans. In 1991. p,gs m which dee mlpha 1,3 
galactosyl transferal guu hah been brockd pB 
„ere bom, preventing Pa nSdinmn of nlplra U J 
galactose to the ceU.nrfem (which 9oulP mgjer 
an immune responra „ilrnmaernkadmgrphyhau. 
acute rejection of Umeispltyted oeganc or neltt) |UU|. 
Theoretically, transgarno rnarnpuhettonwenld per 
vtde a predictable auc.lmBBeeof arganr hirnemarc- 
tully selected smgketram oOp.gr, inUdre human 
allografts where аутПеЫщ „ Inrnrednndettddee, 
and matching rarely perfect.

Ш terms of hurnvn yenpdesund татреШт, of 
thehuman genomelnlsшlentrsnsfflyll1ways0hcnr- 
rect a defect (with rdu mmr at cntrng orpmaeutrng 
disease). With regard to the genetic manipulation of 
anrnials, the focus is geneBd. necf,Bв.nhfmepr ol a 
healthy genome he ЛгиПРкг mtshp theeremre no 

detects to be cored on rri^ted ee theaymtiet.Pul 
rather the anrnral ,s beBgrnhPtfkdror hnnftm not. 
Whether nianipulabita dot .ивеаи .твоте to пшс as 
prevent disease, or uhfpept.lfinng eet ammaigeBCPie 
to enhance th eunhmhrokms t1rrmdt,emyu1f 
of both tecbnologtw he h11rmatc1etlrerapaШ,c b„ 
the ability of both tsfhnotugifr И primaCe elnncal 
therapy is directly related to the ethical principle of 
beneficence [45|..................................................................

W„h thetechnolhpyotxenyfmnshliankboyrtill 
emerging, the risk tbhuenan mSfellh„elaгuom^s 
,s unclear. EndogenocaraeKdaruses in porome tis
sue have shown the спранОу to ткаЬпгпаи aclls 
,,, wtrn |46[ ,w,th tlrePaodand ^regAnrnhdarmmf 
(FDA) „,„„„8 1111,™ КЯту ondnnptsnus- 
plaut recipients 47|. tnaPdtnbO th tda „„..ЬШ 
risk ofaiiimal-to-hunian ,nf6]fio„.therF irelsoUhD 
posable risk of human-to-humac mfadntB. poreh 
the route of infection also currently unknown. Not 

only could the transplant recipient be risking infec
tion, but he/she might also be risking infection to 
the immediate family, and possibly even society 
at large. Here the l0аhdndon hPee cwitadas frtetf 
’““I rd ^t,ae.Alodg„/rh10„1r„lгrlnn the 
0o1rlЬkUnlfnfiB to opg«B, Uta hblrmla» to peo- 
tect society from the spread of infection cannot be 
„l„eren.la pgnllicant acyeioaee re,urnee are sscnvrdi 
b“ „ta,dedbed„eon bnf ПетрОат сотпгтгад 
would nr lactbe ooea tnntporrny .„ЬПаешЬ^ 
ogy woBd mc^e h.crmtul tn boCt thepanfmaad 
oVwrr-dsprmЛ„txeltprra1Чtl1l»tcOolfanelaal0■ 
impermissible.

D„h Ct fi,e undeUtnmyabk tteoea1 Asm dp ayk 
malt, ,1 ic uorahft,t to utetBs ccncxpC as.cn 
argument against utilizing animals for medical 
Ваару ewnlfit mmaers „oohfyud| therm gcyonie. 
NonontkleeГl«И irnpnatant Пре^^е1а„to mada an 
"П “п''’”™ „s t•B^1coto8tag as tday d1otnklo. 
Emyrgeng ^_h^lolttfe need tmrrgeut «Ва al evel 
uuhon,as„e1e„valuaUonn1rneolortmynketplnfse 
in order to ensure an appropriate balance of risks 
cny beyeUteSy both втеИпМп „1 рткпк ere Oe|>flf g 
a nsym

CellUaansplan0ut1on 
and gene therapy
mal| trauoylc„tat,o„ has been posed as a potent,al 
adjunctive treatmect forheartfailure.Thetheory 
nfthie edpcmnentul eecOmolrgyistiiaUinfarction 
start1ssne fan be enveated„ehceUsЮenUarrf1o„i 
tashis to Site ma, ue „catthe a cellukco rfalfhkltp 
ргеупМтгр™оп yf 0П1„ЬрП тЦаа „eatofаnr^ 
frrehdmB htfi^e dearas of „tda„tP bear, tn„rt,hn 
|0nmCymЬmur^ekУfr1arlnuttatnsp„nr, gena,Uofrs 
apylrаebclm„) rney hlso be » орь™ for ПалН 
fahul■ml^hrapy.......................................................

Лrefetdгrll^s[4e„cЧlmngrgcnttpl,tlSy,rheаaarn 
many unknowns including the optimal type of cell 
por vee1rd1eo1efno„. Uy „.[„а Jwh.rf the edb. 
the dosage of cells, and fite 0lm1,gercaU„1fllsptrntao 
rю„„l^_rгao1ea tm^hlKr onrrt. ernbry-
yrnt trnd rnrrУe1r^s ren,a„ea„aally г»„11П1№1Гп»1 
nttc ease1rfproЛer thuned foMtnUes.Cгlttd»scn 
" b™ “ yoobfataBo1i etotayttd ria tr fo 
AUmt rPe aC tumor fns1„m„on|5aa.
P-,c туипуеве» of hee шсгЬ п- г-11 Pelnnd■y eboyU 
be reflected upon m light of the possible need for
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multiple transplants. Cell transplantation dosage can 
potentially facilitate arrhythmias, possibly generat
ing the need for automated cardioverter defibrillator 
taplanation [51|. meohrnqueann enhance celleur- 
vival and optimize dose volume could be beneficial to 
reducing the numbpr uh henneplnnt s«„i reared 
foreadrclnucaleffiompt _ _ ,

The highly complex nnenrerf crietrrn.plnmrn- 
hon technology pusreutlncaldiknmbri ttt hranreol 
dtntcnl trial design reraarcl, rnhiert selcet»» and 
„formed consent. ТЬтпсккуеУ of tmrohnicaHsiet 
should reflect upon rlh number oP Sonny „tee- 
ventions required forrenecrda .пГ,едП, flacked of 
“““ of the ntodrrf ctfl deteery, link peer- 
.rbrhty of cell prnlakerotnini ar teolP trr hire „ok fl 
arrhythmias, hr an ddnhitnfacihlalceooiprehension 
arid informed decsinvitnakrnt;. One yemoepottesr. 
should involve the explanatmn ttf oett trrnsolanln- 
hen technology in a,niehnmnhar inrrnntnensurm 
wrth the educedo„ale„„Koknnlngicatr-kh,s0oa- 
„„„oteachreseardysotuccn. у ,

Although ourre„tblennk„mtecta„ neked»apy 
for the treatment of oopsOps ПпоПпгОоп mey репее 
safe and effective uptlnn>^^pletlalnrlkdl„,c^n trr- 
ak. Hypotheses pose genelhenapy era eernedy for 
abnormalities m calcium homeostasis [52], derange- 
rneuts in |3.adre„eannc agnafinm .31 аМоа  ̂
cell apoptosis |34|.GeHe ehercpy,ea1ScposeP re 
’ mechanism to ЬпЛПоИ eyoca«nltdenmcphmrcm 
|55|. As gene thera^yiheitgerimennil сГИпт gannC 
„ time, there are „la„yeoehto„„S5 4spec„llykl,ln 
regard tn ,de„t,f,oa1mmokanprmehu.tagenaneЯnrs 
methods of gene delivery, asrueP an errning с„Г 
frequency of gene delivery. Issues of host immune 
response and nrutagenmh are „ifleem as „„danrri 
by the death of a tesmiryh euhtnet спсоПсЬ in a studf 
of gene tr ansfer psrtlalotutthmaisr„oessЬa„yo 
lase deficiency UH In Пуп anudmreacicsohera dis
covered that some side effects of therapy were not 
predicted by рге-сЫссГ d,onetal.r„n rntnetj 
of the ttnncty were ntH psrport.dua] In hkr veo- 
Mrd“e'................................................................................

As with cell tranen1rntailoc, nrelngUn compkx 
nature of gene therapy technology poses ethical 
dilemmas in terms of clmKx iriel f cci'ga, eeeeareh 
subject selection and „formed censcur. gna rtud- 
,es usrng gene ddieaeo mafl1cnr tied air aen»« 
and require generalanmmaala(egk rhhraoolomy)l 
placebo controls are ethically inappropriate due to

the level of risk. Risk level should also be reflected 
upon in terms of the numbeE ofdosingitltaea'cпtiollr 
required for research subjects, and the possibility 
1htalsпanc1hlerymelhon,„ettenposRro„.m1enkaO 
«ths gene anoptsnaeher. у , q

foafafr them is hnnird data ora nrfkrnitflinon- 
rynlforcardo.c^„efleempп1yetlneh1hhhlsmn„nn 

kfpcalnntuac t gene ah„^apn СгпспПП cnrnpkttity 
1nrhs0l1nm„llrfoЬeumng hints tnf<mlnedren- 
seut for trial partioitialtnu. f moan s slndt, <1- neheuh 
ctMudasaboul gene tae^apo lor randan 4^ 
mand 10пгО70По( ООорпmtcmmwAt tcea notable 
fo irnttatsananae Sasic prmcapPas of eanalhrrrny 
inn fMoat of atae tnhoeedudc weee alden ПспР m 
сппО arc as, cud wtoSe used ncalet aptnpaaedfo 
ihoserahn scettt aЫeSonпdnean.п hbef.c prnrcsplee 
of arm *1^. AcdOcdnM tn сП ЯudUllп0iOl0nats 
had vinous 0hmepnlahzat1nns al gencr mctndmoi 
hm snpreshmg fo dOiUflh deninf i thao eonraha 

tht„gso nr tenth parnrcrry t m,portrnt forges» shpi 
and annyamad еитсий»! can „nhdtOe «Юек 
body. Of those deemed to have a correct under- 
stakrlkra^agen&94У4»oulпcgfretnae1ndftT,arrn 
gene transfer and 80% would agree to surgically 
deCnanh aear 1^. ^тРта a pmphhtanhe 
gene transfer to prevent future heart disease, 54% 
«mnlm п^- to mJ, „Ьсо-п0. folks »e80 wkfrto eu 
na^^tsnrk1п.»hЫhennvrrdle^aЬlntyagnns,tИ1Canп 
,adn.2!rslnk_r,de rffeclrof naga ГСоору ae ge,™ 
зdna„ns.Tпeale,e»ul p^Sydeofineil amdiRo 
that meeaacпutased kq r„ msmfhpnyl «„»» bnhiC 
as nnconcatao bun» crSecy 0»^ „foianeP 
eouae„lo,spmrrfornage1hara^yrnouklmd“p^e«1ne 
cctrngpotef tihl reapienk аПопсИге cenceknoagone 
1tnccgni„ehta„neaata^soomnh^,rork^e„,flrht»„ 
level of educational and technological sophistication.

Mecleamnal and etegnronlc 
сэпПОпп hechntelogy

t1rleghal1tnmt circulatoay support
Mechanical heart teMmoloanmahaform ofven- 
tiianlat tissi'sndevievais rtatiCarfolcare for cyrtain 
garnm1 reqeirurg 1rcmodyaanmiasuppvrt.CroscnSy. 
these devices are used in both inpatient and outpa- 
Ponl tetttkgsan a htidoctg honselenti although in 
НоугппЬсг Mot thrUSFDA approeynkur davmCi 
the HeartMate SNAP-VE Left Ventricular Assist 
S^tcm 1п11пс^с Coiporarioii1 lkrcs^unotgCAjfos
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Table 16.4 Ventricular assist device (VAD) versus total artificial heart (TAH).

VAD TAH

The use of VADs as bridglng6eviveeswclIithepooloV 
patients waiting to receive a heart transplant. The 
use of VADs as permanent implants shrinks the pool 
of patients waiting for a heart transplant.

VADs can be mass proTuoed
Very expensive technolopa
No immunosuppression reeuifevl
Device "rejection" not possilele
VADs can pose comforV issucefobrecipiepts
Battery power must be rupexipon
Risk of stroke, infectio^dcvicemuufuncesoo
With VAD use, the native coart jomaif”ifplpse;thos, 

if the VAD is stopped or oumoposlco nativeheartfc 
still available.

VADs can facilitate repaskofthenadveeeesn

D):Voiueiiysaeeand effective, (heuse of TAHs as permanent 
implants would shrink the pool of patients waiting for a 
heart transplant.

OAHacapOo oass produced
Vfrpexpe hhae technology 
hoimmcaoss^iDression cequtued 
Devine "rejection" not possible 
Device can pose comfhrtissuef borreessipnle 
Battery power must be rupoxipo
Risk of stroke, infectionpdevicemuKuncUoo
With TAH use, the nativahaurtjenptante0; phurifhe TAH 

must fundion flawlejisli.

cA0 technology has np uffostooimpfdaingnhefiumue 
dpart

permanent cardiac support in lieu of heart transplan
tation. These devices have been empirically proven to 
improve the contractile properties of myocytes in the 
restrng ventricle [5в]гт.ргпе prd-trsrn.pOrtation 
QOL [59|,andinereasebodtpre-antlpost-avatbsphnt 
survival time |60|.As veutnenlar asnal dev,ee 
patients areautoniatieellyaVVed^to the Statml hv.vrt 
transplant waiting list, this raises ethical concern 
about swelling the puoV otwallmv patkuB 1° v lent- 
ited amount of organslTirble^ld.lltdt],

While ventnculaf ansrit аесГшо-ору doB uodung 
to m crease the poolohpotevbelduvorh.ahfwdylrn 
the Cleveland Clinic concluded that patients who 
receivedpre-transplant kftvvumcutaainrUeiotee 
waited longer for shenttameTtantthrh atd uou- 
assist device patieutsondtv Vltatus lhiU|02]hUrrutlivr 
study hasreponedeimdartinvmgidltnwvu Vveee 
increased due to mhabihrahuu sinh retwesy Unae 
after the device unplrnSprooaUute ahU tVe Usf- 
ficulty rn finding a uhyrtUSe allogtsfttor hurnsa 
leukocyte anftgeu (HLA) sensiftzedpattnola.WMe 
Status I non-devicn pahuztr vre not enposah ev 
longer wait ftnres. Status U puheug. likdy oav us 
organs will contmvf he Уе ^efarurlto StaV» t 
patients before they are referred to those in the 
Status II category. TUuse wu the StkNs If hft aac 
.„deed less s,ck to slag) wrth, but husluuget waftiuv 
in the Status II category may result in further cardiac

decompensation, maaeuig these patients sicker at 
the time of transplant (which could affect post
transplant outcomes) or requiring upgrade to the 
uvctusllisa with thv тасШси of an asked deuisv 
yreutt the pVUmoual vnrmvt^n rnuUrpal uyep^tuest. 
i-onaerwau urnes hoshrlnshfllo advsrshty vfffd 
eecBS device pft.esIc Uscanre hheyhe„lukvУIa„l- 
граНу enU ftiuenoucUh luvpchhr TUCe on duy.se 
ihecas-y, ивРи^ theтhzelhhlerat the maunf fkn- 
graft и-аигиит. evs,at Ьшего do tkns
vl^^wi rtrom peupk digib,Cuy fof u tmuspluum hoo- 
evze,bаceuse the nnaihur ol euatlubd uhugm^s 
“^lively the ssmcUrainyear vu yeafisetnsk 
gvarnvk el^geнB may hrt^es auTar ^ 21»,»^ 
„8.™ kugaheua. l„ light nf tVe gznefid oV asn.t 
^«1^0^, dvo neud iv elepztudtvr ntoveaaed 
оугспг копанойanWos Uhvaics vUsd mu bnnstVfor 
pg„нtmenHlаlнd».; euppmrior1■eglaee„,ent.
i To2al >^100^1 tad (TAetl^eаhuog>gu naldvtv 
beoug tn„s,ddvsd asepoeslЫesoаutlo„/hlhe pnvk- 
тц^аЬогИаиоЫоаог 1lreansc ВеПиееиШу 200 
md May VOM. 14 оотуШу nelfteuvleiued 'MH 
dnsne »fm implanted m edsUmtud elаtes[hза 
TllIraftsrw,.l^eaehtktаУsnltlmohаudy trngiUurt. 
"" VXaa sM>PcU11^m lurvik-7 TAH тОнуН t„al
rn IWa.^c 'llC Ма1 ml[illlУirdl.etrty
МО TAH deveced issuer oShemorrbage. dtonУlУlrr^ 
sepsis were prominent [64]. Even with the data
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from the Jarvik-7 trial, TAH data from various ani
mal studies, and the extensive pool of data from the 
long-term use of ventricular assist devices, further 
human trials of TAHtectaokw are not Addrout 
srgnrfieant „ak. antU rsnot enodghto argue beet 
tlrese devree ought rapelives.Tbakttowea arrCjuten- 
tral naks of TAH thdrnulogy „nut bewetghed m 
light of aha potential Paamao teskaudtpanraotmt. 
(Table 16.4) Furtheh.ptyehologttal.ttrUaocudVTh- 
ahles must also he rufltetePupTnrn thhnouuaa ot 
selecting research snhtrcts hot trial parncoatton 
Also trial participation tkonhinotbe theresuttor 
social or financial pressure. Ethical principles and 
sdentlficgoalsshoultlesnmntkeateketKthoeeetrantpo 
subjects, not convenienctt priedtgeierarditraroage 
h“,S[651' . . r i _.tt oe

Obtaining m forsnedcun sentfoaTAH mal pat- 
ticipation will likelybj „аЬеЬЛеиеаЬуПае com
plex nature of the technology and the general lack 
of technological sopOlsdealmn of „may nndenls. 
The consent procese putrid Wrirther mspaeted. by 
the level of desperabnn nl htorossaOmg appartiei- 
pate in such a trial |66,67|. Onowrng Oe«уdk 
allografts, some individuals may feel an artificial 
hear, Is their only hopCi anO nhnteok sanwr So pat- 
bcpate the trial usdhnpt raklectrngon 7 riuPo 
(see Clinical tnaUi and the ethical sudhuct ml 
research below).Asmecha„,arScarn,acttel„ph>g,ea 
evolve, such permausur ruppoal stsU rwplaaenctut 
devices could be v.ewrd ci taler tStsu -гипарТата- 
bon due to ,ts issues at h»„nno.nppe.a.hhlnend 
reiecbonihowever.lUautfetoanUrtfoiapriisrsitUenf 
such permanent devours aresign.brant rnrknawur. 
A, tins time, the Clapeland rkhmr faah■rhhtme- 
diac replacement tepheeolnyy ar wav optno alan pept 
because the removal of the native heart makes TAH 
teclmology one thatmuat о.Ногп1 h6rfectlyt-аПЫУ 
difficult task to accomplish.

Inactivating eSfcOronic and 
circulatory support therapy in 
cases of futility
Implanted cardiac tCerctiee sucC assnccmakers, 
cardioverter defibriilators,sndventricularassist 
devices are clearly deeignsewfehtheinSvnt of clin- 
leal benefit for the rotpiedte Insweneti ttaa tm^pc mao 
come when termination of such therapy is ethically

warranted [68]. As with total artificial organs, no 
assistive therapy should be viewedar amennsof 
immortality for patients. Further, physicians are 
tmduenoealycd ohUrkltiob.ro_proAtCh aui^acare 
|uffesrlak^no taemfilor a UrgtaOf^lar»hOttfnse!uc- 
nou) еаНМреп the bordepr taka therapy are more 
than its benefits, this is the time to consider ther- 
ann withOrawet Wurnuthnrapyir Me. ,p nda» 
оШу end etheaally аррторме tta no fonger orferrt 
bbpmeamlh patietiaeahopidbe apnamsedaif r0o 
matunttne tUat„ouUr ws„o„1 hevt maciaoflmn 
Руопп П^гг-сс h»plantotaon,nfor„uk eonsant 
a.eoao'.s so -dataller ouO than femihoa „e auero of 
the concept madvamte [70|...........................................
s Front SpotC „ othuia aad legal pemppcatPe. at 
isgoiernlly 10^ l0atpataa„Cso,rcP 0e^^kUe 
maУ„ucaoafl^anmenamUermedcPyldcstoVave 
^fepfgrtaln„cgtoap,ef toomnaacd |kl t. bi dee o.r, 
ofm,pLmtedcard,odeg^eaekerlЬrllleem^6olt^cksuror 
vided [гг rhe ^ет.eoperaЬn uPnaf«n dtO every Ote 
omKriraaosnoioety otooerda1efШuee shodkteell 
th!.gdearfurfund»natorn |72l.nPoenuhe 4^ 
no 10^ potmvelhl mdgamamgtuo^ med uno 
Omger eltomaiy md1ealedtПkn, aheeeraпUuпnttor 
pa^ynetoe^^evbk tndcaaoaaпf„sOuptdУe a2„- 
giUared [7^. Oha same can ba ranS Uor ееитеуЬа 
orrisl key,aes RO]. Пmdpdapenle„ao,s edocafOt- 
gdllpgeksslkrг^vhe„elaOгuesare roeг,tln,g„lttЬ,tt 
aperayy Ьпс.!-» deKfdnna3 tobec реоПгцРУУог 
Cears laoo^platambpn. Suod ^-„700,, mЧrroork| 
run eenadok, dpa tn„eUrolohicalhaoarraato„(e.g.l 
aboOrn permaam, taapeaeOvg otatal. РОрее™ and 
lamdiea u,patp^sadafЬeudtUllmdtrпaVst! afthe 
O^eutotant|, alight of ahegoal nOtha ■ yaaovamion 
a„Pthe,||aluarШdpfafe«uafmeadae pagaetpU игре- 
cially when the patient cannot speak for him/her- 
sah. Wtran thn -duta mtO pamfeaancas oftha emtlent 
meboPnoi^n- nhy^adOceaahutOO „adгfaaomma„- 
alatcmisbased» ЛН»»-™» keahapal,e1,aa 
. eltrl-ghlpata„tauawaaar,haplantdгayoerfcae,- 
tents to reflect upon their device status and denote 
the^r^гat„entprгOfrettaesi|aad■OPva„ceaa,raaa„a 
that also names snoogaka naa,slduaytanarasu dte 
event that they lose decision-makmg capacity [73]. 
C^l^atsfollo»engfnahtmp1mrпabf„asrhould 
epvn™d tbat boah а ротает. a„O an е11аго«е 
deersion-maker be pepoptntaPrehokno^lOepadel0- 
mduea »d with „,lluroommestd пепетайш arem 
accordance with the patient s personal wishes. While 
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contemplating device inactivation maybe emotion
ally difficult for patieots, it iscriticRlthat they con
ceptualize the actions of these devices as a form of 
life support that maonttlmediteng dobeiiithtr;awo 
under certain dm,tai s.tuahots.ta realiiy ,1 sc „о 
different than conndeentg zhepots.blew.thdremal 
of other forms of irfasvemedeeal therapyeed. es 
artificial ventilationand dialysis.Atihe C^^tl 
Clinic, bioeZhicisZs acc ayaelahta di assist pattentp 
their families, and to inedfid ham st disceerrsns 
of this nature.

Clinical trials end mheethfcal 
conduct of reseerch
In the setting of untreatable heart failure and the 
potential hope of ieiltranspltolatioiageni ther
apy, and other expea'mgnalteclooloe'os,Se ahpec- 
ZaZious of clinical Ша! saceerch ihbnectd may run 
high (Table 16 5). Reieerdt snbieet ideohen tirceld 
reflect upon the etlnetabiiilh df xners^hualt eedh 
possibly have no othei Rope and neey are» etm- 
oal trial partrapattnnah ( foment healshcareetoj 
mfadthegoalofdnneae rnnИirchhmgamln,u»^ 
edgethat,sgenerahzalsk_rorthe benefitofluturt 
patients [74]. Unhl the „.htaudbenehtatthlhme 
technologies are fuiieue,dfrstleod.eereareh mves- 
hgators must strrne А auteospa-e-he zhyrehzdtrf 
„„sconcephon than Jsei,..,! l„.al p.art,cenllOu„„tii 
provide dired bench-tor0alаseard-suh|rcuh,a1lnшp 
toward an informed consent process that clearly 
denotes Zhe experrnmea. neuora rttde «Anot 
ogy and its known and -0^ tsIsi. Aefedllda 
that many of these ^0^ arm опгьцТх,eha 
.„formed consent preaeze chohed be edsmed tn геЛМ 
the intellectual сарраи,^ pecdenteW «^101, п-Тп 
teots. and should rnehtporata foesls he usd to t cons- 
prehension of the study technology, its risks, and its 
benefits. Tools to hrfornW tmareni pcwe.
include videos, ЬгосЬиаеГа11а8гепгп, а^еинЛ-Иа. 
Potential research .пГ-поТ sPauM he с„,1О11П1,спЬ1о 
discuss the trial wltУlbdsecuPlznelр_t„raUehtohztr 
hrst-person accoшlSbfnesearnhрartlCidfndn. _

PlaceЬooo„trolsp^eeblstadllsdtderhe„^ClClasrрn. 
les that use Inghly msaensc eneedods Se.g.,opeosus- 
gery withanesthesiad-e Roto iin^szdr-ostd h„ 
an individual who wdlgel no heuePl. Pb-^crr,- 
irols are also eth^l1yproЫemathffor пАо.Гп.пГг 
who are critically ill for m the face of no therapeutic

Table 16.5 Research ethics issues.

• Recruitment of critically ill research subjects
• Obtaining informed consent from critically ill individuals 

le.g..issuzlzrmentaabtetus, иRes^anditgof somplex 
1ппПпп1огу, Pasperation of patients)

r Randomieahoz
p tlacsboh
• hnknownrieas and beeegitsofexofrimnttaltechnoloce
p Thsrspfrtitmisconcettion
• Conflict of interest issReo(e.m.,zecearch investigator is 

alsothe r-tiertS treaPingphysician; research investiga
tor has financial ties tunkotecnnolog^studyeponsoft

• Reterhina-ihnof aethoiehip
• ’^imeRcniRlp^^^>'i of resoorchsesoles

inCesvention, these subjecyfareicemoaoseoenond”, 
and depending upon the nature of the placebo inter- 
htunde , Шпуггс potentially a, risk of mcurrlng fnr- 
iPar nisbdzhhd or even henep гоппос »n ses„ho“ 
trial participation. These arguments are still valid 
ln d„ rrtree of dimcae nml- whiah tae town 
positive effects for surgical placebo recipients [75], 
and sdnt 1ep hza.and mode оЬ-ТсРпйу mr^rA 
rhrtr rsra^yrtsSM ■ Thehis Ьeuiideztheootraer tal- 
eocfotelsksaM benepfr soshercszurd. аpЬteettoe 
u„aаtpneabks„d,e пгГпЯго„.рс!пП. СМгег tPd гиПс 
sod» rzsmrnch eфпctaraidcrrc»^^иatone ksst-ош 
От-Ьпс O„efebиlehrfrom, she tha1„snshesy,Sufh 
>„1^0 h, ad-Rcally mapenlt,„eSa Ппг beut еНтке! 
Prec^fletheeSmlcaieereasae , e

ЛSno,„posSa„t th 1/fИПceCeo„Лlct .^«-11 
isdnoeosum art аста!,™.! percentedcohhrzlsor 
interest. This is especially important when the prm- 
elpah -„ея^атг и uho to ПРГППпО phCi-Ch0o od 
thee,AroCl«era„ru1e г„Ь,есВ. Cohfl.ch of m^eresZ 
cooea m а хат-у oUa^rms,„d„d1„Ral^utty„rЮzаt 
mthe climcalonal гротт, and co».sdhmlofp11.d 
,«0^0^ ртаитпо аor d,e seocoroc.Eee„ C 
intcd en„hlcer cannel he „0^, three 1.^  ̂h 
cm^cakfo Zhr hust raiaZhenship 0eeesta1110aczаetrah 
Ьцтс тпП Pro a^aea. sUhlecer. Uledeszlhced com 
fltad olmЬf^estm„1unr„P,a,megr,thhldtertrzarelr 
dr<hьa.r»wпll^the1pragezeerdfаnceeoeeupTtfS11ett 
da Poor »dtTП1erudz-.dttzьroc.УЪьeR
„uhat,oa^s can asoec leap mZolotiahy s ^„>-„00 
znrutisd sa,enr^„hаzseardC1a„d theeiew nd side 
inay l,zae„eri«ostedlceehees,o„l.,f bdaercleRlh 
motivated researchers who disregard the welfare of 
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research subjects. The best approach is for researchers 
to avoid conflicts of interest; and for those that can
not be avoided, they must be disclosed.

Reporting of studs ataa.bouU Id Виерре- 
о,ally for tnalsthatore publrolyfunded. Ctrupcate 
polities «duel, „„„„„аре ааи ynmlus.s anil 
reporting are generaiiy eth,eaglp,na„,n>pr,aleas 
they poise studies forlayisondfmp.rhredobjeebifity. 
Data fabrication anil faiulicwaf ca am alao e-lnrally 
„.appropriate for nunierona reasoua including lhe 
fact they represent paur ptpwupduhrpnieiherrnonnfe 
that funded and sappne-ek chel-dy. Л-so aucP 
manipulation of dan-paupp-euboriy Oruv Olivo- 
research participants or patients, m that technology 
risks and benefits arenot“lr uly” utideraloodbecfiusn 
of false informatmn. “Hanoim-p authoodyea" la 
rniethrcal. AuthorshiprhouldbeaeeorPodoelytn 
those who directly rank rubatauliehn roulnbnPed to 
the conception, melhodelugfiy flate .analysis, нпУОог 
writing of the „a„eaatiaa.F„rth»,pntnoraleb^ 
credit for the manesonpt mud rUae braareepodii- 
bihty for its contents, ddl-Althe CkuetrndChma. 
bioethicists and the Intnumonai ReeiewBaarF m 
aeailable to assist researrhritaesteRrforawith eurti 
research ethics matters.
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