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Foreword

In the ever-evolving landscape of medical practice, the management of pain, particularly in the perioperative setting, remains a cornerstone of patient care. As surgical techniques advance and anesthesia evolves, the need for effective analgesia has never been more critical. The  Handbook of Perioperative Analgesia serves as a comprehensive resource for clinicians dedicated to improving patient outcomes through enhanced pain management strategies. 

The multidisciplinary approach to perioperative care necessi-

tates a deep understanding of pharmacological interventions, 

regional anesthesia techniques, and the latest evidence-based 

practices. Within these pages, you will find a wealth of information that not only covers the foundational concepts of analgesia but also delves into innovative techniques and emerging trends that are shaping the future of perioperative medicine. 

The contributors to this textbook are experts in their respective fields, bringing a wealth of knowledge and experience to the fore-front. Their insights will guide you through complex decision-

making processes, addressing both common and unique challenges faced in various surgical contexts. 

The Editor, Dr. Pallavi Ahluwalia, deserves immense praise for curating such a comprehensive and insightful resource. Her 

meticulous attention to detail and commitment to advancing the field is evident on every page. By bringing together contributions from leading experts, the editor has created a valuable reference that will undoubtedly enhance the knowledge and practices of 

healthcare professionals. This book stands as a testament to her dedication and expertise in the realm of perioperative care. 
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Foreword

Effective perioperative analgesia is not just about reducing 

pain; it is about enhancing the overall patient experience, minimizing complications, and promoting recovery. By integrating the principles and practices outlined in this book into your daily routine, you will be better equipped to provide compassionate, evidence-based care that prioritizes the well-being of your patients. 

May this hand book serve as a valuable resource and inspire a 

continued commitment to excellence in perioperative analgesia. 



Director APMC, AAS Pain  

Naveen Malhotra

Management Centre

Rohtak, Haryana, India

Former Senior Professor & Head, 

Department of Cardiac  

Anaesthesia & Pain Management Centre

PGIMS

Rohtak, Haryana, India

Preface

In the ever-evolving field of medicine, the management of pain, particularly in the perioperative setting, stands as a critical pillar for patient care. The nuances and complexities associated with perioperative analgesia necessitate a comprehensive understanding and meticulous application of various pain management strategies to ensure patient comfort, facilitate recovery, and minimize complications. This textbook,  Handbook of Perioperative Analgesia, aspires to bridge the gap between foundational knowledge and advanced clinical practice, serving as an indispensable 

resource for healthcare professionals. 

The impetus for this book arose from the recognition of the 

diverse approaches to pain management that span across different surgical specialties and patient populations. By encompassing a broad spectrum of topics—from the underlying mechanisms of 

pain to the latest advancements in analgesic techniques—this 

textbook aims to provide a holistic and integrated perspective on perioperative analgesia. The contributions of leading experts in anesthesiology, surgery, pharmacology, and pain management 

have been meticulously curated to offer readers an authoritative and up-to-date resource. 

Each chapter has been crafted to address both theoretical and 

practical aspects of perioperative analgesia. Starting with the fundamentals of pain physiology and pharmacology, the text pro-

gresses through various analgesic modalities, including systemic medications, regional anesthesia techniques, and multimodal 

approaches. Special attention is given to patient-specific considerations, such as age, comorbidities, and the type of surgical proce-ix

x

Preface

dure, ensuring that the information is applicable to a wide array of clinical scenarios. 

In addition to traditional pain management strategies, this book delves into emerging therapies and technologies that are shaping the future of perioperative care. Innovations in drug delivery systems, the role of genetic and molecular markers in personalized medicine, and the integration of minimally invasive surgical techniques are explored in depth. By keeping abreast of these advancements, healthcare providers can enhance their clinical acumen 

and improve patient outcomes. 

The  Handbook of Perioperative Analgesia is designed to serve as a comprehensive reference for medical students, residents, 

practicing clinicians, and researchers. Whether you are seeking to solidify your understanding of basic principles or explore the cut-ting-edge developments in perioperative pain management, this 

book offers valuable insights and practical guidance. 

It is with profound gratitude that I acknowledge the invaluable contributions of my esteemed associate editor, Dr. Ghanshyam 

Biyani, in the creation of this book. His expertise, dedication, and meticulous attention to detail have been instrumental in shaping this comprehensive guide. His collaborative spirit and unwavering commitment have greatly enriched the depth and quality of this work. Dr. Ghanshyam Biyani, thank you for your exceptional support and for being an indispensable part of this journey. 

I extend my heartfelt gratitude to the contributors whose expertise and dedication have made this textbook a reality. Their commitment to advancing the field of perioperative analgesia is 

reflected in the depth and breadth of the content presented herein. 

I also thank our readers for their pursuit of excellence in patient care, and I hope that this hand book will serve as a trusted companion in your clinical practice and professional development. 

Moradabad, Uttar Pradesh, India 

Pallavi Ahluwalia  
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Abstract

Pain management is a crucial aspect of patient care in the perioperative period, as it can significantly impact a patient’s 

recovery and overall well-being. The assessment of pain 

involves using various tools and techniques to evaluate the 

patient’s pain experience. They are unidimensional pain scales, which primarily focus on pain intensity, and multidimensional 

pain scales, which consider various parameters to describe the pain characteristics. Multidimensional pain scales offer a more comprehensive understanding of the pain experience, encompassing sensory, affective, and functional aspects of pain, but may not be suitable for fast-paced environments. Effective 

communication with patients, along with the use of appropri-

ate pain assessment tools, is essential for tailoring pain management strategies to individual needs, ultimately leading to 

improved patient satisfaction and outcomes. 
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Key Points

•  Acute pain serves as a vital warning sign of injury or ill-

ness. 

•  Post-operative pain often limits the patient’s functional-

ity and recovery. 

•  Assessment of pain is of paramount importance in acute 

pain services. It is crucial for ensuring timely and effec-

tive pain management. 

•  Assessment of pain can be done using unidimensional, 

multidimensional, or behavioral assessment tools. 

•  It also reduces the risk of complications, such as chronic 

pain development, promotes faster recovery, and 

improves patient satisfaction. 

•  Regular pain evaluation fosters patient satisfaction by 

addressing their comfort and well-being during the acute 

phase. 

1.1 

 Introduction

Margo McCaffery quoted that “Pain is whatever the experiencing person says it is, existing whenever he says it does” [1]. This phrase has laid the foundation of the idea of self-reporting of pain and formed the cornerstone of pain assessment. International 

Association for the Study of Pain (IASP) defined pain as “an 

unpleasant sensory and emotional experience associated with, or resembling that associated with, actual or potential tissue dam-

age” [2]. This definition evolved the contemporary idea of pain as a complex and multifaceted experience which is significantly 

influenced by noxious, cognitive, and emotional factors. 

Acute pain serves as a vital warning sign of injury or illness. 

Patients experience moderate to severe pain in the post-operative settings. Post-operative pain often limits the patient’s functional-
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ity and recovery. Understanding and assessing acute pain is crucial in clinical practice, as it guides effective treatment strategies and improves patient outcomes. Anesthesiologists and pain physicians utilize a variety of tools and methods, such as self-report scales, observational methods, and physiological measures to 

evaluate pain characteristics, including its intensity, location, duration, and associated symptoms. This helps in the identification of the underlying causes of pain and facilitates the development of personalized pain management plans. This chapter aims 

to provide comprehensive insights and knowledge essential for 

effective evaluation of acute pain. 

1.2 

 Types  of Pain

A pain prescription can be made based on the expected intensity of pain after the procedure and the possible analgesic requirement. However, this isn’t enough for effectively managing the 

pain. Identifying the type of pain during assessment is essential for effective pain management. Different types of pain require distinct treatment approaches. For example, nociceptive pain 

responds to NSAIDs or opioids, while neuropathic pain requires medications like gabapentinoids, anticonvulsants, or antidepressants. Accurate identification helps pinpoint the underlying cause of pain, guiding diagnosis and ensuring appropriate interventions. 

It also aids in tailoring treatment to the patient’s specific needs, improving outcomes, minimizing complications, and enhancing 

patient satisfaction. Pain assessment without an attempt to understand the type of pain can lead to ineffective treatment, prolonged pain, or exacerbation of symptoms, making accurate assessment 

crucial for optimal care. Pain can be of the following types 

(Fig. 1.1) based on its origin, physical characteristics, and the mechanism behind it:

(a)   Nociceptive pain: It is defined as an actual or threatened damage to the non-neural tissue activating the nociceptors. It can be somatic or visceral pain. Post-operative pain following 

laparotomies is often a combination of somatic and visceral 

pain [3]. The intensity of nociceptive pain usually comes down with time as the initial tissue insult resolves. 

[image: Image 8]
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Fig. 1.1  Types of pain

(b)   Neuropathic pain: It occurs secondary to injury of a sensory nerve. Injury to a nerve leads to peripheral and central sensitization which increases the risk of allodynia and hyperalge-

sia [4]. This makes the neuropathic pain to become stimulus independent in the later stages. Neuropathic pain can be seen 

post-operatively following thoracotomies, laparotomies, 

spine surgeries, surgeries on the brachial plexus [5]. 

(c)   Psychogenic pain: It is a physical manifestation of a psychological ailment. Patients with depression and anxiety mani-

fest psychogenic pain and are often associated with an 

increased risk of post-operative pain [6]. In these patients the 

intensity of pain will not match the underlying cause. 

(d)   Mixed pain: Mixed pain exhibits characteristics of different types of pain and originates from a myriad of mechanisms. 

The patients with mixed pain display the symptoms of both 

somatic pain and neuropathic pain. 

(e)   Idiopathic pain: It is a term given to describe pain where there is no identifiable physical or mental mechanism. A comprehensive evaluation should be performed to exclude the 

possible conditions before labelling pain as idiopathic. 

1  Assessment of Acute Pain
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1.3 

 Tools  for Assessment

(a)   Unidimensional pain scales: These scales are used for quick assessment of pain and focus on the intensity of pain as the 

single dimension of evaluation. Assessment using these scales 

is of limited use in complex pain scenarios [7]. A summary of the advantages and disadvantages of various unidimensional 

scales is provided in Table 1.1. 

Table 1.1  Unidimensional pain scales

Scale

Advantages

Disadvantages

Numerical 

It can be presented 

Lacks reliability in 

rating scale 

visually or verbally

multi-dimensional aspects 

(NRS)

It is highly sensitive to 

of complex pain scenarios

changes in pain intensity 

Unreliable in patients like 

induced by treatment

elderly, pediatric patients

It is useful for 

differentiating pain 

intensity at rest and during 

activity

It is valid and reliable in 

both younger and older 

patients

Verbal 

Simple to describe

Must be presented in 

descriptor scale 

printed form

(VDS)

Needs basic linguistic skills

Iowa pain 

Simple to describe

Must be presented in 

thermometer 

Easy to use

printed form

(IPT)

Visual analogue  The procedure is easy to 

Lacks accuracy and 

scale (VAS)

understand and can be 

sensitivity. 

done quickly

Less reliable for immediate 

It can be repeated multiple  postoperative patients with 

times on the same patient

cognitive impairment

Description of assessment 

may confuse the patient

Faces pain scale  Easy to use and understand Difficult to determine (FPS)

Useful in patients with 

whether pain or mood is 

communication barriers

being measured

Must be presented in 

printed form

[image: Image 9]
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Fig. 1.2  Numeric rating 

scale

 Numeric rating scale (NRS): NRS is a linear scale with 11 

points ranging from 0–10. The two end points of the scale 

represents extremes of pain (Fig. 1.2). It can be represented 

to the patient either verbally or by using a simple visual 

aid. It is easy to understand and can be used in all patient 

above seven years age. It is sensitive tool to assess the 

change in intensity of pain following treatment. Presence 

of cognitive impairment and inability to communicate 

make it difficult for us to use this scale. 

 Verbal descriptor scale (VDS): VDS is composed of four to six adjectives which distinctively describe increasing levels pain intensity. The commonly used set of adjectives are no pain, 

mild pain, moderate pain, severe pain, very severe pain, worst possible pain, and no pain, mild pain, discomforting, distress-ing, horrible, excruciating pain [8]. The terms Verbal rating scale and Simple descriptive scale are often used interchange-ably with VDS. The patient needs to have basic linguistic skills and the ability to identify the adjective best suited for the intensity of pain he is experiencing. So, the accuracy of this scale is not reliable (Fig. 1.3). 

 Iowa pain thermometer (IPT): IPT is an adjunct tool to VDS 

where in addition to the adjectives it has a diagram of a thermometer. The increasing temperature in this thermometer is 

analogous to the discomfort associated with the increasing 

intensity of pain (Fig. 1.4). 

 Visual analogue scale (VAS): It is widely used in research and clinical setting. It is composed of a straight line with one end marked as “no pain” and the other end marked as “worst possible pain” (Fig. 1.5). The patient should mark this line with a dot or mark with a finger on a point which corresponds to the 

present intensity of pain. Some VAS scales are made of slide 

rules with a movable line that can be placed at a point which 

[image: Image 10]
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Fig. 1.3  Verbal descriptor scale

Fig. 1.4  Iowa pain 

thermometer

Fig. 1.5  Visual analogue scale

matches the pain intensity. It is ideal to mark these points to assess pain at rest and pain with movement. Lack of cues 

causes less confusion while using this scale. To improve the 

accuracy, patients can be instructed on how to use this scale for assessment of pain intensity preoperatively [9]. 

[image: Image 13]
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 Faces pain scale (FPS): The Wong-Baker faces rating scale is widely used in pediatric settings across the globe. It has a 

series of six faces with a happy and smiling face at one end 

representing “no pain” and sad face with tears in the eyes at 

the other end representing severe pain (Fig. 1.6). Though this scale is originally described for use in pediatric population, there is recent evidence supporting its use in cognitively 

impaired and non-verbal adults [10]. There are several modified versions of FPS with variations in cheeks, lips, nose, and eyes to show the facial expressions associated with pain. In 

the revised faces pain scale (FPS-R), the childlike faces are 

replaced by faces of grown-up. In FPS-R, the face with no 

pain is represented by a neutral face instead of a happy smil-

ing face and the teary-eyed face for severe pain is replaced by a frowning face (Fig. 1.7) [11]. 

(b)   Multidimensional pain scales: These scales consider multiple parameters to describe the pain characteristics. Self-reports 

from the patients and the clinician’s expertise are combined 

during the process of assessing the pain. The advantages and 

disadvantages of various multidimensional scales are summa-

rized in Table 1.2. 

 Brief pain inventory (BPI): The tool consists of questions focusing on pain intensity and its interference with daily 

activities—designed to capture the patient’s pain experi-

ence over the past 24 h. It is used in patients with chronic 

illnesses like cancer. Although it is validated for use in 

diverse clinical settings, its frequent utility is often hin-
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Fig. 1.6  Wong-Baker faces pain rating scale

[image: Image 14]

1  Assessment of Acute Pain

9

Fig. 1.7  Revised faces pain scales

Table 1.2  Multidimensional pain scales

Scale

Advantages

Disadvantages

Brief pain 

Focused on pain intensity 

It takes 5–15 min to 

inventory (BPI)

and pain’s interference 

complete making it less 

with function over 24 h 

desirable for repeated use

period

Validated in different 

groups of patients 

experiencing acute pain

Available in multiple 

regional languages

Initial pain 

Tool can be used verbally 

Time consuming

assessment tool  or visually

Does not consider 

(IPAT)

Can be completed by a 

emotional and 

physician or a nurse

psychological factors for 

Includes diagram for site 

pain in sufficient detail

of pain

Not suitable for all patient 

Includes effects of pain on  populations

quality of life

Useful for acute and 

chronic pain assessment

Useful for detecting 

changes in pain symptoms 

following therapeutic 

intervention

Mc gill pain 

Useful for assessment of 

Lengthy and complex

questionnaire 

acute and chronic pain

Frequent assessments not 

(MPQ)

Employs large varied word  possible

descriptors to assess 

Difficult to understand by 

sensory, affective, and 

patients

evaluate dimensions of 

High levels of anxiety and 

pain

psychological disturbances 

Measures both subjective 

can impair discriminative 

quality and quantity of 

capacity

pain experience
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dered by caregiver non-compliance, as each assessment 

typically takes between 5 and 15  min to complete. To 

address this limitation, a shorter format of the BPI has 

been developed with less number of questions. It has been 

translated into multiple regional languages making it 

widely accessible. 

 Initial pain assessment tool (IPAT): IPAT captures a comprehensive range of pain-related information, including 

the pain’s characteristics, the patient’s expression of pain, 

aggravating and relieving factors, and the impact of pain 

on daily activities. It also provides a body diagram where 

patients can mark the locations of pain. The tool records 

the patient’s acceptable pain level and utilizes a unidimen-

sional pain scale for assessment to record the current pain 

intensity. IPAT is versatile and can be used to evaluate both 

acute and chronic pain, as well as to monitor changes in 

pain intensity following therapeutic interventions 

(Fig. 1.8). 

 The OLD CART acronym: It is an acronym for guiding a systematic approach for taking history of pain as a symptom. It stands for  Onset,  Location,  Duration,  Characteristics,  Aggravating factors,  Relieving factors, and Treatment. It should be used 

along with a unidimensional scale to know the intensity of 

pain. 

 Mc Gill Pain Questionnaire (MPQ): Developed by Dr. Ronald Melzack in 1975, MPQ is a comprehensive tool used to assess 

the sensory and emotional dimensions of pain. It consists of a series of sections, including a list of descriptive words for 

patients to characterize their pain (e.g., sharp, throbbing, burning); a pain intensity scale; and questions about the pain’s 

duration, onset, and pattern. Additionally, the questionnaire 

includes a diagram where patients can mark the areas of pain 

on their body (Fig. 1.9). By capturing both the qualitative and quantitative aspects of pain, the MPQ provides a detailed 

understanding of a patient’s pain experience, making it useful in clinical settings for diagnosis, treatment planning, and tracking changes in pain over time [12]. 

[image: Image 15]
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Fig. 1.8  Initial pain 

assessment tool

[image: Image 16]
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Fig. 1.9  Mc Gill Pain Questionnaire
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(c)   Behavioral/observational pain assessment tools: Behavioral observational pain assessment tools are designed to assess 

pain in individuals who are unable to communicate verbally, 

such as infants, young children, or patients with cognitive 

impairments. These tools rely on observing behavioral indica-

tors—such as facial expressions, body movements, vocaliza-

tions, and physiological responses (e.g., heart rate, 

sweating)—to gauge the presence and intensity of pain. 

 Pain Assessment in Advanced Dementia Scale (PAINAD): 

The assessment of pain in advanced dementia is extremely 

challenging and complex, often resulting in under- 

treatment and poor pain management. The PAINAD scale 

is used to assess pain in individuals with advanced demen-

tia. It evaluates five domains: breathing, negative vocaliza-

tion, facial expression, body language, and consolability, 

with scores ranging from 0 to 2 for each (Fig. 1.10). The 

total score (0–10) reflects the intensity of pain, helping 

caregivers and healthcare providers identify and manage 

pain in non-verbal patients, improving their comfort and 

care [13]. 

 FLACC scale: The FLACC scale (Face, Legs, Activity, Cry, Consolability) is a tool to evaluate pain in infants, young 

children, or individuals who cannot communicate verbally. It 

Fig. 1.10  Pain Assessment In Advanced Dementia Scale (PAINAD)

[image: Image 18]
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assesses five categories: facial expression, leg movement, 

activity level, cry, and consolability, with each category 

scored from 0 to 2 (Fig. 1.11). The patient should be observed with body and legs uncovered for 2–3 min. An asleep child 

should be observed for at least 5  minutes. The total score 

ranges from 0 to 10, with higher scores indicating more 

intense pain. A total score of 1–3 indicates mild discomfort, 

4–6 indicated moderate pain, and a score of above 7 indicates 

severe pain [14]. 

 Critical Care Pain Observation Tool (CPOT): The CPOT is a pain assessment scale used to evaluate pain in critical care settings. 

It is designed for patients who cannot communicate due to 

sedation, intubation, or cognitive impairments. The CPOT 

assesses four key behavioral indicators: facial expression, 

body movements, muscle tension, and ventilator compliance 

(Fig. 1.12). Each category is scored from 0 to 2, with higher scores indicating more severe pain [15]. 

 Doloplus-2 scale: The Doloplus-2 pain assessment scale is used to evaluate pain in elderly patients and individuals with cognitive impairments or dementia. The scale assesses pain through 

a combination of behavioral and physiological indicators, 

focusing on five key domains: somatic pain (physical signs), 

Fig. 1.11  Face, Legs, Activity, Cry, Consolability (FLACC) scale

[image: Image 19]
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Fig. 1.12  Critical Care Pain Observation Tool (CPOT)

psychological pain (emotional responses), social pain (impact 

on social interactions), verbal pain expression (speech-related cues), and general discomfort (observable discomfort behaviors). Each domain is scored on a scale, and the total score 

provides a comprehensive assessment of the patient’s pain 

intensity (Fig. 1.13). The Doloplus-2 is widely used in clinical settings to ensure that pain in vulnerable populations is accurately identified and managed, helping to improve their com-

fort and quality of life [16]. 

 Checklist of Nonverbal Pain Indicators (CNPI): It evaluates behaviors and physical signs, including facial expression, 

vocalizations, body movements, changes in interactions, 

and physiological signs like vital changes. The CNPI helps 

healthcare providers identify pain in nonverbal patients, 

enabling timely and appropriate pain management 

(Fig. 1.14) [17]. 

[image: Image 20]
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Fig. 1.13 Doloplus-2

[image: Image 21]
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Fig. 1.14  Checklist of Nonverbal Pain Indicators (CNPI) Pain Assessment for the Dementing Elderly (PADE) scale: This scale considers several non-verbal observable behaviors and 

physiological signs of pain, such as facial expressions, body 

movements, vocalizations, and changes in interactions with 

others. The PADE scale includes categories like facial grimac-

ing, body tension, and irritability, with scores that help clinicians gauge the intensity of pain (Fig. 1.15) [18]. 

[image: Image 22]
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Fig. 1.15  Pain Assessment for the Dementing Elderly (PADE) scale
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1.4 

 Review  of Literature

(a)  Multidimensional and unidimensional scales

This systematic review by Crisman E et al. [19], compared multidimensional and unidimensional pain scales in the acute 

care setting to assess patients’ analgesic needs. Few studies 

that directly compared the two scale types suggested that 

multidimensional scales are better in capturing the complex-

ity of pain and patient preferences, potentially reducing opi-

oid use. However, it has been observed that the use of 

multidimensional scales in the ED is limited due to the longer time it may take for the assessment. This highlights the practical difficulty one faces with these tools in fast-paced environments. Moreover, the available data comparing 

multidimensional and unidimensional scales is limited. 

Further research should aim to develop accurate tools which 

consider pain as a multifaceted entity and aid in faster assessment in perioperative settings. In a systematic review by 

Baamer RM et al. [7], no evidence is found suggesting that one unidimensional scale is superior to other in assessing 

postoperative pain. 

(b)  Assessment in elderly

Kim YS and colleagues [20] studied the tools for assessing pain in elderly patients irrespective of the presence of cognitive impairment. They reviewed 41 publications in which they 

found that self-reporting pain is considered the gold standard, and the NRS, VAS, FPS, and VDS being valid methods for 

the elderly with no cognitive dysfunction. For those with 

dementia, behavioral observations provide a valuable alterna-

tive for pain assessment. Facial expressions, verbalizations/

vocalizations, body language, changes in activity patterns, 

alterations in mental status, and variations in interpersonal 

interactions are identified to be the key pain behaviors. 

Validated tools for observational pain assessment in acute 

care include Doloplus-2, PAINAD, PADE, and CNPI scales. 

But these scales typically require around 1–12 min for com-

pletion. Elderly patients have access to treatment in diverse 
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environments such as hospitals, long-term care facilities, 

clinics, and even their own homes. Pain evaluation in these 

settings may also involve caregivers or family members, not 

just healthcare professionals. Therefore, pain assessment 

should extend beyond medical staff alone. To ensure effective 

and timely medical intervention, there is a clear need for a 

reliable, quick-to-implement pain assessment tool tailored for older adults that works across different settings and is not 

reliant on specific caregivers. 

(c)  Adjunctive tools for neuropathic pain

Neuropathic pain remains a significant therapeutic challenge 

for pain specialists. In a study by Jensen MP et al. [21], the 

Neuropathic Pain Scales (NPS) were used to assess the com-

plexities of neuropathic pain in 159 patients with diabetic 

foot. The study found that the NPS is effective in character-

izing the multidimensional nature of neuropathic pain and in 

tracking changes in pain characteristics with treatment. 

Similarly, Bennett MI et al. [22] investigated the utility of the Self-Report Leeds Assessment of Neuropathic Symptoms 

and Signs (S-LANSS) scale (Fig. 1.16) for identifying neuro-

pathic pain. They found that the S-LANSS scale correctly 

identified 75% of pain types when self-completed and 80% 

when administered in an interview format. While there is sub-

stantial evidence supporting the use of various scales for 

identifying neuropathic pain, their application in the periop-

erative setting remains limited, highlighting the need for further research in this area. 

(d)  Impact on multimodal analgesia and opioid usage

Pain assessment plays a vital role in healthcare, particularly in surgical and postoperative care, by guiding the pain management strategies and improving patient outcomes. 

Accurate assessment allows clinicians to personalize pain 

treatment, optimizing the use of multimodal analgesia 

(MMA) to reduce reliance on opioids while ensuring effec-

tive pain relief [23]. This approach not only minimizes opioid-related risks, such as nausea and respiratory depression, 

but also supports faster recovery and fewer complications. 

Regular pain assessments enable real-time adjustments to 

[image: Image 23]
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Fig. 1.16  Self-Report Leeds Assessment of Neuropathic Symptoms and Signs (S-LANSS) scale

treatment plans, preventing pain escalation and reducing the 

likelihood of opioid misuse. Beyond pain relief, proper 

assessment enhances patient satisfaction, accelerates recov-

ery, and reduces hospital readmissions. Ultimately, effective 

pain management contributes to better clinical efficiency 

and long-term health outcomes [23]. 
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(e)  Impact on patient outcomes

Effective pain assessment and management are critical to 

enhancing postoperative recovery and preventing long-term 

complications. Adequate pain control facilitates early mobili-

zation and physical therapy, essential components of 

Enhanced Recovery After Surgery (ERAS) protocols, which 

help reduce the risk of complications like deep vein thrombo-

sis (DVT), pulmonary embolism (PE), and pneumonia [24, 

25]. It also promotes better sleep, which is vital for healing, immune function, and overall recovery [26]. Timely and effective pain management in the early postoperative period 

is key to preventing central sensitization, a process where the nervous system becomes hypersensitive to pain, which can 

lead to chronic pain and disability [24]. Uncontrolled pain can also contribute to psychological distress, including anxiety, depression, and postoperative delirium, all of which can 

hinder recovery. By reducing these emotional burdens, effec-

tive pain management improves patient satisfaction and over-

all well-being. Furthermore, patients who experience optimal 

pain relief tend to have fewer complications, faster mobiliza-

tion, and shorter hospital stays, leading to reduced healthcare costs. Well-managed pain not only enhances functional 

recovery but also lowers the risk of long-term disability, 

chronic pain syndromes, and readmissions, ultimately 

improving both short-term and long-term patient outcomes 

[24–28]. 

(f)  Impact on Enhanced Recovery After Surgery (ERAS)

The Enhanced Recovery After Surgery (ERAS) protocol is an 

evidence-based approach designed to improve postoperative 

recovery, reduce complications, and enhance patient out-

comes. Central to the success of ERAS is effective pain man-

agement, which minimizes opioid use, promotes early 

mobilization, and accelerates recovery. Pain assessment plays 

a vital role in personalizing pain management, guiding the 

use of multimodal analgesia (including regional anesthesia, 

non-opioid analgesics, and adjuvant medications) to reduce 

opioid consumption and its associated side effects [29]. 

Proper pain control also helps attenuate the stress response to 
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surgery, speeding up recovery and reducing the risk of com-

plications such as deep vein thrombosis and pulmonary 

embolism. By optimizing pain relief, ERAS protocols con-

tribute to shorter hospital stays, fewer readmissions, and 

lower healthcare costs, while also improving patient satisfac-

tion. Moreover, the use of multimodal analgesia reduces opi-

oid use, lowering the risk of opioid-related complications and dependence, ultimately improving long-term outcomes [30]. 

(g)  Impact on patient satisfaction

Effective pain management is closely linked to patient satis-

faction, particularly in the postoperative setting where pain 

relief is often a primary concern. Studies consistently show 

that adequate pain control leads to higher satisfaction, as 

patients’ expectations regarding pain relief significantly influence their perception of care. Inadequate pain management 

can result in frustration, negative feedback, and even legal 

action, highlighting the importance of timely and accurate 

pain assessments [31]. Effective communication plays a key role in managing expectations, with informed patients feeling 

more empowered and satisfied with their care. A patient- 

centered approach, which tailors pain management to indi-

vidual preferences and values, further enhances satisfaction 

by giving patients a sense of control over their treatment [32]. 

Regular reassessments of pain ensure that treatment plans are 

continuously adjusted to meet the patient’s evolving needs, 

contributing to a positive patient experience and improved 

outcomes [33]. 

(h)  Impact on clinical efficiency

Pain assessment is crucial for improving clinical efficiency 

by enabling timely interventions, optimizing resource alloca-

tion, and reducing unnecessary treatments. Regular pain reas-

sessment using scales like the Numerical Rating Scale (NRS) 

or Visual Analog Scale (VAS) allows healthcare providers to 

quickly identify inadequately controlled pain and adjust treatment plans accordingly, preventing delays in care and mini-

mizing disruptions in clinical workflows [34]. This proactive approach leads to better patient outcomes, fewer complications, and more efficient use of hospital resources, ultimately 
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saving costs. Accurate pain management prevents unneces-

sary diagnostic tests and treatments by addressing pain early, avoiding the need for additional interventions [35]. 

Furthermore, effective pain control supports faster recovery, 

reduces hospital stays, and enhances hospital throughput, 

enabling healthcare systems to treat more patients efficiently and reduce readmissions, which further cuts costs [36]. 

(i)  Impact on Chronic Post-Surgical Pain (CPSP)

Uncontrolled acute pain after surgery significantly increases 

the risk of developing CPSP, a complex condition influenced 

by factors such as pre-existing pain, poor acute pain manage-

ment, and surgical technique. Inadequate perioperative pain 

control, particularly in the immediate postoperative phase, 

can lead to central sensitization, where the nervous system 

becomes hypersensitive to pain, potentially resulting in 

chronic pain. Pain assessment plays a crucial role in prevent-

ing CPSP by identifying high-risk patients and ensuring 

timely, effective pain management [37]. Early interventions like preemptive analgesia, regional nerve blocks, and gabapentinoids can help reduce the acute pain response and pre-

vent its progression to chronic pain. Regular preoperative and postoperative pain assessments allow for tailored pain management strategies, improving long-term outcomes and 

reducing the risk of chronic pain development. 

(j)  Transitional Pain Services (TPS)

The TPS are designed to manage postoperative pain from the 

early recovery phase through to post-discharge, with a focus 

on preventing chronic pain and minimizing opioid use. Pain 

assessment is a central component of TPS, enabling personal-

ized, dynamic pain management throughout recovery [38]. It 

helps identify high-risk patients, such as those with pre-existing chronic pain or substance use disorders, allowing for pro-

active, tailored pain management strategies. Regular 

assessments guide multimodal analgesia, helping adjust pain 

relief methods as needed and reducing reliance on opioids by 

facilitating opioid-sparing strategies. Figure 1.17 emphasizes 

the components of assessing pain. Pain assessment also plays 

a key role in preventing chronic pain by ensuring that acute 

[image: Image 24]
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Fig. 1.17  Components of assessment of pain

pain is effectively managed early, reducing the risk of long-

term pain and disability. Additionally, it supports opioid stew-ardship by guiding the tapering of opioids and identifying 

alternative pain management approaches. TPS includes fol-

low-up care to monitor pain progression, address complica-

tions, and adjust treatment plans as necessary. Psychosocial 

factors, such as anxiety or depression, are also assessed, providing a holistic approach to pain management that reduces 

the risk of chronic pain development. 

1.5 

 Conclusion

The assessment of acute pain is a critical component of effective patient care that requires a multifaceted approach. 

Anesthesiologists can utilize patient self-reports, comprehensive history-taking, and thorough physical examinations to under-
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stand the patient’s pain experience. It is necessary to be aware of the individual’s psychosocial factors and integrate this knowledge with standard assessment tools to enhance the accuracy of our evaluation. A meticulous assessment not only guides management strategies but also significantly improves patient outcomes and satisfaction. Continued education and practice in 

acute pain assessment are essential for fostering an effective healthcare environment. 
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Pain Pathways: From  

Periphery to Perception
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Abstract

Pain is a complex sensory and emotional experience involving 

multiple pathways from peripheral detection to central percep-

tion. This chapter explores the pain pathway, starting from nociceptors in the periphery that detect mechanical, thermal, and 

chemical stimuli, progressing through transduction and trans-

mission phases in the spinal cord, and culminating in percep-

tion within the brain. Neurotransmitters like glutamate and 

Substance P facilitate pain transmission, while inhibitory agents like GABA, norepinephrine, and endogenous opioids modulate 

and suppress these signals. The chapter also discusses critical elements in acute and chronic pain management, focusing on 

the modulation of neurotransmitter pathways to counteract pain sensitization. Additionally, classifications of pain types and mechanisms of peripheral and central sensitization are covered, highlighting recent therapeutic advancements aimed at targeting specific neurotransmitter pathways. This comprehensive 

view provides insights into potential treatment strategies for managing both acute and chronic pain conditions. 
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Key Points

•  Pain perception aims to alert the body’s defense system 

to respond to a stimulus to prevent additional tissue dam-

age. 

•  Pain involves a complex interplay of physiological and 

psychological processes, spanning from the peripheral 

sensory receptors that detect harmful stimuli to the brain, 

where these stimuli are interpreted as pain. 

•  The primary purpose of the PNS, which is made up of 

nerves and ganglia outside the brain and spinal cord, is to 

link the CNS to our body’s limbs and organs. 

•  In pain pathways, excitatory neurotransmitters like glu-

tamate and Substance P transmit the initial pain signal, 

while inhibitory neurotransmitters like GABA, norepi-

nephrine, and endogenous opioids work to suppress it. 

•  Disruptions in this balance are central to chronic pain 

and hyperalgesia. This complex interplay makes neu-

rotransmitters a primary focus for pain management 

strategies and pharmacological interventions aimed at 

modulating the pain pathway. 

•  The process by which a noxious stimulus is perceived as 

pain by an individual happens in four steps, viz., trans-

duction, transmission, modulation, and perception. 

2.1 

 Introduction

Pain is one of the most fundamental sensations we experience, 

serving as a protective mechanism that alerts us to potential harm. 

Pain involves a complex interplay of physiological and psycho-

logical processes, spanning from the peripheral sensory receptors that detect harmful stimuli to the brain, where these stimuli are 
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interpreted as pain. Understanding this pathway—commonly 

called the “pain pathway”—is crucial for deciphering how the 

body detects, transmits, and perceives pain. 

In addition to looking at how pain can be modulated at various points along the pathway, this chapter will also cover pain receptors, various neurotransmitters involved in transmitting pain signals to the spinal cord, and pain pathways within the spinal cord. 

It will highlight the key components of the pathway and elucidate the physiological, cellular, and molecular mechanisms underlying each step. 

2.2 

 Definition

The International Association for the Study of Pain (IASP) defines pain as “an unpleasant sensory and emotional experience associated with actual or potential tissue damage or described in terms 

of such damage” [1]. Pain perception aims to alert the body’s defense system to respond to a stimulus to prevent additional tissue damage. 

2.3 

 Classification  of Pain

Pain can be classified based on duration, aetiology, or anatomical location. 

2.3.1   Duration

 Acute Pain: Short-term pain that is usually associated with tissue injury or inflammation. It serves as an immediate warning system to the body. 

 Chronic Pain: Pain that persists or recurs for longer than three months is labelled as chronic pain. It refers to the pain that persists beyond the usual time frame for healing and may not 

be associated with any ongoing tissue damage. 
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2.3.2   Aetiology

Pain may also be classified as physiological or pathological. 

 Physiological: Pain that is physiological happens even when there is no real damage to tissues or nerves, and it acts as a signal of potential injury. 

 Pathological: When pain occurs after tissue damage it’s known as pathological pain. 

2.3.3   Location

 Somatic Pain: Originates from the skin, muscles, bones, or connective tissues. It is often well-localized, such that the individual can typically pinpoint the exact location of the pain. 

 Visceral Pain: Arises from internal organs such as the stomach, intestines, bladder, or uterus. It is usually less localized and more diffuse than somatic pain, often described as a deep, 

squeezing, or pressure-like sensation. This type of pain is 

harder to pinpoint and is frequently associated with an unpleasant, vague discomfort that may be felt over a broader area. 

2.4 

 Initiation, Processing, and Pathway

The peripheral nervous system (PNS) and central nervous system (CNS) mediate all types of pain perception. The primary purpose of the PNS, which is made up of nerves and ganglia outside the brain and spinal cord, is to link the CNS to our body’s limbs and organs (Fig. 2.1). The brain and spinal cord make up the CNS, which is primarily in charge of combining and interpreting the data received from the PNS and then coordinating all bodily functions before delivering a response to the effector organs. The events involved in the process are transduction, transmission or conduction, modulation, and perception. 

[image: Image 26]
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Fig. 2.1  Schematic representation of the pain pathway

2.5 

 Nociception

The pain pathway begins in the periphery, where specialized sensory receptors are known as nociceptors [2]. These are unencap-sulated cutaneous free nerve endings found throughout the body in the skin, joints, muscles, bones, and viscera (internal organs), and they detect potentially harmful stimuli and conduct signals from the periphery to the spinal cord. Every nociceptor possesses a unique receptive field. This indicates that upon stimulation of a specific area of skin, a single nociceptor will transduce the pain signal. Receptive fields vary in size throughout the body and may overlap with adjacent fields. 
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They are mainly sensitive to three types of noxious stimuli [3, 4]:

1.  Mechanical stimuli: Sharp objects, pressure, or pinching. 

2.  Thermal stimuli: Extreme temperatures (either heat or cold). 

3.  Chemical stimuli: Inflammatory mediators (e.g., bradykinin, prostaglandins) or irritants (e.g., acid). 

The two main functions of the nociceptors are signal trans-

mission (periphery to CNS) and synthetic function (substance P, calcitonin gene-related peptide, and glutamate). The transmission of noxious stimuli is modulated and facilitated by neu-

rotransmitters. 

2.5.1   Nociceptors

Nociceptors are specialized sensory receptors responsible for 

detecting painful stimuli. They play a crucial role in the pain pathway and can be classified based on their morphology, function, and the type of fibers associated with them. 

2.5.1.1   Types  of Nociceptors

Aδ Fibers

Aδ fibers are a type of nociceptive afferent fiber that play a crucial role in transmitting fast pain signals from peripheral receptors to the CNS.  These fibers are myelinated, which allows for faster conduction of nerve impulses compared to unmyelinated fibers 

(like C fibers). They typically range from 1 to 5 μm in diameter. 

The conduction velocity is approximately 5 to 30 meters per second, enabling quick transmission of pain signals. 

Aδ fibers primarily transmit sharp, localized pain (often 

referred to as “fast pain”) that occurs immediately following an injury. This type of pain is usually well-localized and can be easily pointed out by the person experiencing it. They are also 

involved in the perception of thermal pain, particularly in response to extreme temperatures. Aδ fibers can be activated by mechanical stimuli like intense pressure or trauma to the skin or thermal stimuli like extreme temperatures (both hot and cold) [5, 6]. 
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Aδ fibers originate from nociceptors located in the skin, mus-

cles, and joints. Thereafter, they enter the spinal cord through the dorsal root and synapse in the dorsal horn, primarily with second-order neurons. Signals are transmitted to the brain via pathways like the spinothalamic tract, reaching areas such as the thalamus and sensory cortex for pain perception [7, 8]. 

Aδ fibers are crucial in acute pain responses, such as those 

experienced from cuts or burns. Understanding the function of Aδ 

fibers helps inform treatment strategies for acute pain relief, such as local anesthetics and certain analgesics. 

C Fibers

C fibers are a type of unmyelinated nerve fiber found in the PNS, known for their role in transmitting slow, diffuse pain and other sensory signals. C fibers play a critical role in both acute and chronic pain, serving as the body’s way of signaling potential damage and eliciting protective responses. They are thin, with a diameter of 0.2 to 1.5 μm, significantly smaller than myelinated fibers. They conduct impulses at speeds of 0.5 to 2 meters per second, making them the slowest nerve fibers. 

C fibers are found in almost all tissues, including skin, muscles, joints, and internal organs, allowing them to sense and report pain from almost any location. C fibers are primarily involved in transmitting dull, aching, and throbbing types of pain. This pain is often poorly localized and can be chronic or persistent, as opposed to the sharp, well-localized pain transmitted by Aδ fibers. They also carry information related to warm temperatures and certain types of itch sensations, especially those triggered by chemical stimuli. 

Some C fibers, particularly those found in hairy skin, respond to gentle touch and are involved in emotional and social touch. 

C fibers are often nociceptive, meaning they respond to nox-

ious (harmful) stimuli that can cause tissue damage. The endings of C fibers act as nociceptors, detecting pain from mechanical, thermal, or chemical damage. Many C fibers are polymodal, 

meaning they can respond to multiple types of stimuli, including heat, chemical irritants, and tissue injury, making them versatile in the sensation of pain. Chronic stimulation of C fibers can lead to sensitization, where even non-noxious stimuli start to be per-
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ceived as painful. This phenomenon is termed as allodynia and is implicated in chronic pain conditions like neuropathic pain and fibromyalgia. 

C fibers are integral to the body’s pain response, particularly in chronic pain. In conditions of inflammation, these fibers increase their sensitivity, reducing their firing threshold and leading to persistent pain. Factors like tissue acidosis, which lowers the pH at the site of injury, and ATP release from damaged cells stimulate the nociceptive response by activating specific channels on C 

fibers. Recent studies have shown that thermal changes can significantly enhance these responses, which is why localized heating may worsen the sensation while cooling may temporarily 

reduce pain [9–11]. 

Current research is exploring therapeutic strategies that target C-fiber sensitization to manage chronic pain. Modulating TRPV1 

and TRPA1 channels, for example, has shown potential in reduc-

ing hypersensitivity and may offer relief in chronic pruritus and 

pain conditions [12, 13]. 

2.5.2   Neurotransmitters

In pain pathways, neurotransmitters play a crucial role in transmitting pain signals from the site of injury through the spinal cord to the brain. These pathways involve multiple neurotransmitters that either facilitate (excitatory) or inhibit (inhibitory) pain signaling, impacting both acute and chronic pain perception [14–16]. 

2.5.2.1   Glutamate

It is the primary excitatory neurotransmitter in the pain pathway. It binds to receptors like NMDA, AMPA, etc., on the post-

synaptic neurons, leading to an influx of calcium and sodium 

ions and, thus, neuronal excitation. It plays a prominent role in the transmission of fast, sharp pain signals in the spinal cord’s dorsal horn. 

Excessive glutamate activity can lead to sensitization and 

hyperalgesia, contributing to chronic pain. NMDA receptor 

antagonists (e.g., ketamine) are used in pain management. 
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2.5.2.2   Substance  P

It is an excitatory neuropeptide that amplifies pain signals. It is released by primary afferent fibers in response to painful stimuli and works by binding to neurokinin 1 (NK1) receptors. Substance P facilitates transmission in the dorsal horn and promotes vasodilation and inflammation at injury sites. Its elevated levels are associated with chronic pain conditions like fibromyalgia and arthritis. 

Hence, NK1 receptor antagonists have been explored as potential pain treatments. 

2.5.2.3   Calcitonin Gene-Related Peptide (CGRP)

It’s a potent vasodilator and pain transmitter. It is released alongside Substance P from C fibers and binds to CGRP receptors, thus contributing to inflammation and enhancing the perception of 

pain. It is involved in the transmission of migraine pain and other inflammatory pain conditions. 

CGRP antagonists have been developed to block CGRP signal-

ing and to reduce pain in certain headache disorders (e.g., for migraine). 

2.5.2.4   GABA (Gamma-Aminobutyric Acid)

It’s the primary inhibitory neurotransmitter that dampens pain signaling. It binds to GABA-A and GABA-B receptors, causing 

an influx of chloride ions and hyperpolarization of the neuron, making it less likely to fire. GABA inhibits nociceptive transmission in the spinal cord’s dorsal horn. Low GABA levels are associated with conditions like neuropathic pain. 

2.5.2.5   Endorphins  and Enkephalins

These are natural opioids that inhibit pain transmission. They bind to opioid receptors (e.g., mu, delta, kappa) on neurons in the brain and spinal cord, inhibiting neurotransmitter release and reducing excitability. They modulate pain perception in the CNS by inhibiting pain signals at various points along the pathway. 

Synthetic opioids mimic endorphins to relieve severe pain. 

However, due to addiction and tolerance risks, they are used cautiously. 
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2.5.2.6   Norepinephrine

It modulates pain transmission in both excitatory and inhibitory ways depending on receptor types and locations. It activates 

alpha-2 adrenergic receptors in the dorsal horn, inhibiting the release of excitatory neurotransmitters and reducing pain signals. 

Additionally, it acts in descending pain pathways originating from the brainstem that help to suppress pain. 

Medications like clonidine and dexmedetomidine (alpha-2 

adrenergic agonists) use this pathway to treat certain pain types, including neuropathic pain. 

2.5.2.7   Serotonin  (5-HT)

It’s involved in descending pain inhibition and can modulate both inhibitory and excitatory effects. It activates 5-HT receptors in the spinal cord, which can reduce the perception of pain. The descending serotoninergic pathways inhibit nociceptive transmission at the spinal cord level. 

Tricyclic antidepressants, which increase serotonin levels, are used to treat certain chronic pain conditions due to serotonin’s pain-modulating effects. 

2.5.2.8   Dopamine

It modulates pain perception, especially chronic pain. It binds to dopamine receptors, which can modulate pain in the CNS by 

reducing the intensity of the pain signal. Dopamine pathways in the brain influence pain perception, especially in the limbic system, which processes emotional responses to pain. 

Dopamine dysfunction is often seen in chronic pain patients, 

especially those with fibromyalgia and other central sensitization syndromes. 

Table 2.1 summarizes additional neurotransmitters involved in pain pathways, including their roles, mechanisms, and clinical relevance. These neurotransmitters complement primary pain-related neurotransmitters and provide further therapeutic avenues in pain management. 
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Table 2.1  A summary of additional neurotransmitters which complement primary pain-related neurotransmitters

Clinical 

Neurotransmitter

Role in pain

Mechanism

relevance

Aspartate

Excitatory 

Binds to NMDA  Often works in 

neurotransmitter  receptors, like 

conjunction 

contributing to 

glutamate, 

with glutamate 

pain 

facilitating 

in acute and 

transmission

neuronal 

chronic pain; 

excitation

modulating 

NMDA 

receptors can 

aid in pain 

management

Adenosine

Generally, acts 

Binds to A1 and  A1 receptor 

as an inhibitory  A2A receptors, 

agonists are 

neuromodulator,  which inhibit 

being explored 

reducing pain

neurotransmitter  for neuropathic 

release and 

and 

reduce 

inflammatory 

inflammation

pain relief

Histamine

Modulates 

Binds to H1, H2,  Antihistamines 

inflammatory 

H3, and H4 

can reduce pain 

pain responses

receptors, 

in allergic or 

promoting 

inflammatory 

inflammation 

conditions

and vasodilation

Nitric oxide (NO)

Modulates pain  Diffuses across 

NO synthesis is 

sensitization and  membranes, 

linked to 

contributes to 

influencing 

central 

chronic pain

synaptic 

sensitization in 

plasticity and 

chronic pain; 

neurotransmitter  NO inhibitors 

release, 

are explored in 

especially 

neuropathic 

glutamate

pain 

management

(continued)
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Table 2.1 (continued)

Clinical 

Neurotransmitter

Role in pain

Mechanism

relevance

Cannabinoids 

Reduces pain 

Binds to CB1 

Cannabis-based 

(endocannabinoids) perception and 

and CB2 

treatments 

inflammation

receptors, 

target these 

modulating 

receptors, 

neurotransmitter  effective in 

release and 

certain types of 

inflammatory 

chronic and 

responses

neuropathic 

pain

Neurotensin

Modulates pain,  Interacts with 

Elevated in 

with both 

neurotensin 

inflammatory 

excitatory and 

receptors, 

pain; potential 

inhibitory 

influencing other  therapeutic 

effects

neurotransmitter  target for 

releases

modulation in 

chronic pain

 A1,  A2A: Adenosine receptors;  H1,  H2,  H3, and  H4: Histamine receptors; CB1,  CB2: Cannabinoid receptors;  NMDA: N-Methyl-D-Aspartate;  NO: Nitric Oxide

2.6 

 Physiology  of Pain

The process by which a noxious stimulus is perceived as pain by an individual happens in four steps, viz., transduction, transmission, modulation, and perception. 

2.6.1   Transduction

The process by which noxious stimuli, such as mechanical, thermal, or chemical injury, are converted into an electrical signal (action potential) by specialized sensory receptors (nociceptors) 

[17–19]. Following tissue trauma, the affected cells release chemicals (like prostaglandins, bradykinins, and substance P), activating receptors at peripheral axons that convert the stimulus into an electrical signal. These receptors can function alone or in combi-

2  Pain Pathways: From Periphery to Perception 43

nation to identify and intensify signals produced by noxious stimuli, initiating the electrical impulses sent to the CNS as part of the pain pathway. This process begins by opening transmembrane ion channels on the surface of nociceptor nerve endings, allowing 

Na+, K+, and Cl− ions to enter the neuron and membrane depolarization. This process is directly proportionated to the intensity of the stimulus [17, 20]. 

2.6.2   Transmission

Transmission refers to the process by which the electrical signals (action potentials) generated during transduction are transmitted from the site of injury to the brain. The two fibers that transfer pain signals during this process are the Aδ fibers [4, 21, 22], 

which have a quick and sharp sensation, and the C fibers, which have a delayed sensation. Aδ and C fibers form synapses with 

neurons in laminas I and V and laminas I and II [23], respectively, in the dorsal horn of the spinal cord, where both fibers terminate. 

From there, the signals are transmitted through ascending pathways (mainly the spinothalamic tract) to the brain, where pain is perceived. The cells of the dorsal horn are highly malleable, which allows pain impulses to be altered or “gated” there. Different types of neurons occupy a distinct stage in the pathway that relays signals from peripheral tissues to the brain. 

2.6.2.1   First-Order  Neurons

These neurons carry impulses from the nociceptors to the spinal cord. Their cell bodies are in the dorsal root ganglia of the spinal nerves. Their axons extend from the peripheral sensory receptors to the spinal cord or brainstem. 

2.6.2.2   Second-Order  Neurons

These neurons serve as a bridge connecting the brainstem and spinal cord to higher brain regions, receiving messages from the 

first-order neurons. They relay the signal from the spinal cord (or brainstem) to the thalamus, which is the major relay station for sensory information in the brain. Second-order neurons carry on 
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the transmission to the CNS through the two most prominent 

pathways; the spinothalamic tract and the spinoreticular tract. 

These tracts often cross over (decussate) to the opposite side of the spinal cord or brainstem before ascending to the thalamus. 

Spinothalamic tract is the major pain pathway in humans. 

Second-order neurons in the dorsal horn send their axons across the midline of the spinal cord and ascend to the brainstem and thalamus, where they synapse with third-order neurons. It has two divisions:

Lateral Spinothalamic Tract: This transmits information for 

the location, intensity, and quality of pain (the sensory- 

discriminative aspect). 

Anterior Spinothalamic Tract: This transmits information 

related to the emotional and motivational aspects of pain. 

The spinoreticular tract is involved in the emotional and arousal aspects of pain. Signals from the spinoreticular tract project to the reticular formation in the brainstem, which then sends signals to the thalamus and other brain regions involved in emotional 

responses. 

Additionally, the spinomesencephalic tract carries pain signals to the periaqueductal gray (PAG) in the midbrain, where descending pain control mechanisms are initiated. This pathway plays a crucial role in pain modulation and the release of endogenous opioids. 

2.6.2.3   Third-Order  Neurons

These transmit the sensory information from the thalamus to the appropriate region of the cerebral cortex, where the signal is finally processed and interpreted. Third-order neurons relay the signal from the thalamus to the primary somatosensory cortex in the parietal lobe of the brain. The cell bodies of third-order neurons are in the thalamus. Their axons project to specific areas of the cortex, where the sensory information is perceived, localized, and understood (e.g., pain, temperature, touch). The perception, location, and emotional aspects of pain are mediated by third-order neurons in the thalamus. 
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2.6.3   Modulation

The process by which the body modifies a pain signal as it travels along the pain pathway is known as pain modulation, and it helps to explain why different people may react differently to the same painful stimuli.  Pain modulation can occur at multiple levels within the nervous system, particularly in the spinal cord and brain. It involves several pathways, neurotransmitters, and endogenous (natural) substances that can either enhance (facilitate) or suppress (inhibit) pain signals. 

2.6.3.1   Descending Pain Modulation

Descending modulation refers to the brain’s ability to influence pain perception by sending signals down the spinal cord to either inhibit or enhance pain. Two crucial brain regions involved in descending inhibitory regulation are the rostral ventromedial 

medulla (RVM) and the periaqueductal grey (PAG) in the mid-

brain [24,  25]. High levels of endogenous opioids and opioid receptors are found in both locations, which explains the analgesic properties of opioids. Activation of PAG leads to the release of inhibitory neurotransmitters (such as serotonin and norepinephrine) to reduce the intensity of the pain signal. 

2.6.3.2   Ascending Pain Modulation

Ascending pathways transmit pain signals from the site of injury to the brain. However, pain signals can be modulated in the spinal cord before they reach higher centers. This modulation primarily occurs at the level of the dorsal horn of the spinal cord, where sensory neurons synapse. One of the most well-known mechanisms of pain modulation at the spinal level is the gate control theory, proposed by Melzack and Wall in 1965 [26–28]. This theory suggests that a non-painful stimulus can “close the gate” to painful stimuli by activating inhibitory interneurons in the dorsal horn. For example, rubbing a painful area can help reduce the 

sensation of pain by activating touch receptors that inhibit nociceptive signals. 
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2.6.4   Perception

Both the sensory and emotional aspects of pain are processed by several interrelated brain regions, making pain perception a multifaceted and intricate experience. When nociceptors, or specialized pain receptors, detect painful stimuli, signals are sent to the spinal cord via peripheral nerves. Information from third-order neurons that go to the cerebral cortex is mostly processed in the thalamus. The thalamus acts as a sensory relay station, directing pain signals to different parts of the brain for processing [29]. It plays a pivotal role in the perception of pain, particularly its location, intensity, and duration. Somatosensory cortex, anterior cingulate cortex (ACC), insula, prefrontal cortex, amygdala are the primary brain areas involved in pain perception [30]. 

2.7 

 Peripheral  Sensitization

Peripheral sensitization occurs when nerve endings in the PNS 

become more sensitive to stimuli following an injury or inflammation. This heightened sensitivity results from chemical changes around the damaged or inflamed area. When tissue is injured or inflamed, cells release chemicals like prostaglandins, histamine, bradykinin, and cytokines. These chemicals activate and increase the sensitivity of nociceptors in the area. This process lowers the activation threshold of the nociceptors, meaning even light 

touches or mild heat, which would typically not cause pain, can trigger a pain response. 

2.8 

 Central  Sensitization

Central sensitization occurs when neurons in the CNS become 

hypersensitive. This increased sensitivity makes pain signals 

stronger and more widespread, and it can persist even after the original injury or inflammation has healed. Central sensitization is a significant contributor to chronic pain syndromes, such as fibromyalgia, migraines, and chronic low back pain. In central sensiti-
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zation, prolonged pain signaling from the PNS causes structural and functional changes in the CNS.  These changes lower the 

threshold for pain and amplify the response to pain signals, causing normal sensations to feel painful (allodynia) and painful sensations to feel worse than they would otherwise (hyperalgesia). 

2.9 

 Hyperalgesia

It is a phenomenon where there is an exaggerated response to 

painful stimuli, meaning a stimulus that would typically cause mild pain results in an unusually intense pain experience. This heightened sensitivity can result from both peripheral and central mechanisms and is commonly associated with chronic pain conditions. 

2.10   Allodynia

It is a condition in which a person experiences pain from stimuli that would not normally be painful. For instance, a gentle touch, brushing of the skin, or even a light breeze can cause pain in individuals with allodynia. It is commonly associated with conditions involving chronic pain. 

2.11   Conclusion

The pain pathway is a complex and highly coordinated system 

that involves multiple layers of sensory processing and modulation, from peripheral nociceptors detecting harmful stimuli to the brain interpreting these signals as pain. This pathway not only allows us to respond to injury and protect ourselves but also provides opportunities for therapeutic intervention in cases of chronic or pathological pain. By understanding the mechanisms underlying pain transmission and perception, clinicians and researchers can develop more effective treatments for managing pain and 

improving quality of life. 
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Pre-emptive or Preventive 

Analgesia

3
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Abstract

Preventing or minimizing central nervous system sensitivity 

and sensory disruptions during surgery, extending the duration of pain relief, and minimizing the use of analgesics are the best ways to manage postoperative pain. Taking effective measures 

to relieve pain in advance and reduce the pain sensitivity of 

central and peripheral nerves before harmful stimulation by 

surgery can accelerate the recovery of patients and signifi-

cantly reduce the patient’s surgical trauma and postoperative 

pain compared with analgesia given after the start of pain. The intervention of central neuraxial sensitization and peripheral sensitization to stop the spread of pain and achieve postoperative pain relief is known as preemptive analgesia (PA). PA has emerged as a popular therapeutic approach for anesthesiologists treating postoperative patient-controlled analgesia. 

Clinical guidelines for advanced analgesia are still missing, 

though. 
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Key Points

•  Preventive analgesia reduces perioperative pain by inhib-

iting central and peripheral sensitization. 

•  Central sensitization is a complex process that occurs 

due to an increase in membrane excitability in response 

to noxious stimuli of surgery. 

•  The main aim of preventive analgesia is to reduce acute 

pain, prevent chronic pain, reduce the need for analgesic 

drugs, and decrease hospital stay after surgery. 

•  The best intervention for preventive analgesia is to use a 

combination of different modalities that act on different 

pain receptors. 

•  The plan for analgesia is based on the type of surgery, 

duration of surgery, patient factor, and best route of drug 

administration. 

3.1 

 Introduction

The concept of pre-emptive analgesia (PA) was first introduced by 

“Crile” in the early twentieth century and refers to the reduction of postoperative pain by administering analgesics before surgical incision [1]. Acute postoperative pain is the result of tissue injury to neuronal or visceral structures during surgical procedures. The idea of  PA for the treatment of acute pain was based on experi-ments based on the hypothesis that preventing access to noxious stimuli to the central nervous system (CNS) is more beneficial than administering analgesics after surgery [2]. It has been esti-

mated that acute postoperative pain is followed by persistent pain in 10–50% of patients and that it may be severe in approximately 

2–10% of these patients [3]. Therefore, persistent postoperative pain has increasingly come into focus in recent years. 
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The main reason for persistent pain is unrelieved severe peri-

operative pain, which can be reduced by aggressive preventive 

methods such as analgesics, nerve blocks, and multimodal anal-

gesia. The terms “pre-emptive” and “PA” are used interchange-

ably and there is confusion and controversy regarding the 

terminology. Preventive analgesia refers to any procedure before the incision that prevents the development of central sensitization due to incisional and inflammatory injuries [4]. “Preventive” analgesia assumes that the only way to prevent central sensitization is to completely block all pain signals from the surgical wound from the time of skin incision until final wound healing [5]. Preventive analgesia focuses on the intensity and duration of analgesic treatment [6]. The term “preventive analgesia” is now considered a more appropriate term as it includes all perioperative measures performed during the perioperative period to relieve postoperative pain and reduce the consumption of analgesics [7] (Fig. 3.1). 

Several unique factors can contribute to postoperative pain, 

including preoperative traumatic stimulation and pre-existing 

pain, intraoperative surgical incisions, postoperative inflammatory response, and ectopic neuron activation. Therefore, minimizing the impact of factors that aid in inhibiting peripheral and Fig. 3.1  The concept of preventive analgesia
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central sensitization in the three stages of sensitization and preventing the transmission of pain signals from tissue damage to wound healing are the best approaches. 

Initially, there’s a phase focused on pain perception, then 

comes the second phase where impulses are relayed from the outermost regions to the dorsal horn (DH), situated within the spinal cord, through the peripheral nervous system (PNS). Ultimately, the third phase involves transmitting these signals to the superior brain regions using the central nervous system (CNS). In addition, the surgical procedure, magnitude, duration, operation time, analgesic methods, and the nature of analgesic drugs before the tissue injury will also affect the degree of pain after the operation. 

Conduction of pain from the periphery to the center is a complex process and depends on the balance between excitatory and inhibitory systems. One or several stages of pain transmission can be blocked to prevent peripheral and central hypersensitivity. The use of PA reduces postoperative pain, opioid consumption, and 

postoperative nausea or vomiting, and delays rescue analgesia [8]. 

After the concept of PA gained widespread acceptance, the benefits of PA in relieving postoperative pain and reducing analgesic consumption received clinical and research attention for many 

years. 

3.1.1   Molecular Mechanism of Central 

and Peripheral Sensitization

In 1989, Woolf and King coined the term “central sensitization” 

after the studies showed that the motor and sensory changes following peripheral tissue injury were related to the peripheral activation of afferent C fibers in the spinal cord and they developed hyperexcitability over time due to the injury [9]. The pathophysiological process by which the CNS undergoes structural, func-

tional, and chemical changes to make it more sensitive to stimuli is called central sensitization [10]. These changes are responsible for hyperalgesia, allodynia, and secondary hyperalgesia. A few terminologies, commonly used, are listed below:
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•  Hyperalgesia: It is a condition in which a person experiences increased pain sensitivity. 

•  Allodynia: Pain is felt due to a stimulus that does not normally cause pain, such as touch. 

•  Secondary hyperalgesia: There is increased sensitivity to 

mechanical pain in areas not directly affected by injury. 

3.1.2   Peripheral  Sensitization

The establishment of sensitization in the periphery involves the transition from high-threshold nociceptors to low-threshold nociceptors, which is induced by the release of various chemicals 

shortly after surgical incision. A complex array of inflammatory mediators arises at the site of damage and are mobilized from 

injured tissue, while others are delivered via the circulation. 

Small-diameter primary afferent neurons, Aδ and C fibers, which innervate the region of injury, subsequently enter a state that is characterized by sustained discharge, a lowered activation threshold, and excitation induced by supra-threshold stimulation (hyperalgesia). The center of a surgical wound, which is the primary zone of injury, is expected to exhibit static mechanical hyperalgesia [11] (Fig. 3.2). 

The following factors play an important role in peripheral sensitization, as listed below:

Fig. 3.2  Peripheral sensitization during inflammation
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(a)  Upregulation of active nociceptors. 

(b)  Sensitization of the primary afferent terminals. 

(c) Generation of ectopic discharges as a result of increased 

sodium and calcium channel activity. 

(d)  Phenotype switching results in increased production of excitatory neuropeptides like substance P, CGRP, etc. 

(e) Somatic-sympathetic coupling: Catecholamines bind and 

stimulate sensitized nociceptors to generate an action poten-

tial. 

3.1.3   Central  Sensitization

The molecular mechanism of central sensitization is a complex 

process involving an early, nociceptor-driven response. 


Nociplastic pain, previously known as central sensitisation is due to an increase in membrane excitability, synaptic efficacy, and reduced inhibition of somatosensory and nociceptive pathways in response to nociception, inflammation, and nerve dam-

age [12]. Tissue injuries release chemicals such as leukotrienes and potassium. Platelets release serotonin and vascular injury results in the release of bradykinin from plasma, leading to the activation of nociceptors [13,  14]. This activation causes the release of nociceptive signals via the nociceptors of the A and C 

fibers to the dorsal horn of the spinal cord, which in turn release neurotransmitters such as excitatory amino acids, glutamate, 

and aspartate, as well as substances such as substance P and calcitonin gene-related peptide, which increase the responses of the dorsal horn neurons, resulting in central sensitization [15]. 

The following factors are components of central sensitization: (a) Central reorganization—Following nerve damage, A beta 

fibers converge in lamina II and synapse with neurons con-

veying nociception resulting in mechanical allodynia. The 

area of pain increases along the distribution of other nerves 

due to the activation of interneurons at the spinal level. There is a loss of function of descending inhibitory pathways. 
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(b)  Disinhibition—Downregulation of GABA, glycine, and opi-

oid receptors in the dorsal horn of the spinal cord. 

(c)  Ectopic  discharges. 



(d) Windup phenomena—Repeated stimulation of C fibers 

results in temporal summation of inputs and results in an 

increase in the excitatory stimulus. 

(e)  Activation of wide dynamic range neurons [16]. 

3.1.4   Mechanisms of Acute Versus Chronic Pain

In the past, there have been two major models of pain. The first stated that there are specific pain pathways that are activated by peripheral pain stimuli and that the intensity and duration of pain depend only on the input. Acute pain was considered a protective phenomenon against noxious stimuli that activated a peripheral nerve that sent signals to the brain via the spinal cord. But now we know that this process is more complicated and that these stimuli are received neurochemically, signals are amplified or inhibited in the brain, and the modulated messages are sent back through special neural pathways [17]. The second model is the “gate control theory” which suggests that substantia gelatinosa in dorsal horn of spinal cord acts as a gate and modulates transmission of pain signals to the brain. For example, in chronic pain, neuroplasticity makes nerves more sensitive to stimulation, and pain signaling is not just a protective response to noxious stimuli. Rather, pain signals are a result of maladaptive changes in the nervous system and not necessarily a response to acute nociceptive stimuli [18]. 

3.2 

 Preoperative  Preparation

Patients undergoing minor or major surgery are prone to post-

operative pain. The problem of inadequate postoperative pain 

control can lead to adverse physiological effects in the immediate postoperative period. There is an increased risk of developing chronic pain related to the procedure. Therefore, for effective management of postoperative pain, the anesthesiologist must have a well-formulated and patient-centric perioperative pain manage-
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ment strategy. Before any procedure, it is prudent to review the patient’s medical history; to identify the risk factors and comorbidities that may influence the severity of postoperative pain. 

Careful pain management should consider the type of procedure, previous pain reactions, previous exposure to pain medications, current medications, fears or concerns about future pain, and history of chronic opioid use. It has also been reported in the literature that patients who underwent major spinal, orthopedic, or 

traumatic extremity surgeries had higher postoperative pain scores 

[19]. Preoperative opioid use and dependence have also been found to be associated with greater postoperative pain levels and 

increased opioid requirements (discussed separately in Chap. 7). 

Preoperative psychological factors such as catastrophism, depression, anxiety, and pain expectancy are also important predictors of high postoperative acute pain intensity. 

3.3 

 Chronic Postsurgical Pain (CPSP)

Chronic postsurgical pain (CPSP) was first defined by Macrae and Davies [20] in 1999 and later expanded by Macrae in 2001 [21] 

and refers to pain after any surgical procedure lasting at least 2  months, with all other causes of pain excluded. The updated definition proposed by Werner and Kongsgaard in 2014 “pain that is localized to the surgical site or a referred area, lasts for at least three months following surgery, was absent before surgery, or differs from preoperative pain in terms of its characteristics or intensity” [22]. Inflammatory processes or the triggering of neuropathic 

pain by peripheral nerve damage during surgery leads to severe tissue damage. The incidence of CPSP varies between different 

surgeries, ranging from 5% to 85% [23]. There is no definitive way to prevent it, but it is generally accepted that multimodal analgesia, recognition of the risk factor, and the use of minimally invasive surgical procedures (that avoid nerve damage) help prevent long-term postoperative pain. Risk factors for CPSP include approach and type of surgery, patient factors such as women being more susceptible, young adults, genetic predisposition, and psychosocial factors (Fig. 3.3). 
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Fig. 3.3  Chronic post-surgical pain development

3.4 

 Adverse Effect of Postsurgical Pain

Unrelieved postoperative pain results in physical, cognitive, and emotional discomfort, leading to significant morbidity and mortality. It can also lead to delayed recovery, longer hospital stays, greater utilization of healthcare resources, and higher healthcare costs. Anger and resentment can be expressed as a result of ongoing, unrelieved sorrow. Patients become depressed and helpless as a result of losing control over their surroundings. 

3.4.1   Physiological Consequences of Unrelieved 

Pain

 Cardiovascular system: The overactivity of the autonomic nervous system brought on by pain leads to sympathetic activa-

tion, which raises the cardiac workload, raises the myocardial oxygen demand, and lowers the myocardial oxygen supply. 

Myocardial ischemia, angina, and myocardial infarction may 

result from this [24]. 
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 Respiratory system: Pain after thoracic and upper abdominal surgery can cause pulmonary dysfunction, reduce vital capacity 

by 40–60%, and increase pulmonary complications as above 

[25,  26]. Spasms of the respiratory and abdominal muscles 

(splinting) due to noxious stimuli from the injured area can 

lead to hypoventilation and hypoxia. 

 Gastrointestinal system: Increased sympathetic activity due to severe pain can lead to increased gastrointestinal secretion, 

increased smooth muscle sphincter tone, and decreased intesti-

nal motility, resulting in ileus, nausea, and vomiting. 

 Coagulation: Surgical stress triggers a metabolic response that increases thromboembolism, venostasis, deep vein thrombosis, and platelet aggregation. This is further worsened by 

immobilization brought on by insufficient pain management. 

 Renal system: Urinary sphincter tone is increased, bladder tone is inhibited, and urine retention occurs as a result of the surgical response’s enhanced sympathetic activity. 

3.5 

 Prevention of Postoperative Pain by 

Preventive Analgesia

Preventive analgesia includes multimodal interventions to reduce nociceptive stimuli. It is started preoperatively and extended to the postoperative period. It helps relieve postoperative pain and reduces unwanted side effects, allowing for faster recovery and earlier hospital discharge [27]. 

To formulate an effective plan for preventive analgesia, several critical factors must be carefully considered to ensure optimal pain management. These factors span the procedure itself, the 

patient’s characteristics, and the pharmacological tools available, along with an ongoing assessment strategy to ensure effectiveness. The following elements must be addressed:

•   Type of procedure—It plays a significant role in determining the approach to analgesia. Different surgical procedures generate varying levels of pain. For instance, major surgeries such as 
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open abdominal procedures or orthopedic surgeries may 

require more aggressive pain management strategies compared 

to minor procedures like laparoscopic surgeries or superficial excisions. 

•   Location, duration, and intensity of injury—The location of the injury or surgical site is important, as pain from certain anatomical regions (such as the abdomen or thorax) can be 

more intense and complex compared to others (such as super-

ficial wounds). The duration of the injury or procedure will 

influence the need for longer-acting or extended-release anal-

gesics. The intensity of injury also plays a crucial role. For example, trauma to highly innervated areas may require more 

intensive pain control compared to less sensitive regions. 

•   Patient characteristics—Patient personality or behavior can impact how they experience and report pain. Some patients 

may have heightened pain sensitivity or a low pain tolerance, 

necessitating a more individualized approach to analgesia. 

•   Pre-existing comorbidities (such as diabetes, hypertension, or renal dysfunction) must be considered when choosing analgesics, as certain drugs may be contraindicated or require dose 

adjustments based on the patient’s overall health. 

•  The  postoperative course is a key consideration. For patients who are likely to require an intensive care unit (ICU) stay, continuous or more potent analgesia may be necessary to ensure 

comfort and minimize stress response. Conversely, those on 

the ward may be better managed with oral medications or less 

aggressive intravenous (IV) options. 

•  Whether the patient is intubated or extubated is another important factor, as intubated patients often require deeper levels of sedation and analgesia to ensure comfort and prevent awareness during mechanical ventilation. 

•   Pharmacological options available—There is a wide range of pharmacological agents available for preventive analgesia, and the choice of drug depends on the procedure, patient factors, 

and potential for side effects. These options include opioids, non-opioid analgesics, NSAIDs, and local anesthetics. For 

example, IV opioids may be needed in the immediate postop-
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erative period, while oral analgesics can be used for sustained pain relief once the patient is stable. 

•   Methods of drug administration—Continuous infusion, intermittent bolus, or patient-controlled analgesia (PCA) are different methods of drug delivery. The method selected should 

reflect both the pain intensity and the patient’s ability to manage analgesia. 

3.6 

 Interventions for Preventive Analgesia

Different treatment modalities can be practiced. Preventive analgesics can be used individually or in combination. However, 

regional anesthesia and intravenous opioids have been studied 

more extensively and found to be more beneficial. Other options include nonsteroidal anti-inflammatory drugs (NSAIDs), 

N-methyl-D-aspartate (NMDA) receptor antagonists, nerve 

blocks, neuraxial local anesthetics, neuraxial opioids, intravenous or epidural ketamine, and lidocaine. 

3.6.1   Regional  Anesthesia

Various neuraxial and peripheral regional techniques can be used. 

These are site-specific, superior to systemic opioids, and reduce mortality and morbidity [28]. 

(a)   Single-dose neuraxial opioids

Opioids can be administered directly in the subarachnoid 

space or into the epidural space. The hydrophilic opioid (mor-

phine or hydromorphone) has a delayed onset and longer 

duration of action. It has a common side effect due to supra-

spinal spread. Lipophilic opioids such as (fentanyl and sufen-

tanil) have a rapid onset and shorter duration of action but 

may cause delayed respiratory depression. Depending on the 

type of surgery and the patient’s profile, either lipophilic or hydrophilic opioids can be administered as a single dose 
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intrathecally or epidurally. When the epidural catheter’s position is not near the surgical incision, a single dosage of hydrophilic opioids is very beneficial for postoperative epidural 

analgesia. 

(b)   Continuous Epidural Analgesia (CEA)

Epidural infusion of local anesthetics has a higher incidence 

of hypotension so they are used with adjuvants such as opi-

oids [29]. Continuous epidural anesthesia is not commonly used for PA. However, one study by Farouk showed that continuous epidural magnesium, when started before anesthesia, 

can offer PA and an analgesic-sparing effect without increas-

ing side effects [30]. 

(c)   Patient-Controlled Epidural Analgesia (PCEA)

In addition to offering better analgesia than intravenous 

patient-controlled analgesia (IV PCA), PCEA has benefits 

over CEA, including reduced analgesic requirements and 

increased patient satisfaction. Low concentrations of local 

anesthetics mixed with opioids work better together to con-

trol pain than they do separately. 

(d)   Peripheral Regional Blocks

This can give site-specific analgesia and can be administered 

as a single injection or as a continuous infusion. Peripheral 

blocks have several advantages over neuraxial blocks, such as 

a lower risk of spinal hematoma and less hemodynamic insta-

bility. They can be given to patients with hemodynamic insta-

bility or patients with abnormalities in hemostasis or infection. 

The duration and quality of nerve blocks can be prolonged 

with adjuvants such as dexamethasone, clonidine, or dexme-

detomidine, etc. Continuous infusion via a peripheral nerve 

catheter facilitates early postoperative rehabilitation, shortens hospital stay, and increases mobility. Paravertebral block and thoracic epidural provide the same analgesic effect, but paravertebral block has a better safety profile in terms of less 

hypotension although pneumothorax remains a potential 

complication. Continuous infusions provide better pain con-

trol than intermittent doses [31]. 
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3.6.2   Intra-articular and Local Infiltration 

Analgesia

Up to 72  h following high-volume local anesthetic infiltration, patients undergoing total knee arthroplasty (TKR) and total hip arthroplasty (THR) had lower pain levels and opioid needs, 

according to a systemic study [32]. A brief period of postoperative analgesia is provided by intra-articular injection of NSAID and local analgesia. The peripheral end of the principal efferent nerves contains peripheral opioid receptors. Following local opioid 

delivery, these receptors provide postoperative analgesia because they are increased during inflammation. Nevertheless, some 

research indicates that morphine injected intra-articularly following knee surgery has no analgesic effect [33]. 

3.6.3   Systemic  Analgesics

3.6.3.1   Opioids

Compared to regional analgesia, there are fewer studies on preventative opioid analgesia. Opioids can be administered either intramuscularly, subcutaneously, transcutaneous, or transmucosal, but are most commonly administered as intravenous drugs or orally 

because of their rapid and reliable onset of action. However, the limitation of opioids is the development of tolerance and side effects such as nausea, vomiting, and shortness of breath. Overall, despite this limitation, the evidence for the effectiveness of opioids is positive. Systemic opioids along with regional opioids are effective in various preventive analgesia studies. A single intervention with short-acting opioids such as alfentanil, remifentanil, or fentanyl is not effective for preventive analgesia because it allows a window period for central sensitization. Opioids are more potent and longer-acting than NSAIDs. Their prolonged use can lead to tolerance, dependence, withdrawal, and even nociceptive sensitization reactions, which can increase pain, and, therefore, it is challenging for medical professionals to successfully manage patients’ 

pain, and develop safe and efficient analgesic techniques. 
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3.6.4   NSAIDS and COX Inhibitors

By blocking cyclooxygenase (COX) and influencing prostaglandin synthesis, non-steroidal anti-inflammatory medications (NSAIDs) have analgesic and antipyretic effects. Maintaining and extending the analgesic effect till the postoperative inflammatory phase is the aim of NSAIDS in preventive analgesia. Inhibiting co-oxygenase and prostaglandin synthesis, which mediates hyperalgesia and 

peripheral sensitization and may also inhibit spinal COX, is the main way that NSAIDs work [34]. Inhibition of spinal PGE2 production by NSAIDs that inhibit COX2 appears to be the primary 

mechanism of preventive hyperalgesia in animal models. The 

mainstay of preventive analgesia is timing, an effective analgesic regime given before the onset of noxious stimuli. A meta-analysis done by Ochroch et al. demonstrates that the NSAIDs used currently for preventive analgesia alone do not provide significant perioperative pain reduction in the long term but they will play a 

major role in multimodal analgesia and pain relief in general [35].  

A recent meta-analysis evaluating the effects of perioperative NSAIDs during spinal fusion revealed that high-dose ketorolac 

improved outcomes in adults undergoing spinal fusion surgery 

[36]. In individuals with normal perioperative renal function, the use of NSAIDs during surgery is unlikely to have an impact on 

renal function. However, they may have deleterious effects in 

patients with hypovolemia, and abnormal serum electrolyte or 

renal function, as prostaglandins (inhibited by NSAIDs) mediate diuretic and natriuretic effects through vasodilatation. As compared to traditional NSAIDs, selective COX-2 inhibitors provide analgesia with fewer side effects. Long-term use of COX-2 inhibitors carries a high cardiovascular risk, which depends on many factors such as the specific drug, dosage, or patient characteristics. 

The use of a strong COX2 inhibitor (Rofecoxib) in high cardiac risk cases (bypass surgery) results in a higher rate of cardiovascular events compared to non-cardiac cases [37]. Administration of NSAIDs alone provides effective analgesia, but cannot provide 

effective analgesia before surgical incision. Therefore, NSAIDs alone do not meet the criteria for preventive analgesia. 
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3.6.5   Acetaminophen

It contains anti-inflammatory and antipyretic qualities. 

Additionally, it has a central analgesic action that is mediated by the brain’s descending serotonergic pathway being activated. 

This could be because it inhibits the creation of prostaglandins or because it contains an active metabolite that affects cannabinoid receptors. It is mostly used as a multimodal analgesia together with other medications. Acetaminophen is a widely used nonopioid drug for managing pain and fever with a better safety profile. However, the optimal timing for acetaminophen 

administration for pain control is not well defined several studies have shown the administration of acetaminophen is effective as preventive analgesia [38, 39]. It inhibits many of the enzymes in the inflammatory pathways, including COX1, COX2, and myelo-peroxidases [40]. 

3.6.6   NMDA Receptor Antagonist

NMDA receptor antagonists such as ketamine prevent central 

neuroplasticity and therefore play a role in preventative analgesia by reducing central sensitization. Ketamine is an analgesic that can be given orally, intravenously (PCA or continuous infusion), subcutaneously, or intramuscularly. It may be crucial in reducing opioid tolerance and central sensitization. The limitation of perioperative use of ketamine infusion is an amnestic effect at the cognitive and neuropharmacological levels. Ketamine can also 

be administered epidurally or intrathecally, but a racemic mixture is avoided due to its neurotoxic nature. The dose ranges from 0.2 to 0.5 mg/kg IV bolus and 0.06 to 0.6 mg/kg/h continuous 

infusion. Larger doses can cause respiratory depression. Small doses of an anti-sialagogue may be necessary to prevent excessive salivation. At higher doses, dissociative states can be induced by the disconnection of the thalamocortical and limbic systems 

[41]. Subramaniam et al. studied the use of ketamine via the epidural route in 46 ASA physical status I and II patients who under-
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went major upper abdominal surgery [42]. They found that in patients undergoing major abdominal surgery there was improved analgesia without the increase of side effects during administration of dilute epidural ketamine at a dose of 1 mg/kg with morphine 50  μg/kg. Dextromethorphan is an NMDA receptor 

antagonist. This drug acts similarly to ketamine but has less 

affinity to the NMDA receptors. It can help reduce neuropathic pain and enhance the analgesic impact of morphine on acute pain following surgery [43]. 

3.6.7   Gabapentinoids

The multimodal analgesia paradigm makes use of gabapentinoids, including pregabalin and gabapentin. This class of antiepileptic medications works by blocking the calcium channel, which prevents calcium from entering the body and excitatory neurotransmitters from being released. Neuropathic pain is treated using them. Recent studies suggest that gabapentin may have minimal 

opioid effects, but the incidence of adverse effects is increasing during laparoscopic procedures and gabapentin use is associated with respiratory distress [44]. Hence, the use of gabapentinoids should be considered on an individual basis after surgery. 

According to a recent systematic review. Gabapentin and COX-2 

inhibitors were found to be the most effective pre-emptive analgesics for postoperative pain control [45]. 

Gamma-aminobutyric acid’s structural counterpart is gabapen-

tin. It has antinociceptive, antihyperalgesic, and antiallodynic effects by attaching itself to the α2-δ protein subunit of presynap-tic voltage-gated calcium channels in the central and peripheral nervous systems [46]. 

Pregabalin has a better pharmacological and pharmacokinetic 

profile than gamma-aminobutyric acid, despite being a structural homolog [47]. It is a stronger and more efficient gabapentin derivative. 

Few clinical investigations evaluating the analgesic effectiveness of gabapentin and pregabalin as preventative analgesics for postoperative pain management in patients listed for spine sur-
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gery were available in the literature. The preoperative use of gabapentinoids was found to be effective in reducing postoperative pain, total morphine consumption, and morphine-related complications after spine surgery by Liu et  al. in their recent meta-analysis of the preoperative use of gabapentinoids for the treatment of acute postoperative pain following spinal surgery. According to their opinion, more research is necessary to ascertain the ideal dosage and whether pregabalin is more effective than gabapentin in managing acute pain following spine surgery [48]. 

3.6.8   Lignocaine

Lidocaine is a sodium channel blocker and has analgesic, anti-

hyperalgesic, and antinociceptive properties. It reduces inputs from injured peripheral nerves and spinal cord neurons and suppresses secondary hyperalgesia by preventing peripheral and central sensitization. Lignocaine has a narrow therapeutic index from 2.5 to 3.5 μg/ml. Intravenous lignocaine given as a 0 to 1.5 mg/kg bolus followed by an infusion of 1.5 to 3 mg/kg/h has improved postoperative pain scores in patients undergoing laparoscopic 

major abdominal surgery. The effect was observed for 24 h after surgery, with decreased pain scores at rest and on movement. 

There was an associated decrease in the consumption of postop-

erative opioids, decreased nausea, and decreased time to first fla-tus [49]. In a study by Koppert and colleagues, the authors evaluated the preventive analgesic effect of administering intravenous lignocaine 30 min before surgery and continued 24 h postoperatively decreased postoperative pain scores and decreased the amount of morphine consumed overall over the first 72 h following surgery [50]. Use of intravenous lignocaine for pain control has been associated with adverse effects, most notably light-headedness, dizziness, drowsiness, visual disturbances, metallic taste, or tinnitus. Enhanced recovery after surgery protocols recommend intravenous lignocaine as an opioid-sparing multimodal 

analgesic adjunct. 
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3.6.9   Other  Drugs

Some other medications and techniques can be used for preven-

tive analgesia, such as tramadol, α-agonist, and intravenous lignocaine. Tramadol is a synthetic opioid that exerts its analgesic effect primarily through a central mechanism and has weak 

μ-agonist activity. Tramadol also has a peripheral analgesic effect and is used as an adjunct to peripheral blockades. Clonidine is a selective α-agonist that modulates central sensitization and exerts its analgesic effect when administered intrathecally through activation of postsynaptic α-2 receptors in the spinal cord [51]. Bolus dose of Pethidine 10 mg bolus can also be used for PA. 

3.6.10   Mechanisms of Preventive Analgesia 

in Preventing CPSP

The pathophysiology of CPSP involves alterations in the central nervous system, primarily through mechanisms such as central 

sensitization, which leads to the enhancement of pain perception and the persistence of pain after the resolution of the initial surgical injury. The key mechanism of central sensitization is the 

increased excitability of neurons in the dorsal horn of the spinal cord and the brain, which results in the amplification of pain signals. Preventive analgesia can help interrupt or modulate this process by controlling nociceptive input during surgery, thus 

minimizing CNS changes that contribute to the development of 

CPSP. 

3.6.11   Two Essential Conditions for Effective 

Preventive Analgesia

1.  Effective Suppression of Afferent Input: To prevent the transition from acute to chronic pain, effective suppression of the 

afferent pain signals must be achieved. This requires early 

intervention with analgesic agents that provide sustained pain 
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relief throughout the perioperative period, especially during 

the initial postoperative hours when central sensitization is 

most likely to occur. Key strategies include the use of regional blocks, opioids, NSAIDs, and adjunctive medications such as 

gabapentinoids or corticosteroids. The duration of analgesia 

must be adequate to cover the critical time window in which 

pain sensitization is most likely to occur, typically the first 24–48 h post-surgery. 

2.  Combination of Pre-emptive and Maintenance Treatments: 

Preventive analgesia extends beyond pre-emptive treatments, 

such as the administration of analgesics before surgery, to 

include the maintenance of analgesia throughout the postop-

erative period. Combining multiple modalities—such as PA, 

intraoperative pain management, and postoperative thera-

pies—ensures not only that the afferent input is controlled but also that central sensitization is prevented or reversed. In cases where PA does not fully prevent sensitization, additional treatments such as regional blocks or the use of NMDA receptor 

antagonists (e.g., ketamine) can help in the maintenance of 

analgesic effects and prevent CPSP. 

3.6.12   Preventive Analgesia and CPSP Prevention

The development of CPSP is influenced by various factors, including the type of surgery, the severity of the injury, and the presence of additional risk factors such as preoperative pain, psychological distress, and the use of narcotics during the perioperative period. 

Effective preventive analgesia aims to manage these risk factors by reducing the magnitude of the injury’s nociceptive input, modulating the pain processing pathways, and preventing maladaptive changes in pain perception. 

1.  Preemptive Analgesia: PA, when provided before or at the time of surgery, prevents or reduces the initial nociceptive 

input that would otherwise lead to sensitization of the 
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CNS. Common preemptive strategies include the administra-

tion of non-opioid analgesics (such as NSAIDs or acetamino-

phen), regional anesthesia (e.g., epidural analgesia), and the use of gabapentinoids (e.g., pregabalin or gabapentin). This 

type of intervention aims to modulate the pain pathway before 

the injury occurs, reducing the likelihood of CPSP. 

2.  Maintenance of Analgesia: Continuation of analgesic therapy in the postoperative period is critical to prevent the development of CPSP. This can involve multimodal analgesia (such as 

the use of local anesthetics, opioids, and non-steroidal anti-

inflammatory drugs) and techniques such as continuous nerve 

blocks or patient-controlled analgesia (PCA). The objective is to provide sufficient pain relief to prevent the pain-related neuroplasticity that drives central sensitization and subsequent 

CPSP. 

3.  Reversal of Central Sensitization: In cases where PA is insufficient and central sensitization has already begun, the 

reversal of these maladaptive changes is key. Strategies 

include the use of NMDA antagonists (e.g., ketamine), sys-

temic corticosteroids, or α-2 agonists (e.g., clonidine) that 

modulate central pain processing. These treatments can 

restore normal pain processing and prevent the transition to 

chronic pain. 

3.6.13   Outcomes and Impact of Preventive 

Analgesia on CPSP

The evidence supporting preventive analgesia as a strategy to prevent CPSP is compelling. Studies have shown that early and sustained pain control not only improves immediate postoperative 

recovery but also significantly reduces the incidence of CPSP in high-risk patients. The use of regional anesthesia, for example, has been shown to reduce the incidence of CPSP in major surgeries such as thoracotomies, breast cancer surgeries, and abdominal procedures. 

72

P. Ahluwalia and K. Tripta

3.7 

 Conclusion

The concept of preventive analgesia is an essential tool in managing perioperative pain and preventing the long-term development of  CPSP. By providing effective pain control, modulating nociceptive pathways, and preventing central sensitization, preventive analgesia can significantly reduce the incidence and severity of CPSP, leading to improved patient outcomes and reduced reliance on opioids. Key elements for success include early intervention, multimodal analgesia, and the careful timing of analgesic interventions throughout the perioperative period. A shift towards preventive analgesia and multimodal pain management strategies 

may offer more reliable outcomes in reducing postoperative pain and improving patient recovery. 
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for Commonly Performed 
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Abstract

Multimodal analgesia is an integrated approach to pain man-

agement, combining various pharmacological and non-phar-

macological techniques to target different pain pathways. This strategy aims to optimize pain control while reducing opioid 

use, accelerating recovery, and minimizing side effects. Key 

principles include the use of non-opioid analgesics, regional 

analgesia, and non-invasive therapies to provide synergistic 

effects that enhance pain relief. This chapter delves into the principles and strategies behind the evidence-based multimodal approach to perioperative analgesia, highlighting its 

benefits in commonly performed procedures and the medica-

tions and techniques involved. It emphasizes patient-specific 

approaches including preemptive analgesia, tailored drug regi-

mens, and continuous nerve blocks for postoperative recovery. 

By combining multiple techniques, multimodal analgesia not 
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only enhances the patient’s experience but also effectively 

addresses postoperative morbidity, healthcare costs, and the 

opioid epidemic. 

Keywords

Analgesia · Nerve blocks · Non-opioid analgesics · Opioid epi-

demic · Pain management · Regional anaesthesia

Key Points

•  Multimodal analgesia employs a combination of differ-

ent classes of medications targeting multiple pain path-

ways to provide effective pain relief. 

•  By incorporating non-opioid medications alongside 

regional anaesthesia, multimodal analgesia significantly 

reduces opioid requirements, minimizes opioid-related 

side effects and risks of dependence. 

•  Preemptive analgesia helps reduce the pain experienced 

postoperatively by preventing the activation of pain path-

ways, enhancing overall pain control. 

•  The multimodal analgesia regimen is individualized 

based on factors like the type of surgery, patient comor-

bidities, and pain tolerance, ensuring both effectiveness 

and safety. 

4.1 

 Introduction

Effective perioperative analgesia is critical in improving patient outcomes, reducing complications, promoting faster recovery, 

early mobilization, and overall satisfaction. Traditionally, opioid-based analgesia has been the cornerstone of pain management. 

However, the opioid epidemic has underscored the need for alternative pain management strategies that minimize opioid use [1]. 

Multimodal analgesia offers a comprehensive approach that 

reduces opioid use by incorporating a combination of medications 
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and techniques targeting different pain pathways to achieve superior pain control with fewer side effects. By integrating pharmacological agents, regional analgesia, and non-pharmacological 

interventions, multimodal analgesia enables faster recovery, 

reduced hospital stays, and lower healthcare costs [2]. The principles of multimodal analgesia, the pharmacology and mecha-

nisms of different analgesic agents, and an evidence-based 

approach for using multimodal analgesia in common surgical procedures are discussed in this chapter. 

4.1.1   Definition and Principles of Multimodal 

Analgesia

Nociceptive Pain typically arises from tissue injury or inflammation while neuropathic pain results from nerve damage or dys-

function. Perioperative pain arises from the tissue injury and inflammatory response caused by surgical trauma. It involves the activation of nociceptors (pain receptors) in the skin, muscles, and organs. This triggers the release of chemical mediators like prostaglandins, bradykinin, and histamine, which sensitize the nociceptors, leading to pain signals being transmitted to the spinal cord and brain. 

The central idea behind multimodal analgesia is to the simultaneous administration of two or more analgesic medications and 

techniques to target different pain pathways at various levels. By combining various agents, the goal is to achieve superior pain control while minimizing the doses and side effects of each individual drug. Multimodal analgesia can include a combination of non-opioid medications, regional analgesia, and nonpharmacological interventions. It is directed toward four goals: improvement in the patient experience through better pain control, reduction in postoperative morbidity and mortality, reduction in healthcare costs, and decreased physician-contribution to the 

global opioid epidemic [3]. 
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4.1.2   Key Principles [4]

Synergistic Effect: By using different medications or techniques, multimodal analgesia can produce a synergistic effect, leading to better pain relief. 

Reduced Opioid Use: Reducing opioid requirements lowers the 

risk of opioid-related side effects and enhances patient recovery. 

Enhanced Recovery: Better pain control leads to faster mobilization, reduced postoperative complications, and shorter hospital stays. 

Patient-Specific Approach: Tailoring the analgesic plan based on patient characteristics, type of surgery, and pain threshold is critical. 

4.2 

 Commonly Used Systemic Analgesic 

Agents (Table 4.1)

Opioid Analgesics and Opioid Epidemic [13]  The opioid discovery has been described as a wonder drug into medical practice for pain management and resulted in an initial surge in opioid usage for perioperative pain management. Most commonly used 

opioids include morphine, hydromorphone, oxycodone, fentanyl, 

and its derivatives. Routes of administration varies from oral, intramuscular, transdermal, and intravenous, so it can be utilized in various ways to treat post-surgical pain. Various studies have shown the efficacy of opioids in the perioperative setting to assess their utility in managing acute postoperative pain. Opioids are particularly desirable in setting of quick and rapid rehabilitation, neuropathic pain (buprenorphine and tramadol), acute pain requiring rapid cessation (fentanyl), and others for relieving more visceral experiences of pain (morphine and oxycodone). 

 Mechanism  Opioid medications act by central and peripheral nociception modulator. The opioids that act as agonists at the μ 

receptor can promote hyperpolarization at both the central and 
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Table 4.1  Commonly used non-opioid analgesics [5–12]

Dosage and 

Indication and 

route of 

timing of 

Side effects/other 

Medication

administration

administration

information

Acetaminophen

PO: 

Mild-to-

Avoid in severe 

325 mg–1gm 

moderate pain

hepatic disease, 

every 4–6 h

It is often used  acute liver failure

IV: 650 mg–1gm  as a first-line 

Overdose can 

every 4–6 h 

analgesic in the  cause liver injury

(maximum-4gm  perioperative 

Not useful in 

per day)a

period

neuropathic pain

NSAIDs and selective COX-2 inhibitor

Ketorolac

15–30 mg IV 

Mild to 

Abdominal pain

every 6–8 h

moderate pain

GI bleeding

Diclofenac

50-75 mg PO 

Preoperative/ 

Use cautiously in 

every 6–12 h

intra-operative  patients taking 

75 mg IV every  and 

other 

8–12 h

postoperative 

anticoagulants

period

Not useful in 

Ibuprofen

600–800 mg PO 

neuropathic pain

or IV every 

Use cautiously in 

6–8 h

patients with risk 

Celecoxib

200–400 mg PO 

of myocardial 

every 12–24 h

infarction or 

stroke especially 

celecoxib

Impaired wound 

healing

Ketamine

0.25–0.5 mg/kg  Intraoperative 

May result in 

IV bolus 

pain relief

emergence 

followed by 

Optimal timing  delirium and 

0.1–0.5 mg/kg/h  of 

hypertension

infusion

administration  Uncertain optimal 

is not defined

dosage regimen

Postoperative 

Useful adjunct in 

infusion in 

chronic opioid 

controlled 

tolerant patients/ 

settings

cancer pain/ 

chronic persistent 

postsurgical pain

(continued)
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Table 4.1 (continued)

Dosage and 

Indication and 

route of 

timing of 

Side effects/other 

Medication

administration

administration

information

Magnesium

30–50 mg/kg IV  Preoperative, 

Uncertain optimal 

bolus followed 

intraoperative

dosage regimen

by 6–20 mg/kg/h 

infusion till the 

end of surgery or 

for 4 h after the 

initial bolus

Dexamethasone

4–8 mg IV every  Preoperative, 

Also, useful to 

8 h

intraoperative,  decrease PONV

and 

Transient 

postoperative

hyperglycaemia

Adjunct to 

Impaired wound 

other analgesic healing

Gabapentinoids

Gabapentin

300–600 mg PO  Preoperative 

Synergistic 

every 8 h

and 

respiratory 

Pregabalin

75–150 mg 

postoperative 

depression with 

every 12 h

period for 

opioids

moderate to 

Dose dependent 

severe pain

nausea, vomiting, 

Also useful in 

and dizziness and 

neuropathic 

ataxia

pain

Decrease dosage 

in renal 

impairment

Lignocaine

1 mg/kg bolus 

Intraoperative

Reduce dosage in 

followed by 

Postoperative 

liver disease

1–2 mg/kg/h 

in controlled 

Benefits are 

infusion

settings

shown till 24 h 

postoperatively

Capsaicin

8% patch; 1–4 

Useful for 

Erythema, 

patches for 

peripheral 

Transient 

30–60 min every  neuropathic 

hypertension

3 months

pain

(continued)
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Table 4.1 (continued)

Dosage and 

Indication and 

route of 

timing of 

Side effects/other 

Medication

administration

administration

information

Alpha-2 agonist

Clonidine

1–4 μg/kg IV 

Preoperative, 

Should monitor 

once

intraoperative,  for hypotension/ 

200–300 μg PO  and 

bradycardia

once

postoperative

Considerable 

Transdermal 

Useful as 

opioid sparing 

patch-

adjunct to 

effect

0.2 mg/24 h

regional blocks 

or intra-

Dexmedetomidine 0.5–1 μg/kg IV  articular 

over 10 min 

injections

followed by 

03–0.7 μg/kg/h 

infusion

a Weight less than 50 kg or malnutrition, chronic liver disease or chronic alcoholism-maximum dosage 3.75 g/day.  IV Intravenous,  NSAIDs non-steroidal anti-inflammatory drugs,  COX-2 Cyclooxygenase-2,  H hours,  PO Per oral; GI Gastro-intestinal,  PONV Post-operative nausea and vomiting peripheral nervous system thereby inhibiting pain signal transmission. 

Liberal use of opioid results in significant side effects such as gastric upset, constipation, postoperative nausea and vomiting, respiratory depression, pruritus, and altered mental status or delirium. More concerning is the opioid epidemic which adds to another layer of caution the providers should keep in mind when prescribing opioids, particularly if opioid is used as the only analgesic option for postoperative pain management resulting in more severe the risks of dependence and over usage. In 2017, 

The Commission on Combating Drug Addiction and the Opioid 

Crisis report says that approximately 142 Americans were dying every day because of the opioid crisis, and according to the US 

Center for Disease Control, 130 deaths per day were attributable to the opioid epidemic. The post-surgical pain control with opioid described it a potential contribution to the problem and leading to the creation of chronic opioid addiction in postsurgical patients who were previously opioid naïve which were called the 
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new persistent use of opioid. Therefore, opioids should be used as a reserved or rescue drug as a part of multimodal analgesic regimen. The enhanced recovery after surgery pathways and 

consensus statement on multimodal analgesia also recommend a 

standardized protocol of the postoperative pain management 

with minimal opioid use or opioid free analgesia for better 

recovery. 

4.2.1   Non-opioid  Analgesics

 Paracetamol (Acetaminophen) [12] : A widely used analgesic and antipyretic, paracetamol is effective in managing mild-to- 

moderate pain and can be administered orally, intravenously, 

or rectally. According to 2022 multi-society consensus, it is to be used as a first-line analgesic in the perioperative period 

unless contraindicated due to its safety profile. 

 Mechanism: Central analgesic effect mediated by activation of descending serotoninergic pathways. It acts by inhibition of 

prostaglandin synthesis and by its active metabolite i.e. 

p- aminophenol which act on cannabinoid receptors. 

 NSAIDs (Non-Steroidal Anti-Inflammatory Drugs) [5] : A 2022 

multi-society consensus statement recommend routine use of 

NSAIDs to treat acute perioperative pain in patients without 

contraindication. 

 Mechanism: Act by inhibition of cyclooxygenase (COX) enzymes, reducing prostaglandin synthesis, thereby reducing inflammation and pain. 

 COX-2 Inhibitors ( e.g.  Celecoxib): These selective NSAIDs offer pain relief with a lower risk of gastrointestinal complications. 

They are useful in surgeries where inflammation contributes to pain but should be used cautiously in patients with cardiovascular issues. Recommendation for routine perioperative use is 

limited by the overall low quality of data and lack of adverse effects that are clinically significant. Avoid use of celecoxib in patients with sulphonamide toxicity. 
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 Gabapentinoids [6] : Originally described as anticonvulsants, gabapentinoids have been extensively used in treatment of chronic neuropathic pain. A meta-analysis on preoperative use of single dose found decrease in postoperative pain and opioid con-

sumption at 24 h. In postoperative period as a part of ERAS 

protocol, gabapentinoids have been used but optimal dose 

regimen and timings of administration remain unclear. 

 Mechanism: Act by depression of dorsal horn sensitivity to pain by multitudes of mechanism. Primarily due to modulation of 

voltage-gated calcium channels through effect on α2δ-1 sub-

units, inhibition of descending serotoninergic facilitation, aug-mentation of descending inhibition, anti-inflammatory action. 

They also influence the affective component of pain. 

 Intravenous lignocaine [11] : Intravenous (IV) lignocaine has analgesic, anti-inflammatory, and anti-hyperalgesic effects. It is particularly useful in abdominal surgeries, reducing postoperative pain, opioid requirements, and improving bowel recov-

ery. If administered intraoperatively and continued 

postoperatively in procedures like colorectal surgeries, its use can lead to faster recovery of bowel function and reduced hospital stays. It is mainly effective for controlling visceral pain and improving outcomes in surgeries with high pain potential. 

 Mechanism: Block sodium channels, preventing nerve impulse propagation. 

 N-methyl-D-aspartate (NMDA) receptor antagonism (ketamine 

 and magnesium) [8] : According to guidelines published by American Society of Regional Anesthesia (ASRA), the suban-aesthetic dosage of ketamine infusion should be considered in 

the patients undergoing surgeries causing severe pain, patients who are opioid dependent or opioid tolerant. Ketamine infusion should be avoided in patients with poorly controlled car-

diovascular disease, pregnancy, acute psychosis, severe 

hepatic dysfunction, elevated intracranial pressure, and ele-

vated intraocular pressure. Primary limiting factor for ket-

amine use outside operative or intensive care units is its 

adverse effect such as psychomimetic effects and cardio-vas-
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cular effects, so its infusion must be used in the controlled 

setting under monitoring. 

 Magnesium sulfate [9] : It plays a role in perioperative pain management by modulating pain through the inhibition of 

N-methyl-D-aspartate (NMDA) receptors, which prevents cal-

cium entry into the cell. This mechanism helps reduce pain 

perception. Clinical studies have demonstrated that it can 

decrease postoperative opioid requirements, highlighting its 

potential for pain control. However, the optimal dosing regi-

men remains unclear. Systematic reviews have evaluated the 

effectiveness of magnesium sulfate as a perioperative analge-

sic in adults undergoing general anaesthesia for abdominal surgeries, comparing its outcomes to those of an inert control. 

 Mechanism: NMDA receptors antagonist. Can be administered IV or intrathecally. Magnesium has shown a synergism when 

used in combination to opioid or ketamine. 

 Alpha-2 Adrenergic Agonists (Dexmedetomidine, Clonidine) 

[10] : They can be used as adjuncts to regional anaesthesia or as systemic analgesics. Dexmedetomidine, in particular, is known 

for its opioid-sparing properties and is used in surgeries where sedation and pain relief are both required. 

 Mechanism: These drugs provide analgesia and sedation by acting on alpha-2 adrenergic receptors in the central nervous system. 

4.3 

 Regional  Analgesic  Techniques 

in Multimodal Analgesia [14, 15]

Regional analgesia is a cornerstone of multimodal analgesia, providing localized pain control by blocking nerve conduction to the surgical site. This technique significantly reduces the need for systemic opioids and enhances recovery. 

 Mechanism  Regional analgesia involves injection of LA near nerves thereby inhibiting the transmission of nerve signals in sensory, motor, or autonomic nerves. Local anaesthetic is injected 
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near the target nerve, where it disrupts sodium ion channels within the neuronal cell membrane. This prevents the depolarization of nerve cells, blocking the transmission of pain signals (nociceptive signals) from the peripheral nervous system to the central nervous system. 

Anaesthesiologists overseeing perioperative pain management 

should carefully evaluate the risks and benefits for each patient when selecting therapeutic options, which may include neuraxial opioids and local anaesthetics, systemic opioid patient-controlled analgesia (PCA), and peripheral nerve blocks (PNBs). Common 

forms of regional analgesia are (Table 4.2). 

Peripheral Nerve Blocks (PNB) [16, 17]

A PNB is a regional analgesia technique where LA is injected 

near a specific nerve or group of nerves to block sensation in a particular area of the body. PNB is commonly used for pain management during and after surgical procedures, as well as for diagnostic purposes and chronic pain relief. 

 Types of PNBs: It can be of single injection block or as continuous nerve block (Catheter Technique) by putting a catheter 

near the nerve to allow continuous infusion of LA, providing 

longer-lasting analgesia. Commonly performed PNBs are 

brachial plexus block (interscalene, supraclavicular, infraclavicular, and axillary blocks, etc.), lower extremity blocks 

(femoral nerve block,  sciatic nerve block), and truncal blocks (intercostal nerve block and paravertebral block).  Meta-analysis of randomized controlled trials has reported 

improved pain relief and reduced analgesic consumption 

with peripheral nerve blocks. 

 Advantages of PNBs: Advantages include targeted pain relief, reduced systemic side effects, prolonged postoperative pain 

relief, reducing the need for opioids and decreased the body’s stress response during surgery. 

 Disadvantages of PNBs include requirement of skill and precision, and improper technique may result in failure or complications. There is risk of nerve injury, potential for temporary or 
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toxicity

g pain

gmental analgesia, 

ve for hip/le

antages

geted pain relief, 

fects

geted rib analgesia, 

fecti

Adv

Tar

reduces need for general 

anaesthesia

Profound motor and 

sensory blockade, 

opioid-sparing

Adjustable blockade, 

prolonged analgesia, 

reduced opioids

Multi-se

minimal hemodynamic 

ef

Tar

simple to perform

Safe, easy technique, 

ef

geries 

, 

, rib 

wer limb 

gery

, chest 

, femur 

gery

gery

wer abdominal 

geries, lo

geries

geries

Common indications

Orthopaedic sur

(e.g. hip, knee, 

shoulder)

Lo

sur

sur

Labor analgesia, 

thoracic/abdominal 

sur

Thoracic sur

breast sur

fractures

Rib fractures, 

thoracotomy

trauma

Hip sur

fractures

es 

es

es (T1-T12)

gional blocks

geted

ascia, femoral and 

vertebral space 

Area tar

Specific peripheral nerv

(e.g. sciatic, femoral)

Subarachnoid space 

(lumbar spine)

Epidural space (thoracic/

lumbar spine)

Para

(thoracic/lumbar)

Intercostal nerv

Iliac f

lateral cutaneous nerv

e 

e 

Commonly performed re 

vertebral block

Table 4.2

Type of block

Peripheral nerv

block

Neuraxial block 

(spinal)

Neuraxial block 

(epidural)

Para

Intercostal nerv

block

Fascia Iliaca block
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, 

(continued)

wel or 

. 

e injury

Risk of peritoneal injury

incomplete block, local 

toxicity

Pneumothorax, incomplete 

block, nerv

Accidental bo

vascular injury

LAST

Pneumothorax

LAST

wer 

ve for lo

fecti

vides both visceral and 

all analgesia

Ef

abdominal pain

Opioid-sparing, good chest 

w

Reduces the need for 

systemic opioids. 

Simple and easy to 

perform

Pro

somatic analgesia. 

Minimal complication due 

to superficial location

geries 

, 

geries:

. 

gery

gery

gery

geries such as:

geries

Abdominal sur

(e.g. hernia, 

C-section)

Breast sur

thoracic sur

Midline abdominal 

sur

Umbilical hernia 

repair

Laparoscopic 

sur

Incisional hernia 

repair

Thoracic and upper 

abdominal sur

Thoracotomy

Rib fracture. 

Breast sur

wer 

es

es

ersus abdominis 

es

ransvT plane

Pectoral nerv

Anterior cutaneous 

branches of the lo

intercostal nerv

Dorsal rami of spinal 

nerv

erse 

ransv

AP) block

T

abdominis plane 

(T

PECS block

Rectus sheath 

block (RSB)

Erector Spinae 

plane block (ESPB)
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e 

gan 

, 

e block 

, local 

ascular puncture

. 

, v

e, leading to winged 

e injury

e injury

Retroperitoneal or

injury

Hematoma

Injury to long thoracic 

nerv

scapula

Phrenic nerv

(respiratory compromise), 

nerv

Incomplete block, nerv

injury

Nerv

anaesthetic toxicity

hematoma

e phrenic 

all blocks

-lasting pain relief 

ve for shoulder/

ve foot/ankle 

e block

isceral and somatic 

wer risk of 

fecti

voids central 

fecti

V

analgesia. 

Reduce opioid 

consumption. 

Longer

compared to other 

abdominal w

Minimal hemodynamic 

changes. 

Lo

pneumothorax

Ef

upper limb pain

A

complications lik

nerv

Ef

analgesia, long-lasting

all 

geries

. 

. 

, upper arm 

geries

geries

gery

geries

geries

Abdominal w

sur

Hip sur

Hernia repair

Urological sur

Rib fracture. 

Mastectomy

Thoracotomy

Chest tube placement. 

Shoulder

sur

Forearm, hand 

sur

Foot and ankle 

sur

ascia and 

xus (roots)

xus (terminal 

e (popliteal 

es of the lumber 

xus (T6 to L1)

es

Thoracolumbar f

nerv

ple

Lateral cutaneous branches 

of the thoracic intercostals 

nerv

Brachial ple

Brachial ple

branches)

Sciatic nerv

fossa)

(continued) 

Table 4.2

Quadrates 

Lumborum block 

(QLB)

Serratus anterior 

plane block 

(SAPB)

Interscalene block

Axillary block

Popliteal block
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fect

, local 

, short duration

e injury

eakness in quadriceps, W nerv anaesthetic toxicity Infection, local anaesthetic  toxicity Infection, joint damage, 

short-lasting ef

geries

gical site

wer limb sur

Excellent pain relief for 

lo

Simple, direct pain relief at 

the sur

Localized analgesia for 

joints, easy to perform

geries, 

ound 

gical 

geries (e.g. 

Hip, knee sur

femur fractures

Minor sur

procedures, w

closure

Joint sur

knee, hip, shoulder)

e (inguinal 

ound site

gical w

gion)

Femoral nerv

re

Sur

Intraarticular space or 

periarticular tissue

e 

Femoral nerv

block

Local infiltration

Periarticular 

injection

92

N. Paliwal and P. Bihani

permanent nerve damage, patchy analgesia leading to discom-

fort, a risk of infection at the injection or catheter site, a hematoma formation, and transient motor block. 

4.3.1   Neuraxial Block Analgesia [18, 19]

Neuraxial block analgesia involves the administration of LA and/

or adjuncts into the central nervous system, specifically targeting the spinal cord and nerve roots via the epidural or subarachnoid (intrathecal) spaces. This technique is commonly used to provide analgesia or anaesthesia for surgeries, labour pain, and postoperative pain control. 

 Types of neuraxial blocks: It can be subarachnoid block (Injection of LA into the subarachnoid space), epidural block (Injection 

of LA into the epidural space), and combined spinal-epidural 

(CSE) block. 

 Advantages of neuraxial block analgesia: Provides superior analgesia compared to systemic opioids, leading to fewer opioid-

related side effects, earlier mobilization and shorter hospital stays, especially in major surgeries and target specific block sparing the patient from the global side effects of general 

anaesthesia, and better hemodynamic stability. 

 Disadvantages of neuraxial block analgesia: There is risk of hemodymaic disturbances due to physiological sympathetic 

block following neuraxial block, urinary retention, motor 

blockade higher concentrations of local anaesthetics, post-

dural puncture headache (PDPH), risk of infection and hema-

toma, neurological complications. 

4.3.2   LA Infiltration [20]

Local anaesthetic infiltration involves the injection of a local anaesthetic drug directly into tissues to block pain in a specific area. It is commonly used during minor surgical procedures, den-
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tal treatments, and for postoperative pain control. Local anaesthetic infiltration includes intradermal and subcutaneous 

infiltration, field block,  tumescent anaesthesia, and continuous LA infiltration near the surgical site. 

 Advantages of local anaesthetic infiltration: It provides localized pain control at the site of injection, immediate pain relief for minor procedures, reducing the risk of systemic side effects 

and early mobilization. 

 Disadvantages of local anaesthetic infiltration: Disadvantages include a short duration of action, insufficient analgesia, risk of local anesthetic systemic toxicity (LAST), infection and tissue damage. 

4.3.3   Periarticular/Intraarticular Injection [21]

Periarticular or intraarticular injections involve administering medication directly into or around a joint space to reduce pain, inflammation, or improve joint function. These injections are 

commonly used for pain relief in joints affected by arthritis, injuries, or post-surgical conditions. It includes intraarticular injection (drug delivered directly into the joint space) or periarticular injection administered around the joint, targeting the tissues near the joint (ligaments, tendons). Common medications for intraarticular/periarticular injections include local anaesthetics, corticosteroids, hyaluronic acid, platelet-rich 

plasma. 

•   Advantages of periarticular/intraarticular injections: 

Localized effect, quick pain relief, enhance joint mobility, 

minimally invasive and long-lasting relief. 

•   Disadvantages of periarticular/intraarticular injections: The effects are often temporary, risk of introducing bacteria into the joint space, leading to septic arthritis, accelerating joint degeneration and inconsistent efficacy. 
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4.3.4   Truncal Blocks for Analgesia [22, 23]

Truncal blocks are regional anaesthesia techniques that involve injecting LA near the nerves that supply sensation to the trunk of the body, including the chest, abdomen, and lower back. These 

blocks aim to provide effective analgesia for surgeries or pain in the trunk region by blocking sensory nerve signals from reaching the brain. Types of truncal blocks include transversus abdominis plane block,  rectus sheath block,  erector spinae plane block,  pectoral nerve block,  serratus anterior plane block, and quadratus lumborum block. 

 Advantages: Effective postoperative analgesia,  reduced opioid use,  selective sensory block, and versatility. 

 Disadvantages: Limited duration of action,  variable success rates, technical expertise,  potential complications such as hematoma, infection, or inadvertent injury to nearby structures such as 

blood vessels or organs. 

4.4 

 Non-invasive  Non-pharmacological 

Therapies [24]

These are complementary and alternative to medical interventions to complement it. These encompass various techniques that may 

relieve pain through modulation of physiological factors. These techniques can help reduce the reliance on medications, minimize side effects, and enhance patient comfort. Some of the promising options include acupuncture, yoga, tai chi, exercise, and music therapy. 

4.4.1   Passively Applied Physical Approaches

Passively applied physical approaches refer to external treatments provided to patients without requiring their active participation. 

These include complementary and alternative therapies such as 
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acupuncture, massage, transcutaneous electrical nerve stimula-

tion (TENS), and the use of heat or cold packs. Other promising options in this category are practices like yoga, tai chi, exercise, and music therapy. 

•   Acupuncture [25]—Acupuncture is a key component of traditional Chinese medicine that has been used for thousands 

of years to treat pain. It involves the insertion of thin, sterile needles into specific points on the body, known as acu-points, to stimulate natural healing processes and pain 

relief. It acts by modulating pain signalling by activation of Aδ and C afferent fibres and release of endorphins. 

Functional MRI also reveals acupuncture modulates limbic 

and periaqueductal grey areas involved in affective pain 

pathway. Evidences also suggests acupuncture may reverse 

central sensitization also. Safety of acupuncture is good if 

performed by a trained professional using sterile needles. 

The risk of complications, such as infection or injury, is 

very low with mild side effects including soreness, minor 

bleeding, or bruising at the needle sites. 

•   Transcutaneous Electrical Nerve Stimulation (TENS) [26] : It uses electrical stimulation to reduce pain. It acts by activating descending inhibitory pathways and stimulating the production of endogenous pain relievers. Majority of systematic 

reviews suggest the equivocal effect of TENS due to high risk 

of bias in the included studies. Used for both acute and chronic pain management. 

•   Heat and cold therapy: Cold therapy reduces blood flow, decreases inflammation, and numbs the area particularly useful in acute injuries. It is applied in the form of ice packs, cold compresses or cooling devices. Heat therapy increases blood 

flow, relaxes muscles, and alleviates stiffness. It is applied in the form of warm compresses, heating pads, and warm baths. 

•   Others: Ultrasound therapy, electric stimulation, and spinal cord stimulation have also shown to variably affect acute postoperative pain. 
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4.4.2   Psychological Interventions or Cognitive 

Behaviour Therapy [27, 28]

Psychological interventions such as cognitive, emotional, or 

behavioural strategies have been used to modulate pain signals. 

Mindfulness meditation, guided imagery, avoidance of nocebo 

effect, deep breathing exercises, humanistic patient centred discussion, sleep hygiene, diet, and social support alter the maladaptive way of patients perceiving and reacting to pain and improves emotional well-being. It acts by increasing endogenous endorphin production and reduction of inflammatory factors. 

4.4.3   Distraction  [29]

Distraction can have analgesic effects, even additive to placebo treatment. These strategies include music therapy, reading, writ-ing, concentrating on a mental or physical activity, watching movies and therapeutic communication. Not only paediatric patients, but adult and elderly patients also have shown benefit in decreasing acute post-surgical pain as adjunct to pharmacological intervention. 

4.5 

 Others

Preoperative and postoperative education and psychological support, early mobilization, and pre and postoperative physical therapy are essential components of postoperative recovery. 

4.6 

 Preemptive Analgesia [30]

This topic is discussed in detail in chapter on “preemptive analgesia”. 
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4.6.1   The Vital Role of Pre-anaesthesia 

Check-up to Optimize Perioperative 

Analgesia Plan [31, 32]

Pre-anaesthesia check-up plays a crucial role in optimizing care for patients with chronic addiction or chronic pain by identifying and addressing specific risks to ensure safe anaesthesia and effective perioperative pain management. It addresses concerns by detailed evaluation of substance use, potential withdrawal 

symptoms and tolerance issues, pain history and understanding 

the patient’s chronic pain regimen to prevent undermedication 

or withdrawal. The need for coordination with de-addiction specialists to continue or adjust medication-assist therapies such as methadone or buprenorphine during the perioperative period can be sought. Psychological issues related to addiction and chronic pain, including anxiety and depression, which can complicate 

perioperative management can be addressed. Lastly, anaesthetic plan is to be tailored in such a way to minimize the risk of 

relapse, using regional anaesthesia, or non-opioid analgesics 

when feasible. 

 Pain assessment tools [33–35] : This topic is discussed in detail in chapter on “assessment of pain”. 

 Equipment used: In multimodal analgesia, several types of equipment are employed to administer pain relief and monitor 

patient safety. Patient-Controlled Analgesia (PCA) Pumps 

allow patients to self-administer controlled doses of analge-

sics, typically opioids, to manage their pain effectively. 

Epidural Infusion Pumps are used to deliver continuous or 

intermittent doses of LA and opioids through an epidural cath-

eter for effective pain control, especially postoperatively. PNB 

Catheters, combined with infusion pumps, provide targeted 

pain relief by delivering LA near specific nerves, minimizing 

the need for systemic opioids. Nerve blocks should ideally be 

administered under direct visualization using ultrasound to 

precisely guide the delivery of LA around targeted nerves. This 
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technique enhances the safety and effectiveness of regional 

anaesthesia. The recommended dosing regimen of commonly 

used local anaesthetic is summarized in Table 4.3. 

 Documentation of Perioperative Analgesia  Perioperative analgesia documentation is crucial for patient safety, legal account-ability, and effective pain management. It should include a 

thorough preoperative pain assessment, noting patient history, risk factors, and consent. During surgery, all analgesic medications, dosages, and routes must be recorded, along with intraoperative monitoring and any complications. Postoperative 

documentation includes regular pain assessments, details of medications and non-pharmacological interventions, management of 

side effects, and patient education. Finally, discharge instructions, including pain control measures and follow-up plans, should be clearly documented, ensuring comprehensive care throughout the perioperative period. 

Table 4.3  Recommended dosing regimen of commonly used local anaesthetic for regional analgesia

Analgesic 

regimen

Bupivacaine

Levobupivacaine

Ropivacaine

Patient 

0.05%–0.1% 

0.05%–0.1% solution  0.1%–0.2% 

controlled 

solution @ 

@ 4–6 ml/h

solution @ 

epidural 

4-6 ml/h

Demand dose: 2–4 ml 3–5 ml/h

analgesia

Demand dose: 

Lockout interval: 

Demand dose: 

2–4 ml

10-15 min

2–5 ml

Lockout interval: 

Lockout time: 

10-15 min

20 min

Peripheral 

0.125%–0.5% 

0.125%–0.5% 

0.2%–0.5% 

nerve block 

(150 mg)

(150 mg)

(200 mg)

(single shot)

Peripheral 

4-15 ml/h of 

4-15 ml/h of 

5-10 ml/hour of 

nerve block 

0.1%–0.125% 

0.1%–0.125% 

0.2% solution 

(continuous  solution (not to 

solution (not to 

(not to exceed 

infusion)

exceed 2 mg/kg  exceed 2 mg/kg over  3 mg/kg in 4 h 

over 4 h or 

4 hours or maximum  or maximum 

maximum total 

total dose of 400 mg  total dose of 

dose of 400 mg 

in 24 h)

800 mg in 24 h)

in 24 h)
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A Prototype Perioperative Analgesia Documentation 

Proforma

1.  Patient  Information:

•  Name: ________Age/Gender: _________Medical Record 

Number: _________________. 

2.  Preoperative assessment and analgesia plan. 

•  Pain history_______________. 

•  Baseline Pain Score (0–10): ____Risk Factors: Opioid Use/

Tolerance: __ Yes __ No. 

•  Allergies/Adverse Drug Reactions: ___________________. 

•  Patient Consent Obtained for Analgesia Plan: __ Yes __ No. 

•  Preoperative Analgesia Plan:

Medications: ________Dose ______Time____. 

Non-pharmacological Methods: ________. 

Block/regional analgesia plan. 

Patient counselling. 

3.  Intraoperative pain control strategies: (Tick all that apply). 

•  General Anaesthesia/ regional anaesthesia/ combined. 

•  Medications Administered:

Medication

Dose

Route

Time Given

______________

__________

_________

___________

4.  Postoperative  Analgesia:

•  Pain Assessments (Specify time intervals):

Time

Pain Score (0–10)

Additional Comments

_______

________________

__________________

•  Medications Administered Postoperatively:

Medication

Dose

Route

Time Given

______________

__________

_________

___________

•  Non-pharmacological Interventions:

•  Rescue opioid analgesic:
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•  Adverse events, if any: ___________________. 

•  Management of Side Effects: ______________________. 

5.  Discharge and Follow-up advice:

•  Pain Score at Discharge: _______________. 

•  Discharge Analgesia Plan:

Medication

Dose

Frequency

Duration

______________

__________

__________

________

•  Patient Education Provided: Yes/No. 

•  Follow-up advice: ______________________________. 

6.  Additional  Notes:

Signature of Anesthesiologist. 

Date: ______________________. 

 Future Trends in Perioperative Analgesia  Artificial Intelligence (AI) is transforming pain assessment by providing objective, accurate, and personalized insights, overcoming the limitations of traditional self-reporting methods. Machine learning and AI can 

analyze self-report measures, physiological data such as facial expressions, voice patterns, and biometrics and/or medical records, to create algorithms to better assess pain non-invasively. It potentially enables personalized pain management by predicting the 

most effective treatments based on individual patient data and history and supports remote monitoring through AI-enabled devices and apps, ensuring timely interventions. AI also aids in predictive analytics, identifying patients at risk for chronic pain or complications, and offers enhanced decision support for clinicians, leading to more precise and holistic pain management strategies. 

Every health care institution must prepare their own protocols and come up with analgesic regimens for providing effective pain relief for various surgical procedures. These should be prepared based upon available literature and scientific evidence and must be revised on time to time basis. One such example of providing analgesia in patients undergoing total hip replacement is discussed below. 
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4.7 

 Principles of Multimodal Analgesia 

for Total Hip Arthroplasty [36–38]

Hip orthopaedic surgeries, such as total hip arthroplasty (THA), hip fracture repair, and hip resurfacing, can lead to significant postoperative pain, making effective analgesia critical for 

enhanced recovery and rehabilitation. Multimodal analgesia is 

essential in these surgeries as it aims to control pain through a combination of medications and techniques, thereby improving 

outcomes and reducing opioid use. (Table 4.4). 

Table 4.4  Evidence-based recommendation for total hip arthroplasty [38]

Timing of 

Interventions that lack or 

intervention

Recommended interventions

insufficient evidences

Pre-operative Prehabilitation and education

Carbohydrate preloading

Consider giving paracetamol 

+ NSAID/COX-2 inhibitors 

on the morning of surgery as 

preemptive analgesia

Intra-

General/spinal anaesthesia (if  Gabapentinoids

operative

spinal block for surgery, 

Ketamine

consider adding intrathecal 

Lateral femoral cutaneous block

morphine 0.1 mg)

Anterior quadrates lumborum 

Paracetamol + NSAID/

block

COX-2 inhibitors

Femoral nerve block

+

Lumbar plexus block

Dexamethasone 8–10 mg IV

Epidural analgesia

+

Local infiltration adjuncts to 

Consider performing 

local anaesthesia drugs or local 

peripheral nerve block as per  infiltration infusion or repeated the recommendations

injections

Pericapsular infiltration of local 

anaesthetic

Postoperative  Paracetamol + NSAID/

Tranexamic acid

interventions COX-2 inhibitors

Partial weight bearing

Opioids for rescue

Topical fibrin sealant

Consider prescribing PCA 

TENS

using opioid medications

OR

LA infiltration through 

perineural catheter if placed
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4.8 

 Conclusion

Multimodal analgesia represents a paradigm shift in postoperative pain management. By leveraging a combination of analgesic 

agents and regional techniques, this approach minimizes opioid consumption, enhances recovery, and improves patient outcomes. 

Tailoring analgesic protocols to individual patient needs and utilizing preemptive analgesia further optimizes pain control while reducing complications. As healthcare moves toward opioid-sparing strategies, multimodal analgesia stands as an essential component of enhanced recovery pathways, offering a holistic 

and patient-centred approach to perioperative pain management. 
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Abstract

Pain, an unpleasant sensory and emotional experience due to 

actual or potential tissue damage, is subjective and influenced by multiple factors, which makes management challenging. 

The majority of patients experience moderate to severe pain 

after surgery, and inadequate pain management often leads to 

delirium, delayed recovery, and chronic pain. Effective pain 

management requires a spectrum of multimodal approaches, 

including systemic pharmacological therapies, local infiltra-

tion techniques, neuraxial & regional analgesia, and non-pharmacological methods like acupuncture or transcutaneous 

electrical nerve stimulation (TENS). Multimodal regimens 

combining different classes are often recommended to maxi-

mize efficacy and reduce the risks of opioid use and other 

adverse effects. However, each modality operates through dif-

ferent mechanisms along the pain pathway. This chapter 
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addresses the different modalities’ distinct uses, side effects, and potential complications. 
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•  Impact of inadequate pain management
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•  Multimodal management strategies

5.1 

 Introduction

Pain is defined as ‘the unpleasant sensory and emotional experience associated with or resembling that associated with actual or potential tissue damage’ as per the International Association for the Study of Pain in 2020 [1]. The subjective nature of pain and the influence of various socio-cultural factors on the perception make management of acute pain in the postoperative setting 

highly challenging [2]. Current literature suggests that approximately 80% of the patients experience moderate to severe pain in the perioperative period, which might even be higher in low-resource countries [3]. Inadequately managed pain in the immediate postoperative period had been associated with an elevated risk of complications such as delirium, delayed ambulation and discharge, increased morbidity, poor perioperative outcomes, and 

worst of all development of chronic pain [4–8]. Acute pain after surgery can be classified as nociceptive (mediated by unmyelinated C fibres, thinly myelinated Ad fibres and myelinated Ab 

fibres), inflammatory (mediated by cytokines in response to tissue inflammation), or neuropathic (due to increased axonal sensitivity 
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following neural injury) [2]. Also, it is classified as somatic (originating in the cutaneous and deep tissues), which is more sharp and localized, and visceral (originating from the visceral organs), 

which is a dull, aching, and more generalized type of pain [9]. 

The easiest way to understand pain management is the WHO 

step ladder approach, initially introduced in 1986 for treating cancer pain. Over the years, many modifications have been suggested, and their use has been extended to other acute and chronic pain types. The original ladder had three steps, but the most recent revision included the addition of a fourth step and also stressed 

the bi-directional manner one can approach [10]. The original intention was to start the patient on the mildest analgesics and escalate as and when required. However, the most potent analgesic can be used for the shortest duration possible and quickly tapered off in acute pain (Fig. 5.1). 

The various modalities to treat pain post-surgery include:

1.  Systemic pharmacological therapy

2.  Topical, local infiltration techniques

3.  Neuraxial  analgesia

4.  Regional anaesthetic procedures

5.  Non-pharmacological therapies such as acupuncture, acupressure, hypnosis, and transcutaneous electrical nerve stimulation (TENS)

Invasive or

Minimally invasive

interventions

Potent opioids  NSAIDS

Adjuvants

Weak opioids  NSAIDS  Adjuvants

NSAIDS  Paracetamol  Adjuvants

Fig. 5.1  WHO step ladder for pain management
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Below is a brief overview of the pharmacological agents used 

to treat acute pain after surgery. 

5.2 

 Pharmacological  Agents

The simplest way to classify the pharmacological agents is based on their mechanism of action along the pain pathway and how 

they act to relieve or stop the pain (Fig. 5.2). A brief discussion about each drug group’s classification, mechanism of action, uses, and various complications are as follows. 

Skin incision

Local anesthetics, 

(nociception)

NSAIDS, COX -2

inhibitors

Transmission from 10

Neuraxial local anesthetics

afferent neuron to spinal

cord

Modulation in the spinal

Neuraxial opioids, 

cord based on the

ketamine,  2 agonists, 

descending inhibitory

systemic opioids

pathways

Perception at the cerebral

COX -2 inhibitors, 

cortex

paracetamol,  2 agonists, 

ketamine, tramadol, 

MgSO4, antidepressant & 

antiepileptic medications

Fig. 5.2  Pain pathway and site of action of various drugs

5  Drugs for Acute Pain Management

111

5.3 

 Local  Anaesthetics

All the local anaesthetics include a lipophilic amine and a hydrophilic ester group, joined together by an intermediate link. Based on the nature of this link, local anaesthetics are roughly divided into esters (e.g. cocaine, chloroprocaine) and amides (e.g. lignocaine, bupivacaine, levobupivacaine and ropivacaine). The pri-

mary mechanism of action is suppression of the formation of 

action potential by inhibiting the voltage-gated Na + channels at the nerve terminals, preventing the nociception [11].Lignocaine is also postulated to have anti-inflammatory, anti-metastatic, and antibacterial properties. Route of administration includes topical (EMLA (Eutectic mixture of Local Anaesthetics) to skin, 10% 

lignocaine spray for mucosa, lignocaine gel), subcutaneous, intravenous (lignocaine for systemic analgesia, prilocaine for intravenous regional anaesthesia), perineural (for regional blocks), 

epidural, and intrathecal. Notable side effects are allergic reactions, local toxicity causing tissue necrosis, methemoglobinemia with prilocaine, transient neurological symptoms, and sedation with lignocaine [12]. 

The most dreaded complication includes Local Anesthetic 

Systemic Toxicity (LAST). The reported incidence is highly variable in the literature, ranging from 25 per 10,000 nerve blockades to nil in 12,000 nerve blocks [13]. Accidental intravascular injection is the most common cause but can also occur when one 

exceeds the recommended maximum dose. The two main organs 

affected are the heart and brain. Neurological CNS manifestations such as seizures, confusion, hallucination, perioral tingling, and numbness are noted, and cardiovascular CVS symptoms include 

arrhythmias, hypotension, ST—T changes, dyspnea, chest pain, 

cardiac arrest, etc. Bupivacaine, the most lipophilic of the local anaesthetics with a longer duration of action, has predominant cardiac symptoms when the intravascular spread is noted. 

Diagnosis is often clinical, based on a high index of suspicion and relevant history. Initial management is mainly focused on standard A (airway), B (breathing), and C (circulation). 

Benzodiazepines are used for the treatment of seizures. The main-
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stay of therapy is an intravenous 100 ml bolus of 20% intralipid emulsion (1.5 ml/kg over 2–3 min) followed by 250 ml infusion 

(0.25 ml/kg/min) over 20–30 min [14]. The bolus can be repeated three times maximum and infusion dose doubled if there is no 

improvement in hemodynamics [14]. Beta blockers, calcium channel blockers, and vasopressin are avoided during resuscita-tion and lower doses of epinephrine than standard 1 mg are recommended in case of cardiac arrest [14]. Once the patient is 

stable, it is advisable to monitor at least 2 h after the last seizure, 4–6 h after the cardiovascular instability and as long as appropri-

ate after cardiac arrest [14]. Newer formulations such as liposomal bupivacaine and SABER (Sucrose acetate isobutyrate 

extended release) bupivacaine allow a longer duration of action, reducing the cumulative dose requirement [14]. The American Society of Anesthesiologists (ASA) committee on regional anaesthesia recommends regular usage of surgical site-specific topical, infiltration, or regional anaesthetic techniques in all surgeries and also the use of neuraxial techniques in all major abdominal and thoracic procedures in patients with high-risk complications [15]. 

Intravenous agents can be discussed briefly as:

1.  Opioids

2.  Non-opioid  analgesics

5.3.1   Opioids

Opioids form the mainstay of treatment for postoperative pain. 

The first opioid, morphine, was discovered in 1806 from opium 

poppy   Papaver Somniferum,  giving all its derivatives the name 

‘opioids’ [16]. They can be broadly classified as natural (morphine, codeine, thebaine, and papaverine), semi-synthetic (heroin, buprenorphine, hydromorphone), and synthetic (fentanyl, pethidine, methadone), etc. The opioid receptors are present throughout the central nervous system (CNS), gastrointestinal tract (GIT), heart, vas deferens, etc., and are of three types: mu ( μ), kappa ( k), delta ( δ) and non-classical receptors like nociceptin, orphanin 

[17]. Based on the action at the receptors, they are further classi-
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fied as agonists (morphine, fentanyl), antagonists (naloxone), and partial agonist–antagonists (nalbuphine, buprenorphine). 

Even though they have been the oldest analgesics available, 

their usage has become questionable due to their tendency for 

addiction, tolerance, and various side effects. Opioids are used for severe, chronic, and cancer pain and should not be prescribed for longer duration. The routes of administration depend on the drug and include oral, topical, transdermal patches, intramuscular, intravenous, and neuraxial. ASA recommends the usage of oral 

over systemic administration and intravenous patient-controlled analgesia (PCA) rather than continuous infusion if systemic use is 

deemed necessary [15]. Adverse effects include sedation, pruritis, urinary retention, respiratory depression, hypotension, histamine release, constipation, nausea and vomiting, postoperative ileus, and tolerance, sometimes leading to hyperalgesia. All the patients who receive opioids in the perioperative period should be monitored for these conditions based on the duration of action of the drug administered. Respiratory depression is the most dreaded 

complication due to the activation of opioid receptors in the respiratory centre of the brain stem, leading to hypoventilation and carbon dioxide retention [18]. Clinical symptoms include altered mentation, reduced respiratory rate, and pinpoint pupils, described as the classical triad of opioid overdose [19]. Naloxone, a competitive antagonist of opioid receptors, is the drug of choice apart from supportive management. An initial bolus of 0.1  mg/kg is 

administered intravenously, and the duration of action is approximately 30–45 min. An infusion should follow it in case toxicity of 

long-acting opioids is suspected [18]. 

5.3.1.1   Tramadol

Even though tramadol is structurally related to morphine and 

codeine, it is generally not categorized as a typical opioid compound. It is the only non-scheduled opioid as per the FDA and is widely used for the treatment of mild to moderate pain on an over-the-counter basis around the world [20]. It has dual analgesic 

action as a m receptor agonist and prevents serotonin and norepinephrine reuptake. It is available in oral, per rectal, and parenteral formulations. The recommended maximum dose is 400  mg per 

114

D. Haritha and S. Sarkar

day and 300 mg per day for extended-release preparations [20]. 

Metabolism is via CYP 450 mediated phase I reaction in the liver followed by conjugation in phase II reaction. Active metabolites include O -desmethyl tramadol and N, O—desmethyl tramadol, 

which can accumulate in patients with renal dysfunction, leading to prolonged duration of action. 

It is generally preferred in patients in whom cardiorespiratory compromise must be avoided, such as obstructive sleep apnoea, 

hypoventilation syndromes, chronic obstructive pulmonary dis-

ease, and elderly patients for perioperative analgesia. Another routine use of tramadol is for the treatment of postoperative shiv-ering. It is also postulated to prevent catheter-related bladder discomfort and voiding urgency [21]. Side effects include dizziness, nausea, vomiting, sweating, dry mouth, and diarrhoea. Rarely, 

there can be allergic reactions and cardiovascular compromise 

like arrhythmias, hypotension, and shock. 

5.3.1.2   Tapentadol

It is a centrally acting analgesic, acts as a μ-opioid receptor agonist and, inhibits the reuptake of norepinephrine, enhances 

descending inhibitory pain pathways, reduces pain perception. It is effective for both nociceptive and neuropathic pain. Tapentadol provides analgesia with fewer side effects compared to pure opioids like morphine due to its dual mode of action. Depending on pain severity, the recommended dose is 50–100 mg every 4–6 h 

[22]. The maximum dose is 600 mg daily for short-term acute pain management. It can potentiate the sedative effects of alcohol, benzodiazepines, and other central nervous system depres-

sants. Concurrent use with monoamine oxidase inhibitors 

(MAOIs) can lead to serotonin syndrome or hypertensive crisis. 

It has similar efficacy to higher-dose opioids for acute pain with fewer gastrointestinal side effects. Thus, it can be a potential first-line opioid of choice for acute pain management, balancing adequate analgesia with a lower risk of adverse gastrointestinal events [22]. 
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5.3.2   Non-opioid  Analgesics

5.3.2.1   Non-steroidal Anti-inflammatory Drugs

NSAIDs are anti-inflammatory, antipyretic, antiplatelet, and analgesic agents that inhibit cyclo-oxygenase (COX) enzyme, limit-

ing prostaglandin production and affecting nociception. They are widely used for the treatment of mild to moderate pain in the perioperative setting due to their proven opioid-sparing effect [23]. 

Brief classification based on the chemical structure is described in Table 5.1. Based on the selectivity of the COX inhibition, they are divided into nonselective (e.g. aspirin, diclofenac, ibuprofen, etc.) and selective COX—2 inhibitors (e.g. celecoxib, etoricoxib) [24]. 

The various routes of administration include topical, oral, rectal, intramuscular, and intravenous administration based on the drug and available formulations. Dosage also depends on the individual drugs, but the lowest possible dosage is recommended for the shortest duration. The common side effects include hypersensitivity reactions, nephrotoxicity, gastric ulceration, thromboem-bolic events, reduced seizure threshold, and hepatotoxicity [25]. 

Contraindications include active bleeding, peptic ulcer disease, uncontrolled hypertension, elderly age, coronary bypass grafting, stroke, and myocardial infarction (excluding aspirin). COX-2 

inhibitors have improved gastric safety profiles, but removing rofecoxib from the market due to its adverse cardiovascular effect suggests their use needs to be more strategic [26]. The ASA recommendations also suggest routine usage of NSAIDs such as 

paracetamol as part of the multimodal regimen of analgesia unless contraindicated [15]. 

Table 5.1  Classification of non-steroidal anti-inflammatory drugs (NSAIDs) Chemical structure

Examples

Acetylated salicylates

Aspirin

Acetic acid derivatives

Diclofenac, indomethacin

Propionic acid derivatives

Naproxen, ibuprofen

Anthranilic acid derivatives

Piroxicam, meloxicam

Enolic acids

Mefenamic acid
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5.3.2.2   Paracetamol

Paracetamol is the most commonly used antipyretic analgesic 

medication used around the world and is available on an over-

the-counter basis. Even though pharmacodynamics resembles 

that of NSAIDS, the mechanism of action of this drug remains 

unknown. It doesn’t bind to either COX −1 or COX −2. Still, it is believed to antagonize the COX −3 enzyme, which results in 

decreased prostaglandin synthesis in the central nervous system, causing analgesia via the serotonergic pathway and antipyresis via the hypothalamic heat-regulating centre [25]. It is routinely used in mild to moderate pain and for reduction of temperature in fever. 

It had been shown to have equianalgesic efficacy to appropri-

ate doses of NSAIDS, tramadol and 10 mg morphine, but with 

reduced side effects [27]. Paracetamol is not adequate for neuropathic pain but provides good analgesia in musculoskeletal pain. 

It is found to have an opioid-sparing impact as part of a multimodal regimen. It is also proven to act synergistically with other drugs such as NSAIDS, tramadol, codeine, caffeine, etc. [27]. It is administered via intravenous, intramuscular, oral, per rectal route, and there was no significant difference in pain scores between patients who were given intravenous and oral formulation one 

hour after administration in dental extraction [27]. 

Oral bioavailability is between 63% and 89% in adults [28]. It 

is mainly metabolized in the liver through glucuronidation and sulphation into non-toxic metabolites. Still, a small amount 

(5–10%) undergoes oxidation to form N-acetyl-p-benzoquinone 

imine (NAPQI), which is highly toxic and is responsible for acute hepatic necrosis in paracetamol overdose [27]. NAPQI is detoxi-fied by conjugation and glucuronidation in the liver to mercaptu-ric acid and excreted through the kidney. But when paracetamol is administered in higher doses, sulphation becomes saturated, and a larger amount (10%) of the drug gets metabolized to NAPQI, 

reducing the glutathione reserves of the liver and causing cell death. The maximum recommended dose for an adult with creati-nine clearance >30 ml/min is 4 gm daily [27]. In children <10 kg, 

7.5 mg/kg and >10 kg, 15 mg/kg dosing is recommended [27]. 
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Side effects are rare and generally well tolerated in all age 

groups. Commonly encountered side effects include allergic reactions, Steven Johnson syndrome, pancytopenia, electrolyte abnormalities, etc. The most life-threatening complication is acute hepatic failure due to paracetamol poisoning. Initial management is generally supportive, and N—Acetylcysteine (NAC) is the drug of choice for definitive treatment [28]. NAC helps in the restora-tion of the glutathione pool, which is depleted by NAPQI and 

prevents further cell injury. 

5.3.2.3   Ketamine

Ketamine is a phencyclidine derivative which was routinely used as an induction agent, sedative and premedication. Its potent analgesic properties have been known for many years, but up till the past decade, it has yet to find its place in analgesic regimens. 

There has been strong evidence suggesting the opioid-sparing 

properties of ketamine reduce the total consumption of opioids and their side effects, such as nausea, vomiting, and ileus [29, 30]. 

Ketamine acts as a non-competitive antagonist at NMDA recep-

tors, producing its classical effects such as dissociation and hallucination. Still, the analgesic dose of 0.5  mg/kg rarely causes these. [31] Ketamine blocks signals from the ascending spinothalamic reticular pathways at the spinal level, reducing pain perception. Various other unknown mechanisms of action, such as 

magnesium channel blockade and phosphorylation of NMDA 

receptors, have been under research. 

The parenteral route is the most widely used method of admin-

istration. Off-label uses such as infiltration, intranasal, nebuliza-tion, adjuvant to local anaesthetics in various regional procedures, and topical as a patch are not that popular. The ASA recommendations also suggest the usage of ketamine as part of a multimodal analgesia regimen in major thoracic and abdominal surgeries 

[15]. Wide dose ranges are quoted in the literature, starting from 0.5  mg/kg bolus and followed by an infusion of 10  μg/kg/min 

which can be titrated to the clinical effect. Notable adverse effects include an increase in blood pressure, arrhythmias, worsening of heart failure in patients with ischemic heart disease, increased skeletal muscle tone, and seizure-like activity, neurological symp-
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toms such as hallucinations, anxiety, confusion, depression, respiratory symptoms including increased mucosal secretions, 

laryngospasm, etc. Ketamine is, as such, contraindicated in 

patients in whom an increase in blood pressure is detrimental, such as coronary artery disease, valvular heart defects, abdominal aortic aneurysm; also contraindicated in patients with increased intracranial pressure, severe hepatic, and renal dysfunction in whom there might be a delay in elimination of the drug [32]. 

5.3.2.4  

α2 Agonists

α2 agonists such as dexmedetomidine and clonidine provide analgesia at peripheral, spinal, and supra-spinal levels based on the activation of postsynaptic α2 receptors in the locus coeruleus of the brain stem and the spinal cord. [9] Both these drugs reduce the sympathetic tone causing bradycardia and hypotension and reduce opioid and anaesthetic requirements if used in the intraoperative period [33].Dexmedetomidine is relatively more selective at α2 

receptors with an α2: α1 activity of 1620:1 in comparison with clonidine with α2: α1 activity of 220:1, making it eight times more specific than clonidine. This is responsible for more effective sedation and analgesia produced by dexmedetomidine than cloni-

dine [33]. Sedation with an easily arousable state upon stimulation, also called ‘conscious sedation’, is a characteristic feature of dexmedetomidine sedation, making it a highly recommended 

drug in any painful procedures which require sedation but not 

general anaesthesia. 

Various routes of administration have been utilized in the literature, such as intranasal, parenteral, and perineural, in regional blocks as adjuvant and in neuraxial, both epidural and intrathecal. 

They are excellent adjuvants when used with local anaesthetics, causing significant prolongation in the nerve blockade in a dose-dependent manner without any significant adverse effects. ASA 

committee recommendations also strongly suggest the addition of clonidine or dexmedetomidine as an adjuvant to local anaesthetics to aid in prolongation of the effect if necessary [15]. A meta-analysis comparing fentanyl and dexmedetomidine as an adjuvant in spinal anaesthesia also proved that patients who received dexmedetomidine were pain-free for a longer duration with a similar 
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amount of hypotension and bradycardia as that of fentanyl, without pruritus and vomiting [34]. 

Dexmedetomidine is administered as a standard bolus dose of 

1 μg /kg over 10 min, followed by 0.3–0.7 μg/kg/h infusion for procedural sedation. A dose range of 0.5–1 mg/kg is used as an adjuvant in peripheral nerve blocks [35]. Most commonly encountered adverse effects include hypotension, bradycardia, and sometimes initial hypertension due to postsynaptic activation of 

receptors. There are, as such, no notable contraindications to dexmedetomidine, but it should be used cautiously in patients who might not tolerate such hemodynamic changes as in ischemic 

heart disease, heart failure, etc. [36]

5.3.2.5   Magnesium  Sulphate

There has been a rapid increase in MgSO4 usage in anaesthesia for the last decade. It has been classically used for a long time for the prevention of seizures in pre-eclampsia and as an anti-arrhythmic agent. It acts as a natural antagonist to Ca2+, expressing the role of calcium channel blockers. It also acts as an antagonist at NMDA receptors, which prevent central sensitization in response to nociception and reduce hypersensitivity [37]. MgSO4 had a big come-back into anaesthesia practice due to continuous recommendations of multimodal analgesia, guidelines with a bundle of recommendations such as Enhanced Recovery after Surgery (ERAS) and 

Procedure Specific Postoperative Pain Management (PROSPECT) 

guidelines. 

The latest literature proves beyond doubt that MgSO4 has anti-

nociceptive effects, which can reduce perioperative opioid 

requirements even though there was wide variation in the dosage 

used [38]. A dose range of 30–50  mg/kg bolus followed by an infusion of 5–25  mg/kg/h was quoted in the literature. Other 

effects of MgSO4 include improvement in microcirculation, pre-

vention of vasospasm, maternal and fetal neuroprotection, potentiate nondepolarizing neuromuscular blocking agents, and 

bronchodilation. 

Toxicity is rare but fatal unless diagnosed and promptly treated. 

Serum magnesium levels of 4–6 meq/L can cause nausea and leth-

argy, along with reduced deep tendon reflexes and hypotension. 

120

D. Haritha and S. Sarkar

At 6–10  meq/L, there can be bradycardia, absent deep tendon 

reflexes, prolonged PR interval, and increased QRS duration. At 

>10 meq/L, there can be coma, paralysis, respiratory failure, complete heart block, and cardiac arrest. Strict monitoring with discontinuation of the infusion and intravenous calcium is the 

treatment of choice. 

5.3.2.6   Antiepileptic  Drugs

Antiepileptic drugs such as gabapentin, pregabalin, clonazepam, carbamazepine, oxcarbazepine, topiramate, etc., are used widely in the treatment of neuropathic pain and chronic pain conditions such as fibromyalgia [39]. Gabapentin and pregabalin, called gabapentinoids, even though structurally similar to GABA, don’t 

adhere to GABA receptors or don’t have anything to do with them 

[40]. They have a high affinity for voltage-gated Ca2+ channels and prevent the release of excitatory mediators which increases the concentration of inhibitory mediators such as GABA [41]. 

Gabapentin is available in 100 mg, 300 mg, and 400 mg oral formulations and is prescribed in the dose range of 300 mg/day to 1200 mg/day. Pregabalin is started at 50 mg once at bedtime and can be increased up to 300 mg once daily. Common side effects 

include dizziness, sedation, ataxia, nausea, vomiting, diplopia, and life-threatening complications such as allergic reactions, angioedema, and with-drawl seizures can be seen rarely [40]. 

Oxcarbazepine and carbamazepine are the drugs of choice in 

the management of trigeminal neuralgia. These drugs block voltage-gated sodium channels, inhibiting action potential and stabilizing cell membranes in hyperexcitable neurons [41]. 

Carbamazepine is available in 100  mg, 200  mg, 300  mg, and 

400 mg tablets. It is prescribed at 800–1200 mg/day up to a maximum of 1600  mg/day. Notable side effects include dizziness, 

ataxia, nausea, vomiting, hepatotoxicity, suicidal ideation, and hyponatremia. USFDA has issued a black box warning regarding 

agranulocytosis, a rare but severe side effect in these patients 

[42]. It is contraindicated in patients with bone marrow depression or documented hypersensitivity to other tricyclic antidepressants [42]. 
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Topiramate is another antiepileptic drug with proven efficacy 

in the treatment of radicular pain and diabetic neuropathy [43]. It 

blocks AMPA (alpha-amino-3-hydroxy-5-methyl-4-isooxazole-

propionic acid) gated sodium channels and also positively modulates GABA receptors, leading to antiepileptic activity, analgesia, as well as mood stabilization [44]. Common side effects, include CNS symptoms such as paraesthesia, tiredness, memory and concentration difficulties, endocrine and metabolic disturbances, suicidal ideation, ataxia, and worsening of glaucoma [44]. 

5.3.2.7   Antidepressants

Tricyclic antidepressants (TCA) such as amitriptyline and selective norepinephrine reuptake inhibitors such as duloxetine are being used in the management of neuropathic pain. They are also recommended prophylactically in patients with tension-type 

headaches and migraine [25]. Both these drugs cause inhibition in 

the reuptake of two primary neurotransmitters, serotonin and norepinephrine, resulting in the enhancement of descending inhibitory pathways in CNS related to pain. Also, TCA has 

anticholinergic, antihistaminic, and other effects, such as NMDA antagonism. Amitriptyline is available as 25 mg and 50 mg oral tablets (maximum daily dose 150 mg) and duloxetine as 60 mg 

and 120  mg tablets (maximum daily dose 120  mg). TCA can 

cause altered sensorium, arrhythmias, constipation, dry mouth, headache, reduced libido, orthostatic hypotension, and difficulty in urination [25]. Duloxetine causes nausea, vomiting, dizziness, hypertension, and suicidal ideation, for which regular monitoring is warranted [25]. 

5.3.2.8   Herbal  Medication

Complementary and alternative medicine (CAM) strategies, 

including a wide range of therapies such as herbal medications such as ginger, turmeric, and capsaicin, were traditionally used for pain management after surgery in many countries. Many 

patients are under the assumption that these remedies are safe and natural methods to avoid the side effects of pharmacological 

agents. Still, most of them have active compounds that can pro-

duce a wide range of drug interactions [45]. The active compo-
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nents of ginger are called gingerols and traditionally have been used for the treatment of musculoskeletal pain, cold, motion sick-ness, swelling, arthritis, and nausea. It can produce side effects such as arrhythmias and sedation and increases bleeding time by preventing thromboxane synthesis [45]. 

Turmeric has an active compound called curcumin, which can 

regulate various cytokines such as IL-6, tumour necrosis factor - α 

(TNF  -  α), and interferons, leading to anti-inflammatory action 

[45]. Though it is being used widely for various autoimmune diseases such as rheumatoid arthritis, multiple sclerosis, and inflammatory bowel disease, it has been shown to increase bleeding time 

when used along with other antiplatelet medication [45]. Capsaicin is a chilly pepper extract with agonistic action at transient receptor potential cation channel type V 1 receptor (TRPV—1), leading to analgesic properties. The effect is particularly mentioned as 

‘defunctionalization’ which is described as initial intense sting-ing, burning hyperalgesia followed by decreased sensitivity to noxious stimulation at 4–16 weeks after application [45]. Further 

research is required for validating these agents in perioperative practice for analgesia. 

5.4 

 Conclusion

A wide variety of analgesic medications are available at the disposal of anaesthesiologists for the management of analgesia in the perioperative period. The choice of drug, dose, timing, and combination has to be selected based on the patient profile, surgery, type of pain, and the possible side effects. Multimodal analgesia has been a standard recommendation throughout the literature. It has proven to improve perioperative outcomes and reduce patient complications and hospital stays, aligning with the fast track and ERAS protocols. Judicious and evidence-based institutional pain management protocols must be established for each surgery to 

avoid complications. 
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Abstract

Pain is the most common reason for a patient to seek medical 

advice. The management of acute pain is crucial as inadequate/

inappropriate management has been found to be associated 

with increased morbidity. Opioids have been the mainstay of 

analgesic regime for management of acute pain. They can be 

administered via various routes including intravenous, epi-

dural, intrathecal, nerve block, etc. This chapter provides an overview of patient-controlled analgesia, neuraxial block, and peripheral nerve block techniques used for managing acute 

pain. 
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Key Points

•  PCA allows patients to self-administer a predetermined 

dose of analgesic, typically via an IV pump. It is pro-

grammed with a lockout interval to prevent overdose. It 

improves patient autonomy and satisfaction and provides 

pain relief tailored to immediate needs. 

•  Neuraxial blocks consist of an injection of analgesics 

near the spinal cord within the epidural or subarachnoid 

space. It  provides superior pain control, reduced opioid 

consumption, and early ambulation. 

•  Peripheral nerve block provides targeted analgesia by 

injecting local anesthetics near a specific nerve or group 

of nerves. It has been an effective method for site-spe-

cific pain relief with reduced need for systemic opioids 

and improved recovery. 

“I put it to you that the relief of severe, unrelenting pain would come at the top of a list of basic human rights.” M. J. Cousins 6.1 

 Introduction

Pain is defined as “an unpleasant sensory and emotional experience associated with, or resembling that associated with actual or potential tissue damage. ” [1] The World Health Organization (WHO) and the International Association for the Study of Pain 

(IASP) acknowledge that alleviating pain is a basic human right 

[2]. Pain is typically categorized into three types: “acute pain” 

(associated with trauma, labor, and both surgical and post-surgical pain), cancer pain, and chronic non-cancer pain. 

The management of acute pain is crucial as inadequate/inap-

propriate management has been found to be associated with 

increased morbidity. It negatively affects quality of life and functional recovery and is an independent risk factor for persistent pain and long-term opioid use [3]. Opioids have been the mainstay of analgesic regime for management of acute pain. However, 
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opioid related side effects and risk of opioid dependence emphasizes the need for alternative, analgesic techniques which includes neuraxial (epidural/intrathecal) techniques, peripheral nerve 

blocks, use of non-opioid medications, etc. This chapter will 

explore these analgesic methods, examining their mechanisms, 

applications, benefits, and potential risks, with the aim of providing a comprehensive understanding of how these techniques con-

tribute to effective pain management strategies. Non-opioid 

adjuvants are discussed in chapter on “Drugs for acute pain 

management.” 

6.2 

 Patient-Controlled  Analgesia

Since 1971, patient-controlled analgesia (PCA) has been used to enhance pain management, with the first commercially available PCA pump introduced in 1976. The purpose of PCA is to provide 

effective pain relief by allowing patients to self-administer a preset dose of medication on-demand with the push of a button, 

according to their preferred dosage and timing, thereby enhancing the patient autonomy and comfort. Each dose can be given alone or combined with a continuous background infusion of medication. 

PCA is used to manage acute, chronic, postoperative, and labor-

related pain [4]. Medications can be delivered intravenously (IV), epidurally, via a peripheral nerve catheter, or trans dermally [5, 6]. 

PCA has been shown to be more effective for pain control 

compared to non-patient-administered or intermittent analgesic injections, leading to greater patient satisfaction, increased perception of situational control, lower anxiety and depressive symptoms, and increased control over pain relief [7, 8]. Additional 

benefits include avoiding the need for injections, experiencing immediate pain relief and lesser dependency on nursing staff 

thereby enhancing overall satisfaction with pain management [9]. 

Despite these advantages, PCA has been linked to negative experiences such as distrust of the PCA pump, concerns about over-

dose or addiction, and potential adverse effects like oversedation and respiratory depression [10]. Adherence to stringent clinical guidelines is crucial to mitigate these adverse outcomes [11]. 
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6.2.1   Equipment  and Operation

The administration of PCA involves choosing the appropriate 

route, medication, and pump type. 

 Routes: PCA can be administered via an intravenous (IV) catheter, epidural catheter, indwelling nerve catheter, or iontophoretic transdermal system. 

 Pumps: A range of PCA pumps are available, but all share key features such as a locking device, medication chamber, programming screen, and patient button (Fig. 6.1). The physician manages the infusion rate, bolus volume, maximum allowable hourly dose, and lockout interval. The patient, however, controls the button that delivers a bolus dose of drug. The lockout time is a crucial safety feature of PCA that prevents unintentional overdose, ensuring patient safety. Furthermore, if a patient receives excessive drug known to cause sedation, the resulting sedation will naturally limit further self-administration [12]. For IV PCA, the medication line is connected to a fluid infusion line. 

 Medications: Commonly used medications include opioids and local anesthetics. Opioids are typically used alone for IV PCA (Table 6.1) or combined with local anesthetics for epidural cath-

eter or peripheral nerve catheter PCA (Table 6.2). Opioids include 

pure Mu opioid receptor agonists (morphine, fentanyl, 

hydromorphone, sufentanil, alfentanil, and remifentanil), Mu opioid receptor agonist-antagonists (butorphanol, nalbuphine, pentazocine), and partial Mu opioid receptor agonists (buprenorphine, dezocine). Among these, morphine remains the gold standard for IV PCA [13]. Other medications like ketamine, naloxone, clonidine, magnesium, and ketorolac may be added to IV PCA to 

improve pain control and reduce side effects. However, opioids and local anesthetics remain the core of PCA therapy [13]. Local 

anesthetics, such as bupivacaine, levobupivacaine, and ropiva-

caine, with or without adjuvants, are primarily used for epidural catheters and indwelling nerve catheters PCA. 

[image: Image 34]
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Fig. 6.1  PCA pump showing different parts (programing screen, medication chamber, patient button). (CADD-Legacy® PCA, Model 6300, Smith Medical ASD, Inc., St. Paul, MN 55112, USA)

Table 6.1  Setting of intravenous patient-controlled analgesia (PCA) Lockout period 

Basal infusion 

Analgesic

Bolus dose

(minutes)

rate

Morphine

1–2 mg

5–10

≤0.5 mg/h

Fentanyl

10–50 μg

5–10

≤50 μg/h

Sufentanil

4–6 μg

5–10

≤5 μg/h

Remifentanil

0.5 μg/kg

2

NA

Piritramide

0.75–1.5 mg 5–10

≤0.5 mg/h

Hydromorphone 0.25–0.5 mg 5–10

≤0.4 mg/h

Tramadol

10–20 mg

5–10

≤10 mg/h
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out period 

Lock

(minutes)

10–15

10–15

10

10

10

10

20

20–60

Demand dose 

(mL)

3–5

3–5

4

3

4

4

2–4

3–5

e catheter PCA

Basal infusion 

rate (mL)

5–10

5–10

4

4

4

4

6–8

5–8

yl 

yl 

μg/mL

μg/mL

μg/

yl 5 

yl 5 

μg/mL

vacaine 0.0625% to 0.125% + Fentan

μg/mL vacaine 0.08% to 0.1% + Fentan μg/mL

vacaine 0.0625% + Fentan

vacaine 0.125% + Fentan

vacaine 0.0625% + Hydromorphone 

μg/mL

vacaine 0.0625% + Clonidine 1 

vacaine 0.2%

vacaine 0.2%

Drug and concentration

Bupi

1-2 

Ropi

1-2 

Bupi

Bupi

mL ± Clonidine 0.75 

Bupi

10 

Bupi

Ropi

Ropi

vicular 

geries

Setting of patient-controlled epidural analgesia (PCEA) and peripheral nerv xus



Epidural Analgesia

Table 6.2

Purpose

Labor 

Lumber Epidural for 

Infra-umbilical Sur

Interscalene or infracla

brachial ple

Sub-gluteal or Popliteal 

Sciatic
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6.3 

 Neuraxial  Analgesia

Neuraxial analgesia involves administering local anesthetics and/

or opioids in subanesthetic doses to the neuraxis for effective, long-lasting pain relief. It can be administered through a single injection into the epidural or subarachnoid space, via intermittent injections or continuous infusion through an epidural catheter, or by patient-controlled epidural analgesia (PCEA) using a catheter. 

The use of subarachnoid catheters for acute pain is uncommon. It is commonly used for intraoperative analgesia, postoperative 

pain, and chronic cancer pain. This technique has been shown to offer highly effective pain relief [14]. Additionally, it may provide benefits beyond pain relief. Neuraxial opioids are commonly used during labor and delivery, but they are also applied in procedures such as laparotomies, thoracotomies, cardiac surgery, and lower 

limb arthroplasty [15–19]. One of the key advantages of epidural analgesia is seen in patients with preexisting respiratory conditions undergoing abdominal surgery [20]. 

A key factor in choosing patients for neuraxial analgesia is 

their coagulation status, especially if they are taking antiplatelet or anticoagulant medications. Understanding coagulation issues is crucial to reducing the risk of intraspinal bleeding and spinal hematomas, which can cause serious neurological damage [21]. 

6.3.1   Anatomy

The spinal cord extends from the brainstem and terminates at the conus medullaris, with the filum terminale and cauda equina 

extending further. In adults, the spinal cord ends at L1-L2; in infants, it can end at L3 due to differential growth rates. Three meninges surround the spinal cord: the pia mater (innermost), 

arachnoid mater, and dura mater (outermost). Cerebrospinal fluid (CSF) resides in the subarachnoid space between the pia and 

arachnoid mater. The arachnoid mater serves as a major barrier to 

drug passage into and out of the CSF [22]. 
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The epidural space, external to the dura mater, is bounded by 

the posterior longitudinal ligament, pedicles, and ligamentum flavum, and contains nerve roots, fat, areolar tissue, lymphatics, and Batson’s venous plexus. The ligamentum flavum varies in thick-ness and proximity to the dura across vertebral levels [22]. 

6.3.2   Mechanism  of Action

Neuraxial analgesia works by blocking sensory, motor, and sym-

pathetic nerve fibers through the administration of local anesthetics and/or opioids. 

The pharmacologic properties of various opioids determine 

their speed of onset, duration of action, and side effect profile (Table 6.3). The lipid solubility of a drug is a key factor in its effectiveness when administered via the neuraxial route. Morphine, 

being hydrophilic, has a slower onset of analgesia, a longer duration of action, the ability to provide pain relief across a broader dermatomal range, and carries a risk of delayed respiratory depression. In contrast, fentanyl is lipophilic, resulting in a rapid onset, a shorter duration of action, more localized pain relief, and a reduced risk of delayed respiratory depression. Hydrophilic opioids like morphine, when introduced into the epidural or subarachnoid 

space, tend to remain in the cerebrospinal fluid (CSF) longer than lipophilic ones, allowing them to travel to the brain and affect respiratory centers hours after administration [23]. Opioids admin-

istered into the epidural space diffuse into surrounding tissues, including epidural fat and veins, reducing their availability to bind to opioid receptors and provide analgesia. Epidural opioids primarily exert their analgesic effects through two mechanisms: spinal and supraspinal or systemic pathways. Some opioids enter the Table 6.3  Pharmacological characteristics of commonly used neuraxial opioids

Oil-water partition 

Dose 

Onset 

Duration 

Drug

coefficient (lipophilicity)

(μg)

(min)

(h)

Morphine 1.4

50–500

30–60

10–24

Fentanyl

816

10–50

5–10

0.5–2

Sufentanil 1727

2.5–12.5

3–6

1–3
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cerebrospinal fluid (CSF) by diffusing through the spinal meninges, resulting in spinally mediated analgesia. Others are absorbed into the bloodstream and transported to the brainstem, where they contribute to supraspinal analgesia [24]. 

Local anesthetics used for neuraxial analgesia work by block-

ing nerve conduction. To achieve this form of analgesia, smaller doses and lower concentrations of local anesthetics are administered compared to those required for surgical anesthesia. This sensory blockade provides sufficient pain relief without significantly affecting motor function, allowing for the detection of complications. Additionally, analgesic doses of local anesthetics result in less disruption of sympathetic tone. Bupivacaine and ropivacaine are the most commonly used local anesthetics for epidural analgesia due to their preferential effect on sensory fibers over motor fibers (differential blockade) and their lower likelihood of causing tachyphylaxis (tolerance to local anesthetic effects). 

For acute pain, neuraxial analgesia often combines opioids 

with local anesthetics, as their differing mechanisms of action work synergistically to provide enhanced pain relief with reduced doses and fewer side effects. Intrathecal (IT) meperidine is notable  as it has both local anesthetic effects and opioid receptor-binding properties, making it suitable as a standalone agent for surgery. It induces spinal anesthesia similar in quality to that provided by conventional local anesthetics. Despite being less lipid-soluble than fentanyl, meperidine has a similar onset of action but a longer duration [25]. 

6.3.3   Benefits  and Limitations

 Subarachnoid or Intrathecal (Spinal): This technique involves the direct administration of opioids into the cerebrospinal fluid (CSF) for analgesia. Intrathecal (IT) opioids offer several advantages, including prolonged duration of action, the need for smaller doses to achieve equivalent analgesic effects, minimal vascular absorption, ease of intrathecal space access, minimal hemodynamic 

alterations, and the absence of motor blockade or sensory loss. 

However, potential side effects include mild respiratory depression, respiratory arrest, pruritus, generalized muscle rigidity, 
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sedation, nystagmus, nausea and vomiting, epileptic seizures, 

myoclonus, urinary retention, hyperalgesia, neurotoxicity, and water retention [23]. 

 Epidural: It involves administration of analgesics via an indwelling catheter placed in the epidural space. Although opioids may be used alone for providing effective postoperative analgesia, multiple studies have shown that analgesia is more effective when they are combined with lower concentration of local anesthetics. 

It has been considered to be the gold standard for providing labor analgesia and postoperative analgesia following various surgeries. 

The advantages and side effects are similar to intrathecal opioids. 

6.3.4   Advancements in Neuraxial Analgesia

Recent advancements in neuraxial analgesia include:

 Low-concentration anesthetic-opioid solutions: To reduce side effects while maintaining efficacy. 

 Patient-Controlled Epidural Analgesia (PCEA): Allows patients to self-administer predetermined doses of analgesics, improving pain management and patient satisfaction. 

 Automated boluses: Such as programmed intermittent or auto-mated mandatory boluses, to maintain effective analgesia and 

reduce the need for manual adjustments. 

6.3.5   Neuraxial Analgesia for Cancer Pain

Neuraxial analgesia is a valuable option for treating refractory 

cancer pain [26]. The most common approach involves the insertion of an intrathecal catheter for continuous opioid administration, often combined with local anesthetics and adjuvants such as clonidine. Percutaneous catheters, particularly when tunneled, can be maintained for extended periods with proper aseptic techniques and care. These catheters can also be used in home set-

tings, provided adequate home care infrastructure is available 

[27]. 
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6.3.6   Neuraxial Analgesia in Labor

Neuraxial analgesia, including epidural, spinal, and combined 

spinal-epidural (CSE) techniques, is widely utilized for labor analgesia [28]. This method involves the administration of local anesthetics and opioids into the epidural or subarachnoid space. 

Neuraxial techniques are favored for their effectiveness in relieving labor pain, improving maternal comfort, and reducing pain- 

induced complications such as hypertension and tachycardia. 

Although other adjuvants like epinephrine and clonidine are used to reduce the local anesthetic dose, opioids remain the primary agents due to their proven efficacy. Clonidine’s use is limited by potential side effects, including hypotension. 

6.4 

 Peripheral Nerve Blocks

Peripheral nerve blocks (PNBs) are effective means of providing surgical anesthesia and postoperative analgesia for many surgical procedures involving the upper and lower extremities as well as nonsurgical analgesia. In certain situations, PNBs offer distinct benefits over general or neuraxial anesthesia [29]. 

Advancements in nerve block equipment and techniques, 

along with the availability of various local anesthetics, have significantly enhanced the safety and effectiveness of PNBs. Beyond their role in providing anesthesia for surgeries and the use of indwelling catheters for extended nerve blocks, PNBs offer excellent pain relief for many upper extremity surgeries and traumas. 

Additionally, indwelling catheters are useful in promoting blood flow following limb reattachment surgeries or in patients with peripheral vascular disease. 

Vasoconstrictors, typically epinephrine, can be added to local anesthetics to reduce drug absorption and extend the duration of action. A concentration between 1:200,000 and 1:400,000 is generally recommended. Ideally, epinephrine should be mixed with 

the anesthetic just before the block is administered. Commercial solutions containing epinephrine tend to have a lower pH, leading 
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to a higher proportion of ionized drug molecules, which slows 

their ability to penetrate neural membranes and delays the onset of action. Other additives, such as steroids, clonidine, dexmedetomidine, opioids, and ketamine, have also been noted to enhance or extend the effects of local anesthetic. Liposomal bupivacaine, which provides a slow release of the anesthetic, is FDA-approved for facial plane and interscalene nerve blocks. However, its advantage over single-dose long-acting anesthetics or continuous catheters for providing prolonged blocks has not been consistently proven [30]. 

While each type of block comes with its own specific risks and benefits, common complications associated with PNBs include 

local anesthetic toxicity, nerve injury, accidental neuraxial block, and unintentional injection of local anesthetics into blood vessels resulting in systemic toxicity. 

6.4.1   Type of Nerve Block

 Single Injections—A single-injection nerve block, commonly referred to as a “single-shot” block, involves delivering a one-time dose of local anesthetic near a specific nerve or plexus to induce anesthesia or pain relief. The duration and intensity of the block are influenced by factors such as the dose, concentration, and pharmacological properties of the chosen anesthetic, with 

effects ranging from less than an hour to over 24 h. 

 Continuous nerve block—A continuous nerve block involves the ongoing infusion of local anesthetic through a catheter positioned near a peripheral nerve or plexus, providing prolonged 

anesthesia or pain relief. This technique is effective for both inpatient and outpatient settings, particularly for patients needing extended pain management. By minimizing pain, opioid consumption, and related side effects, continuous nerve blocks 

enhance patient comfort and improve overall satisfaction, including better sleep quality. 
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6.4.2   Techniques for Localizing Nerves

 Paresthesia Techniques—Paresthesia-seeking involves eliciting a tingling sensation by contacting a nerve with the needle. Though historically common, it can cause discomfort and potential nerve damage. Blunt beveled needles may push nerves aside with less 

risk of penetration, while sharp needles can cause more severe injuries if they penetrate. This technique has been largely replaced by more advanced methods but remains relevant in certain 

contexts. 

 Peripheral Nerve Stimulation—Peripheral nerve stimulator uses electrical currents to induce muscle contractions, aiding in nerve localization without patient feedback. A higher current initially helps identify the nerve, which is then confirmed with a lower current. This technique allows for better sedation and 

reduces reliance on patient responses. 

 Ultrasound Guidance—Ultrasound provides real-time imaging of nerves, the needle tip, and local anesthetic distribution, offering significant advantages over other methods. There are 

various techniques for performing regional blocks using ultra-

sound. Peripheral nerves are typically visualized in a short-axis view rather than a long-axis view. The needle can either be 

inserted within the plane of the ultrasound image (in-plane technique) or cross the plane of the image, appearing as an echogenic dot (out-of-plane technique). Research suggests that the key to successful outcomes in regional blocks lies in properly visualiz-ing and identifying relevant structures—such as the peripheral nerve, needle tip, local anesthetic, and nearby anatomy—rather than the specific technique used. 

6.4.3   Brachial Plexus Block

6.4.3.1   Anatomy

The brachial plexus arises from the anterior primary rami of the fifth to eighth cervical nerves (C5-C8) and the first thoracic nerve (T1), with occasional contributions from C4 and T2. After exiting 

[image: Image 35]
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Fig. 6.2  Schematic diagram showing formation of Brachial plexus and its branches. (Adapted from www.google.com)

the intervertebral foramina, these nerves pass between the anterior and middle scalene muscles. The plexus is encased within a fascial sheath derived from the prevertebral fascia. 

Within the interscalene space, the nerve roots combine to form three trunks: the superior (C5-C6), middle (C7), and inferior (C8-T1). As they reach the lateral edge of the first rib, each trunk divides into anterior and posterior divisions before continuing into the infraclavicular region. In this area, these divisions reorganize into three cords—lateral, posterior, and medial—named 

based on their position relative to the second part of the axillary artery. At the lateral border of the pectoralis minor muscle, the cords further branch into the peripheral nerves supplying the 

upper extremity (Fig. 6.2) [31]. 

6.4.4   Approaches for Brachial Plexus Block

6.4.4.1   Interscalene  Block

Interscalene block targets the roots/trunks of the brachial plexus. 

The superior and middle trunks are blocked consistently; how-

ever, the inferior trunk (C8-T1) often spared, as it emerges much lower in the neck. Therefore, it can be used for surgeries that involve the distal clavicle, shoulder, and upper arm [32]. For the block, the patient is positioned supine with head turned away 

[image: Image 36]
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Fig. 6.3  Schematic diagram (left) and Sono anatomy (right) of brachial plexus at interscalene level showing typical “traffic light sign.” (ASM Anterior Scalene Muscle; MSM Middle Scalene Muscle; SCM Sternocleidomastoid Muscle; C5 5th Cervical Root; C6 6th Cervical Root)

from the blocked side, and arm by the side of the body in a comfortable position. 

A continuous interscalene brachial plexus block offers a supe-

rior option compared to a single-shot block, as it ensures prolonged pain relief, decreases overall postoperative morphine use, and lowers both dynamic and resting pain scores for up to 48 h, without raising the risk of complications [33]. 

6.4.4.2   Sono  Anatomy

A high frequency linear ultrasound transducer placed in a transverse plane at the C6 vertebral level provides a short-axis view of the brachial plexus. The middle scalene muscle, anterior scalene muscle, sternocleidomastoid muscle, and brachial plexus are 

identified. The sono-anatomy has a “stoplight” appearance of the brachial plexus that refers typically to a monofascicular C5 and bifascicular C6 ventral rami aligned in a parallel fashion from superficial to deep (Fig. 6.3) [34]. An in-plane or out-of-plane approach can be used to advance the needle. Injection of a small volume of normal saline or local anesthetic confirms needle placement in the interscalene groove. A volume of 5–10 mL with an 

observation of spread of the local anesthetic along the roots ensure successful block, with minimal or no diaphragmatic paresis. 

6.4.4.3   Side Effects and Complications

The interscalene block carries risks such as Horner syndrome, 

recurrent laryngeal nerve block, epidural or subarachnoid injection, vertebral artery injection, and pneumothorax. Additionally, 
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there is a potential for transient phrenic nerve block, leading to hemidiaphragmatic paresis. However, this risk can be minimized by administering the interscalene injection lower in the neck (by performing selective upper trunk block) and using a smaller volume and lower concentration of local anesthetic [35]. 

6.4.4.4   Supraclavicular  Block

The supraclavicular block is an effective technique for providing anesthesia and analgesia for the upper limb, making it suitable for surgical procedures, trauma management, chronic upper extremity pain, and vascular insufficiency. The brachial plexus at this level is compact, allowing for a rapid and reliable onset of anesthesia with a relatively small volume of local anesthetic. 

Traditionally, the block has not been considered to be an optimal choice for placement of catheters as mobility of the neck at this location carries a risk for catheter dislodgement. 

6.4.4.5   Sono  Anatomy

For this block, the patient is positioned supine with head turned away from the blocked side, and arm adducted against the body. A high-frequency (15–6 MHz) linear transducer placed just proximal to the supraclavicular fossa to obtain a supraclavicular view. 

The brachial plexus trunks and divisions are visualized clustered over the first rib, postero-lateral to the subclavian artery. The sono-anatomical appearance is often described as resembling a 

cluster or bunch of grapes (Fig. 6.4). Ultrasound guidance aids in identifying key structures, avoiding blood vessels, ensuring the proper distribution of local anesthetic, and recognizing as well as avoiding the pleura. The needle is advanced using an in-plane 

approach from lateral to medial direction. The first rib acts as a barrier to prevent the needle from reaching the pleural dome. 

After negative aspiration, a small test dose of local anesthetic is administered and the spread of the anesthetic around the brachial plexus is observed for correct placement of needle. 

To accelerate the onset, the two-injection technique is 

employed, involving the administration of 10–15  mL of local 
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Fig. 6.4  Schematic diagram (left) and Sono anatomy (right) of brachial plexus at supraclavicular level showing typical “bunch of grapes appearance” 

anesthetic at the “corner pocket” (formed by the subclavian artery, first rib, and brachial plexus) and an additional 10 mL at a more superficial site near the brachial plexus or, less frequently, among the nerves. This targeted approach offers the benefits of a faster onset and an extended duration of action. Alternatively, a single injection of 20–30 mL of local anesthetic at the “corner pocket” is a practical option, especially when the block is primarily intended for postoperative pain relief. This single-injection method is more time-efficient and minimizes needle manipulation. 

6.4.4.6   Side Effects and Complications

Pneumothorax, manifested as cough, dyspnea, or pleuritic chest pain, has been the most common serious complication of a 

supraclavicular block (about a 1% incidence). Although ultra-

sound guidance helps reduce this risk, it does not eliminate it. 

Phrenic nerve blockade is a common occurrence, affecting 

approximately 50% of procedures, though it typically does not 

result in clinically significant symptoms. However, bilateral 

supraclavicular blocks are not advised due to the risk of bilateral pneumothorax or phrenic nerve paralysis. Similarly, patients with chronic obstructive pulmonary disease (COPD) may not be ideal 

candidates for this block [31]. 

[image: Image 38]
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6.4.4.7   Infraclavicular  Block

The infraclavicular approach targets the brachial plexus at the level of the cords providing comprehensive anesthesia/analgesia covering the entire forearm and hand. It is advantageous for its stable catheter placement and minimal need for arm manipulation 

[36]. However, it requires deeper needle placement and careful technique due to the challenging visualization of the needle tip and neurovascular structures. 

6.4.4.8   Sono  Anatomy

The patient can be placed in either a supine or semi-recumbent position. Abducting the arm helps in aligning the neurovascular bundle for easier access. A high-frequency linear probe 

(5–15 MHz) is placed medial to the coracoid process and caudal to the clavicle in a transverse (short-axis) view. The axillary artery and vein can be visualized below the overlying pectoralis major and minor muscles. The lateral, medial, and posterior cords appear as hyperechoic structures with hypoechoic nerve fascicles on 

ultrasound (Fig. 6.5). Typically, the cords are positioned around Fig. 6.5  Sono anatomy of brachial plexus at infraclavicular level showing arrangement of the cord in relation to the axillary artery in the lateral infraclavicular area (left) and medial (costoclavicular space) infraclavicular area (right). (PMM Pectoralis Major Muscle; PMiM Pectoralis Minor Muscle; SCM Subclavius Muscle; MC Medial Cord; LC Lateral Cord; PC Posterior Cord; AV Axillary Vein; AA Axillary Artery)
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the axillary artery, with the posterior cord located at the 6 o’clock position, while the lateral and medial cords are variably situated near the 3 and 9 o’clock positions, respectively [36]. An in-plane approach typically from the lateral side of the probe is used with a 22-gauge, 5-cm needle. The needle is inserted at a steep angle and advanced until the tip is positioned posterior to the axillary artery. Injection of 20–30 mL of local anesthetic would achieve a complete block. The two most well documented injection techniques are the posterior cord injection and a triple-injection technique (LA is administered around each cord of the plexus). While the triple-injection method has a high success rate, it does not offer a significant advantage over the single posterior injection 

approach [37]. 

The costoclavicular approach to the infraclavicular brachial 

plexus block has recently been introduced as a medial (proximal) technique for accessing the cords [38]. In this approach, the bra-

chial plexus lies more superficially compared to the traditional distal infraclavicular method. At this level, the cords are positioned closely together and distinct from the axillary artery, unlike the standard infraclavicular block, where the cords are more variably distributed around the artery and spaced farther apart 

(Fig. 6.5). 

6.4.4.9   Side Effects and Complications

Although pneumothorax is a potential risk with the infraclavicular block, it remains low when proper technique, needle orientation, and guidance are used. Self-limiting side effects commonly associated with the supraclavicular block, such as hoarseness, Horner syndrome, and phrenic nerve paresis, may also occur with the 

infraclavicular block but are less frequent [39]. There is an increased risk of hematoma with conventional approach due to it being deep blocks in non-compressible locations. 

6.4.4.10   Axillary  Block

The axillary block is a widely used technique for providing anesthesia to the upper extremity and is particularly effective for surgeries involving the elbow and distal arm. It has traditionally 
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faced challenges, particularly with the inconsistent blockade of the musculocutaneous nerve. However, the advent of ultrasound 

imaging has significantly improved the efficacy and precision of this block, allowing for better visualization and targeting of the musculocutaneous nerve. 

The continuous axillary brachial plexus block has been suc-

cessfully utilized, though it is not widely practiced. The use of axillary block catheters carries a relatively high risk of local 

inflammation and bacterial colonization [40]. 

6.4.5   Lumbosacral Plexus Block

6.4.5.1   Anatomy

The lumbosacral plexus (Fig. 6.6) is a network of nerves formed by the branches of spinal nerves from L1 to S4, providing motor and sensory functions to the lower limbs and pelvis. It is divided into two main parts: the lumbar plexus (L1-L4) and the sacral 

plexus (L4-S4). The lumbar plexus is located within the psoas 

major muscle and includes important nerves like the femoral 

nerve (L2-L4), which controls the anterior thigh muscles, and the obturator nerve (L2-L4), which controls the medial thigh. The lateral femoral cutaneous nerve (L2-L3) supplies sensation to the outer thigh, while smaller nerves like the iliohypogastric and ilio-inguinal nerves (L1) provide sensation to the groin and lower 

abdomen. 

The sacral plexus, situated on the front of the piriformis muscle, gives rise to the sciatic nerve (L4-S3), the largest nerve in the body, which supplies the posterior thigh and lower leg. Other 

branches include the superior and inferior gluteal nerves (L4-S2), which innervate the gluteal muscles, and the pudendal nerve (S2- 

S4), which controls the muscles of the pelvic floor [41]. 
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Fig. 6.6  Schematic diagram showing formation of Lumbosacral plexus and its branches. (Adapted from www.google.com)

148

S. Mohammed and A. Chouhan

6.4.6   Approaches to Lumbosacral Plexus Block

6.4.6.1   Lumbar Plexus Block

The lumbar plexus block, despite its effectiveness for hip and knee surgeries, has seen reduced adoption due to its complexity and potential complications arising from the deep location near critical structures like the epidural space and lumbar arteries. The lumbar plexus block is primarily used in surgeries involving the hip, femur, and knee. It provides effective analgesia by blocking the nerves supplying the anterior and medial portions of the thigh, as well as the knee joint. Continuous catheter can be placed for prolonged pain relief, often through a continuous lumbar plexus block. This technique involves inserting a catheter into the psoas muscle, providing extended analgesia postoperatively, especially after major hip surgeries [42]. 

6.4.6.2   Sono  Anatomy

The ultrasound-guided lumbar plexus block involves targeting the lumbar plexus, which lies within the psoas major muscle near the L3-L4 vertebral level. Using a curvilinear ultrasound transducer, the key anatomical landmarks include the psoas major, quadratus lumborum, and lumbar vertebrae. The lumbar plexus, containing 

nerves like the femoral and obturator nerves, is located just deep to the psoas major. Care is required due to the proximity of sensitive structures such as the kidneys. Techniques like the Shamrock method is used for better visualization and safer needle placement 

(Fig. 6.7)  [43]. 

6.4.6.3   Side Effects and Complications

Common side effects include local anesthetic toxicity, hematoma formation, and hypotension. More serious complications can 

involve nerve damage, accidental spread to the epidural or subarachnoid space, and infection, particularly with continuous catheter use. There is also a risk of injury to the kidneys or abdominal organs due to their proximity. Proper technique and careful patient selection are crucial to minimize these risks  [42]. 
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Fig. 6.7  Sono anatomy of lumbar plexus block at third Lumbar vertebral level. (EOM External Oblique Muscle; IOM Internal Oblique Muscle; TAM 

Transversus Abdominis Muscle; QL Quadratus Lumborum Muscle; ESP 

Erector Spinae Muscle; TP Transverse Process; L3 Body of 3rd Lumbar Vertebrae; PC Psoas compartment)

6.4.6.4   Femoral Nerve Block

The femoral nerve, the largest terminal branch of the lumbar 

plexus, arises from the posterior division of the ventral rami of the L2-L4 spinal nerves (Fig. 6.6). A femoral nerve block effectively anesthetizes the anterior upper leg and the medial portions of the lower leg. This block is commonly used for pain management or 

surgical anesthesia in procedures involving the upper leg, knee, femoral neck, femur fractures, and surgeries on the medial calf, ankle, or foot. 

After emerging from the lumbar plexus, the femoral nerve 

travels downward in a groove between the psoas and iliacus muscles. At the level of the inguinal ligament, it is positioned approximately 1–2  cm lateral to the femoral artery. As it reaches the inguinal crease, the nerve remains lateral to the femoral artery but 

[image: Image 41]
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may shift closer, sometimes assuming a posterolateral position. 

Beyond this point, it divides into anterior (superficial) and posterior (deep) branches. 

6.4.6.5   Sono  Anatomy

A linear high-frequency transducer (15-5 MHz) is placed trans-

versely over the anterior thigh at the inguinal crease to visualize the underlying structures. On ultrasound, the femoral artery 

appears lateral to the femoral vein, while the iliopsoas muscle is positioned lateral to the femoral artery. The fascia iliaca, covering the iliopsoas muscle, lies deep to both the femoral artery and vein. 

In contrast, the fascia lata is more superficial, positioned above the fascia iliaca and femoral vessels. 

The femoral nerve appears as a hyperechoic (bright) structure 

lateral to the femoral artery, just beneath the fascia iliaca and resting on the iliopsoas muscle (Fig. 6.8). Using either an in-plane or 

out-of-plane approach, a short-beveled 22-gauge needle (5–10 cm) is inserted in a lateral-to-medial direction. The needle is advanced until its tip is positioned beneath the fascia iliaca and lateral to the Fig. 6.8  Sono anatomy of femoral nerve block. (FN Femoral Nerve; FA Femoral Artery; FV Femoral Vein)
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femoral nerve. After confirming negative aspiration, a small volume of local anesthetic is injected to hydrodissect and create a visible separation between the fascia iliaca and the femoral nerve. 

The ultrasound probe is then moved proximally and distally to 

verify the anesthetic’s spread along the femoral nerve. A total of 10–20 mL of local anesthetic is administered in increments, with gentle aspiration between injections, while continuously monitoring the distribution of the anesthetic around the nerve. 

6.4.6.6   Side Effects and Complications

The femoral nerve block is generally regarded as a safe proce-

dure; however, it may cause motor blockade of the hip flexor and knee extensor muscles. This can increase the risk of falls, impede early participation in physical therapy, and potentially delay discharge. The risk of infection with a single-shot femoral nerve block is minimal, though it slightly increases when a catheter is 

used for continuous blockade [43]. 

6.4.6.7   Sciatic Nerve Block

The sciatic nerve block at the popliteal fossa, also referred to as the popliteo-sciatic or popliteal block, is a widely used technique. 

Blocking the sciatic nerve at this site provides a similar distribution of anesthesia as a more proximal block while preserving knee flexion, as the muscles of the thigh remain unaffected. 

The sciatic nerve originates from the convergence of the ven-

tral rami of the L4 to S3 spinal nerves along the posterior aspect of the ischium (Fig. 6.6). Each ventral ramus divides into dorsal and ventral branches, which correspond to the lateral and medial portions of the sciatic nerve, respectively. This lateral-medial organization is maintained along its course, with the lateral fibers eventually giving rise to the common peroneal nerve and the 

medial fibers forming the tibial nerve as the sciatic nerve divides in the distal thigh. 

6.4.6.8   Sono  Anatomy

A high-frequency linear ultrasound transducer is placed trans-

versely at the popliteal crease to identify key structures. The popliteal artery is visualized, with the popliteal vein located just 
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superficial to it, and the tibial nerve positioned just above both vessels. Due to the anisotropy of the nerve, the transducer is tilted slightly to enhance the brightness of the nerve on the ultrasound. 

The transducer is then moved proximally to locate the common 

peroneal nerve, which lies lateral and slightly superficial to the tibial nerve. Sliding the transducer further proximally reveals the bifurcation of the sciatic nerve. On ultrasound, the sciatic nerve appears as a round structure with a distinctive “honeycomb” pattern, characterized by hypoechoic nerve fascicles encased in a hyperechoic perineurium. It is most clearly visualized between the lateral muscle group (short and long heads of the biceps femoris) and the medial muscle group (semimembranosus and semi-

tendinosus) [44]. 

Next, the transducer is moved distally to trace the sciatic nerve as it divides into the common peroneal nerve (laterally) and the tibial nerve (medially) (Fig. 6.9). Regardless of patient position-ing—supine, prone, or lateral decubitus—a 20 to 22-gauge, 10 cm echogenic needle is inserted at the lateral edge of the transducer using an in-plane approach from lateral to medial. The block is targeted just distal to the sciatic nerve bifurcation, where the common peroneal and tibial nerves remain enclosed within a common sheath, separated by a narrow gap. Positioning the needle tip in the subparaneural space between these nerves helps avoid nerve fascicle penetration. This technique facilitates a faster onset of both motor and sensory blockade, ensures better longitudinal 

spread of the local anesthetic, and increases the likelihood of suc-

cess with a single needle pass [45]. 

6.4.6.9   Side Effects and Complications

Although there are very few major problems from popliteal block, motor weakness is a major issue. Poor postoperative rehabilitation and patient falls might result from motor weakness brought on by popliteal block and other lower extremity blocks. The 

inability to dorsiflex the ankle, or foot drop, is the primary motor weakness linked to popliteal block. This results in the foot drag-ging and catching on the ground. 

[image: Image 42]

6  Methods of Analgesia

153

Fig. 6.9  Sono anatomy of sciatic nerve block at popliteal fossa. (TN Tibila Nerve; CPN Common Peroneal Nerve; PA Popliteal Artery; PV Popliteal Vein), Biceps femoris on lateral side

6.5 

 Conclusion

Patient autonomy in pain management is improved by patient- 

controlled analgesia as it allows for precise self-administration of analgesic medications. This improves both pain management and 

patient satisfaction. In a variety of clinical contexts, neuraxial analgesia continues to be a fundamental component of pain management. Technological and methodological developments keep 

improving its safety and effectiveness, offering useful alternatives for the treatment of both acute and chronic pain. For peripheral nerve blocks, a combination of careful technique, basic landmarks, and solid anatomy knowledge are essential for a constant 
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success rate and lowering the risk of complications. These techniques will be further refined by ongoing research and clinical experience, improving patient results and pain alleviation. 
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Abstract

The number of patients who are receiving long-term opioids 

has increased significantly over the last two decades. 

Perioperative management of such patients is often chal-

lenging and requires meticulous planning and multidisci-

plinary approach for successful outcome. It is important to 

take into account the psychological and physical dependence 

as well as associated comorbidities while anesthetizing these 

patients. It is equally essential to ensure that the baseline 

requirements of opioids are met independent of the anes-

thetic technique used. Use of regional blocks and non-opioid 

medications is found to reduce the opioid requirements and 

enhance recovery process. A small number of patients who 

are chronic opioid dependents and abusers may require very 

high doses of opioid medications in the immediate postop-

erative period for effective pain relief. Abrupt withdrawal of opioids in the perioperative period can result in withdrawal 

syndrome and hence must be avoided. This chapter delves 
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into opioid epidemic, opioid dependence, associated comor-

bidities, anesthetic challenges, and perioperative manage-

ment of opioid dependent patients. 
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sia · Non-opioid adjuvants · Regional anesthesia

Key Points

•  Both opioid tolerance and opioid induced hyperalgesia 

are complex neurobiological phenomena involving mul-

tiple cell and tissue signaling pathways. 

•  Perioperative pain management of opioid dependent 

patients is often challenging. 

•  Two fundamental aspects of management in opioid 

dependent patients includes continuing baseline opioid 

requirements and maximizing the use of opioid sparing 

techniques. 

•  The use of regional anesthesia and non-opioid adjuvants 

as opioid sparing techniques must be considered in all 

patients to reduce the requirements of opioids and to pro-

vide effective pain relief. 

•  Multidisciplinary communication, planning, and execu-

tion are the keys to facilitate the best possible outcome in 

opioid dependent patients. 

7.1 

 Introduction

The discovery of opioid medications is considered as an important milestone in the history of medical science, because they possess potent analgesic properties. However, the number of patients who are receiving long-term opioid therapy has increased significantly over the last two decades [1, 2]. This is primarily due to the large number of patients who are diagnosed with chronic pain condi-
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tions and malignancy are prescribed with increasing doses of opioid medications for providing effective pain relief. But, due to their significant addiction properties, a subset of patients develops either psychological or physical dependence and a few turn up being opioid abusers [3]. An increasing number of these patients are now presenting for various surgical procedures. Due to the underlying pathophysiology, opioid dependent patients pose unique challenges in their perioperative management [4, 5]. In this chapter we discuss the global burden of opioid dependence, various terminologies used, associated comorbidities, anesthetic challenges, and comprehensive management of opioid dependent patients. 

7.2 

 Global  Burden

•  In the United States, the prescription of opioids has quadrupled in the last 15 years, leading to 1 out of every 5 patients with chronic nonmalignant pain taking opioid medications. The 

wide use of these drugs has led to an increase in the number of opioid abusers, estimated to be nearly two million at the end of 2020 [6]. According to Combating Drug Addiction commis-sion, over 140 Americans are dying every day from opioid 

overdose [7]. As per the European Drug Report, in Europe in 2014, the average prevalence of high-risk opioid users among 

adults (aged 15–64 years) was estimated at 0.4%, the equiva-

lent of 1.3 million [8, 9]. Similarly, an Australian study found that in 83% of patients with chronic pain and cancer pain, opioids were prescribed by the patients’ general practitioners at the time of referral to a multidisciplinary pain center [10]. A 

national survey conducted in India on individuals aged between 10 and 75  years estimated that nearly 77  lakh people were 

addicted to opioid usage. About 10% of these were intravenous 

(IV) drug abusers with Heroin being the most commonly 

implicated drug. Majority of these abusers were from the states 

of Uttar Pradesh, Punjab, and Haryana [11]. 

•  Most of the opioid enters into the Indian market either from the international network known as the “Golden Crescent” 

(Afghanistan, Pakistan, and Iran) or from the “Golden 

Triangle” (Myanmar, Laos, and Thailand). 

160

G. Biyani and N. R. Tangirala

•  In India, opium poppy cultivation is prohibited under the 

Section 8 of the narcotic drugs and psychotropic substances 

(NDPS) Act 1985, except under a license issued by the Central 

Bureau of Narcotics under Rule 8 of the same act which per-

mits legal cultivation in Madhya Pradesh, Uttar Pradesh, and 

Rajasthan only. 

7.3 

 Definitions

The most common definitions used to define different opioid 

addiction status are briefed in Table 7.1 [1–5]. 

•   Opioid tolerance: Tolerance to opioids is commonly seen in patients taking long-term opioid medications. Patients require increasing doses of opioids to achieve the same response, as 

prolonged exposure to opioids shifts the dose-response curve 

to the right. Hence, to provide adequate pain relief, either an increase in the opioid dosage or switching to another opioid is often required. 

•   Opioid addiction (Psychological dependence): Opioid addiction is a chronic state, characterized by compulsive opioid 

seeking behavior and use, despite knowing its harmful conse-

quences [4]. 

•   Opioid dependence (Physical dependence): Opioid dependence is a state of physical dependence, which occurs due to 

neuro-adaption to a specific opioid, characterized by the withdrawal crisis if the agonist administration is abruptly discontinued [4]. 

•   Opioid Induced Hyperalgesia (OIH): In contrast to opioid tolerance, OIH is a paradoxical phenomenon wherein patients 

treated with opioids demonstrate increased sensitivity to painful stimuli due to induced pronociceptive sensitization within the central nervous system. Patients may report hyperalgesia 

and allodynia, pain at sites distant from the site of insult, and widespread pain which does not respond to increase in the 

dose of opioids. In fact, treatment of OIH necessitates reduc-

tion in opioid dosage. The underlying neurobiological mecha-
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Table 7.1  Definitions of opioid addiction

Opioid tolerance A need for markedly increased amounts of opioids to achieve the desired effect

Markedly diminished effect with continued use of the 

same amount of the opioid

Opioid 

The occurrence of characteristic withdrawal syndrome

withdrawal

Opioid is taken to relieve or avoid withdrawal 

symptoms

Psychological 

The opioid is often taken in larger amounts or over a 

dependence

longer period than was intended

(addiction)

There is a persistent desire or unsuccessful efforts to 

cut down or control opioid use

A great deal of time is spent in activities necessary to 

obtain the opioid, use the substance, or recover from its 

effects

Important social, occupational, or recreational activities 

are given up or reduced because of opioid use

The opioid use is continued despite knowledge of 

having a persistent or recurrent physical or 

psychological problem

Physical 

Along with the psychological dependence, there is 

dependence

evidence of opioid tolerance or withdrawal

Current use of 

It is defined as use of an opioid within the preceding 

opioid substance 12 months (even once)

Harmful use of 

Current use of the opioid, along with scores on world 

opioid

health organization (WHO) alcohol, smoking, 

substance involvement screening test (ASSIST) 

between 4 and 26 (for alcohol, between 11 and 26), and 

experiencing any harmful consequence of opioid use 

within the last 3 months

Opioid Induced 

OIH is a paradoxical phenomenon wherein patients 

Hyperalgesia 

treated with opioids report increased sensitivity to 

(OIH)

painful stimuli and often necessitates reduction in 

opioid dosage

nism is complex and is likely to involve multiple cellular and molecular signaling pathways including glial cell activation, 

N-Methyl-D-Aspartate (NMDA) receptor activation, gluta-

minergic activation, and alterations in opioid intracellular signaling. To establish the diagnosis of OIH, apart from assessing habituation, tolerance, and threshold, the quantitative sensory testing (QST) has yielded positive results [12]. 
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7.4 

 Anesthetic Challenges in an Opioid 

Dependent Patient

7.4.1   Preoperative

•   Difficult IV cannulation: Opioid addicted patients are often difficult to cannulate as they inject themselves at multiple sites resulting in thrombosed and distorted veins. Skin abscesses 

when present also makes cannulation more difficult. 

•   Capacity to consent: If the patient is under the influence of opioid medications and presenting for an emergency surgery, 

taking valid informed consent becomes difficult. 

•   Comorbidities: Due to the chronic use of opioid medications, patients may develop various comorbidities affecting vital 

organs of the body (as mentioned below) and should be care-

fully looked into in the preoperative period:



– Cardiovascular disease: Hypertension, dilated cardiomyop-

athy



– Gastrointestinal disease: Reduced gastrointestinal motility 

resulting in increased risk of aspiration, dysphagia, consti-

pation



– Infectious disease: Hepatitis, human immunodeficiency 

virus infection, sexually transmitted diseases



– Concomitant drug abuse: Alcohol, anxiolytics, benzodiaze-

pines



– Possible coexisting psychiatric disorders: Anxiety, depres-

sion, personality disorders

7.4.2   Intraoperative

•  Patients are likely to be tolerant to the effects of opioids and may need very high dosage of opioid medications in the intraoperative period. 

•  Due to the lack of proven objective pain assessment tool, we need to rely on subjective parameters to assess the requirement of analgesia. 
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7.4.3   Postoperative

•  Both underdosing (resulting in withdrawal) and overdosing 

(resulting in toxicity) are the concerns. It is important to watch out for withdrawal syndrome characterized by tachycardia, 

sweating, tremors, etc. 

•  Assessment of pain can also be challenging due to lack of specific pain scores. When assessing pain in individuals with opioid addiction, it is essential to consider biopsychosocial 

factors. The Pain Medication Questionnaire (PMQ) and the 

Screener and Opioid Assessment for Patients with Pain 

(SOAPP) score showed the strongest agreement [13]. 

•  Opioid tolerant patients express higher resting and dynamic pain scores, and often require higher dosages of opioids. But 

the nursing staff may be unaccustomed to manage such patients 

and may be apprehensive in administering large doses of opi-

oids due to the fear of causing respiratory depression and opioid toxicity. 

•  Patients with opioid abuse and dependence undergoing elec-

tive surgery have increased risk of postoperative morbidity 

and mortality, including surgical site infections, mental dis-

orders, respiratory failure, pneumonia, need for mechanical 

ventilation, myocardial infarction, and gastrointestinal 

events. 

7.5 

 Anesthetic Management of an Opioid-

Dependent Patient

7.5.1   Preoperative

•  As discussed above, both under and overtreatment is prob-

lematic in these patients. Therefore, an individualized and 

meticulous pain management plan must be formulated so as 

to prevent opioid withdrawal syndrome, provide effective 

analgesia, and to ensure continuity of care after discharge 

from the hospital. 

164

G. Biyani and N. R. Tangirala

•  Formulate a plan for intraoperative use of opioid administration including the use of opioid sparing techniques (Multimodal analgesia). 

•  Continue oral opiates as normal: For elective surgery, patients should be instructed to take their usual dose of prescribed opioids on the morning of surgery. 

•  Convert requirement to oral and IV Morphine equivalents 

(Table 7.2). This is essential, as a subset of patients may not be able to take opioid medications orally in the immediate postoperative period either due to the nature of the surgery or for any other cause and warrants parenteral replacement. Equianalgesic tables are commonly used to calculate the equivalent dose of 

an alternative opioid (Table 7.3). However, a word of caution here, as the dosages are based on small studies, single doses, and in healthy opioid-naïve volunteers, they do not reflect the complex and heterogeneous clinical situations [1]. 

•  Patches: The two most commonly used transdermal opioid 

patches are that of Fentanyl and Buprenorphine. Transdermal 

Fentanyl patch should ideally be maintained during the sur-

gery. In case it is removed, a new patch can be applied in the intraoperative period. However, as it takes about 6–12  h to 

re-establish baseline analgesia, an IV infusion of Fentanyl 

should be initiated to maintain plasma concentrations. The 

infusion may then be gradually decreased in rate and eventu-

ally discontinued during this time period. Conversely, the 

efficacy of full opioid agonist like Morphine could be reduced Table 7.2  Oral to parenteral 

Drug

Parenteral Oral

equianalgesic doses of various 

Morphine

1

3

opioids (in mg)

Buprenorphine

0.3

0.4

Codeine

1

2

Hydromorphone 1.5

7.5

Oxycodone

1

2

Oxymorphone

1

10

Tramadol

1

1.2

Meperidine

1

3
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Table 7.3  Oral equianalgesic doses of different opioids to Morphine (in mg) Morphine 1 mg (Reference drug)

7–10 mg Codeine

1 mg Hydrocodone

0.5–0.7 mg Oxycodone

0.25 mg Hydromorphone

0.3 mg Oxymorphone

5–7 mg Tramadol

0.33 mg Methadone

3.3 mg Tapentadol

by the presence of Buprenorphine patch. Therefore, if the 

acute pain episode is anticipated, Buprenorphine patch 

should be discontinued 72 h prior to surgery. Reconversion to 

Buprenorphine therapy can be done prior to or after discharge 

from the hospital. Another important concern about the use of 

transdermal patches in the perioperative period is related to 

the risk of altered absorption depending on the type of sur-

gery, amount of fluids administered and body skin tempera-

ture, as all these factors alter the kinetics of drug absorption from the transdermal patch. Therefore, if a patient is coming 

for major surgery, it is preferable to remove the patch and 

administer equipotent doses of Morphine or other strong opi-

oid agonists. 

7.5.2   Intraoperative

•  Intraoperative requirement of opioids should be guided by 

vital signs (heart rate, arterial blood pressure, degree of pupil-lary dilatation) and most recently by using objective monitor-

ing like electro encephalogram (EEG) and analgesia 

nociception index monitoring if available. 

•  There is no data suggesting the superiority of use of any one specific opioid over the other. However, it is advisable to use IV opioid agonists having strong affinity to Mu opioid receptors such as Fentanyl, Sufentanil, and Morphine. 
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Table 7.4  Commonly used non-opioid adjuvants

Paracetamol

NSAIDs

NMDA receptor antagonists: Ketamine, MgSO4

α—2 agonists: Clonidine, dexmedetomidine

Intravenous lidocaine

Steroids: Dexamethasone

Gabapentinoids: Gabapentin, pregabalin

Abbreviations:   NSAIDs Non-steroidal Anti-Inflammatory Drugs,  NMDA N-Methyl-D-Aspartate, MgSO Magnesium Sulphate

•  Use of Remifentanil is controversial because of possible acute development of tolerance and hyperalgesia. 

•  It is very important to consider and maximize the usage of opioid sparing techniques: Multimodal pain management strate-

gies using nonopioid medications (Table  7.4) and local/

regional anesthetic techniques must be considered as part of 

the opioid sparing techniques in all the patients as it is shown to reduce the opioid requirements, minimizing opioid-related 

side effects, and risks of dependence [14, 15]. 

•  A general outline of perioperative management of an opioid 

dependent patient posted for surgery under general and regional anesthesia is shown in Figs. 7.1 and 7.2 respectively. 

7.5.3   Postoperative

•  Patients warrant frequent bedside visits to know their comfort level and opioid requirements. This demands frequent alterations to their prescription and management plan. 

•  Multidisciplinary communication including pain services, 

physiotherapist, and psychologist is essential for optimizing 

the pain relief. 

•  It is advisable to admit such patients to either high dependency unit (HDU) or to intensive care unit (ICU) for the first 24 h following surgery so as to optimize their pain and opioid requirements. 
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Preoperative Period

Intraoperative Period

Postoperative Period

• Secure good IV access

• Patient may need higher 

doses of opioids 

• PCA Morphine

• Continue basal opioids

• Multimodal analgesia

General

• Multimodal analgesia

• Convert present opioid to

Anesthesia

(Regional analgesia + Non -

oral & IV Morphine

• Admit to ICU/HDU

equivalents

opioid analgesics)

• Consider catheters for 

continuous infusion

Fig. 7.1  General outline of perioperative management of an opioid depen-dant patient posted for surgery under general anesthesia. (Abbreviations: IV 

Intravenous; PCA Patient Controlled Analgesia; ICU Intensive Care Unit; HDU High Dependency Unit)

Preoperative Period

Intraoperative Period

Postoperative Period

• Regional anesthesia for 

somatic pain (e.g: #Humerus)

• Non - opioid adjuvants for

visceral pain (e.g: 

laparoscopic Sx)

• LA: Continuous infusion

Regional

• MMA (RA + Non - opioids)

through catheters

Anesthesia

• Continue basal opioids

for somatic & visceral pain

• Continue basal opioids

(e.g: Laparotomy)

• Multimodal analgesia

• Consider LA infiltration & 

catheters for continuous 

infusion

• +/- Sedation (e.g. 

Dexmedetomidine)

Fig. 7.2  General outline of perioperative management of an opioid depen-dant patient posted for surgery under regional anesthesia. (Abbreviations: Sx Surgery; MMA Multimodal Analgesia; RA Regional Anesthesia; LA Local Anesthetic)

•  Opioid rotation: Switching from one opioid to another is a 

common practice in chronic-pain and cancer-pain manage-

ment and is termed as opioid rotation. It is a useful option in those patients who have developed intolerable side effects or 

inadequate analgesia despite escalating the dose of opioid 

medications. Rotation can lead to both a reduction in side 

effects and an improvement in pain relief, because an individ-
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ual may respond differently to an alternative opioid due to the phenomenon of incomplete cross-tolerance. When undertak-ing opioid rotation, it is recommended to reduce the calculated equianalgesic dose by 30–50% because of the possibility of 

incomplete cross-tolerance. Patients can subsequently use 

additional opioids as required [4]. 

•  When assessing the overall effectiveness of pain relief, it is important to take many other factors into consideration. 

This includes the presence of opioid-related side effects, 

signs of opioid withdrawal, patient expectations and satis-

faction, mood, and levels of physical function (e.g., ability 

to cough, deep breath, and engage in performing physio-

therapy) [7]. 

•  Use of patient-controlled analgesia (PCA) using Morphine is found to be a very useful modality as patients are made in-charge of their own pain control. They often require short lockout intervals, running of a background infusion, and increased demand dosage for adequate pain relief. Two such examples of 

setting up a PCA for a patient dependent on either Morphine or any other opioid medications (e.g., Methadone) is shown in 

Figs. 7.3 and 7.4 respectively. 

•  It has been found that opioid dependent patients use 3–4 times more epidural Morphine and 4–5 times more IV Morphine for 

breakthrough pain relief in the immediate postoperative period to obtain good pain control. Moreover, the duration for which 

postoperative analgesia required in opioid dependent patients 

is about 3–4 times longer when compared to opioid-naïve 

patients. 

•  It is essential that one formulates and communicates a clear plan for onward care of the patient after discharge from the 

hospital. 
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For instance, if a patient is

Convert Morphine oral to IV 

taking 300 mg of sustained

-

equivalents (3:1) = 600/3 = 200


release Morphine BD (i.e 600

mg/24 hr = 8 mg/hr

mg/24 hr)

PCA Set Up

• Background infusion: 8 mg/hr

• Bolus dose (50% of hourly

background infusion): 4 mg

• Lockout interval:5 min

Fig. 7.3  Setting up a PCA in a patient dependent on Morphine. (Abbreviations: PCA Patient Controlled Analgesia; BD Bis in die; IV Intravenous)

[image: Image 49]
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For instance, if a patient 

is taking 100 mg of oral 

Methadone in 24 hrs

Convert oral Methadone 

to oral Morphine (1:3) = 

300 mg

Convert Morphine oral to IV 

equivalents (3:1) = 300/3 = 

100 mg/24 hr 

Reduce 50% in the calculated dose (100/2 = 50 mg)

(due to incomplete cross-tolerance between opioids)

(50 mg/24 hr = 2 mg/hr)

PCA Set Up 

• Background infusion: 2 mg/hr

• Bolus dose (50% of hourly 

background infusion): 1 mg

• Lockout interval: 5 min 

Fig. 7.4  Setting up a PCA in a patient dependent on another opioid (e.g., Methadone). (Abbreviations: PCA Patient Controlled Analgesia; IV Intravenous)
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7.6 

 Drugs  to Be Avoided

•  Opioid antagonists, including Naloxone and Naltrexone, 

should be avoided in opioid dependent patients. 

•  Also, the use of mixed agonist-antagonist type of opioids 

which block the Mu receptors such as Nalbuphine, Butorphanol, 

and Pentazocine should be avoided as they could precipitate 

withdrawal symptoms. 

7.7 

 Multimodal  Analgesia

•  Multimodal analgesia offers a comprehensive approach that 

reduces opioid use by incorporating a combination of medica-

tions and techniques targeting different pain pathways so as to achieve superior pain control with fewer side effects. By integrating the use of pharmacological agents and regional tech-

niques, opioid sparing methods enables faster recovery and 

decreases healthcare cost [6, 16]. This topic is discussed at length in other chapters (“Multimodal Approach to Commonly 

Performed Surgeries” and “Drugs for Acute Pain 

Management”). 

•   Non-opioid adjuvants: The commonly used pharmacological agents to reduce the opioid requirements are summarized in 

Table 7.4. 

•   Paracetamol: Paracetamol possesses moderate analgesic properties. According to 2022 multi society consensus, it should be used as a first line analgesic in the perioperative period unless contraindicated [17]. 

•   Non-steroidal Anti-Inflammatory Drugs (NSAIDs): These drugs act by inhibiting the cyclooxygenase (COX) enzyme 

causing reduction in the synthesis of prostaglandins, thereby 

reducing inflammation and pain. These drugs should be used 

routinely to treat acute perioperative pain unless contraindi-

cated. 

•   NMDA receptor antagonists: There is strong evidence to suggest that glutamate and NMDA receptors play critical role in 
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the development of opioid tolerance and increased pain sensi-

tivity. Hence, treatment with NMDA receptor antagonists such 

as Ketamine and Magnesium Sulphate (MgSO4) may attenuate 

the development of long-term tolerance to the analgesic effects of opiates. Ketamine at a bolus dose of 0.2–0.5  mg/kg, followed by an infusion of 0.1–0.5 mg/kg/h is found to be very 

effective [18, 19]. Similarly, there is data to suggest that MgSO4 when used at a dose of 30–50 mg/kg IV bolus followed 

by 10–20 mg/kg/h infusion is associated with decreased pain 

scores and opioid requirements. 

•   Alpha—2 agonists: Both Clonidine and Dexmedetomidine provide effective α—adrenergic mediated analgesia. Clonidine 

at a dose of 1–2 μg/kg IV and Dexmedetomidine at 0.5–1 μg/

kg IV bolus over 10 min followed by 0.3–0.7 μg/kg/h infusion 

are found to provide good analgesia. 

•   IV Lidocaine: Intravenous administration of Lidocaine is found to be particularly useful in abdominal surgeries like lap-arotomy by virtue of its analgesic, anti-inflammatory, and antihyperalgesic effects. The recommended dose is 1.5  mg/kg 

bolus followed by 1–2 mg/kg/h infusion for 24–48 h. A mini-

mum infusion for 24 h has shown to produce moderate degree 

of analgesia, reduced opioid requirements, and improved 

bowel recovery [20]. 

•   Dexamethasone: Steroids help in reducing the inflammation at the surgical site. Dexamethasone at 4–8  mg IV every eighth 

hourly can be administered in surgeries causing significant 

inflammatory reaction. 

•   Gabapentinoids: These drugs work primarily by modulating the voltage-gated calcium channels. Gabapentin at a dose of 

300–600  mg per orally (PO) every eighth hourly and 

Pregabalin at 75–150  mg PO every 12th hourly are exten-

sively used in the treatment of chronic neuropathic pain con-

ditions [21]. 
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7.7.1   Regional  Anesthesia

•  Regional anesthesia and analgesia are a cornerstone of multimodal analgesia, providing localized pain control by blocking 

nerve conduction from the surgical site. 

•  This technique significantly reduces the need of systemic opioids and enhances recovery. Other advantages include targeted 

and prolonged pain relief and decreased body’s stress response to surgical stimulation. Hence, opioid dependent patients 

should be offered regional anesthesia or analgesia, particularly for procedures performed on the extremities [22, 23]. 

•  Different regional techniques which can be performed 

include neuraxial blocks, peripheral nerve/plexus block, and 

local tissue infiltration. Insertion of perineural and fascial plane catheter to provide extended duration of analgesia 

should be strongly considered on case-to-case basis. This 

topic is discussed at length in another chapter (“Methods of 

Analgesia”). 

7.8 

 Future  Directives

•  The laws related to opioid cultivation and transport must be made most stringent. 

•  The prescription of opioid medications must be streamlined 

and tapering of the dose or stopping it altogether must be considered on case-to-case basis. 

•  Creating a centralized database system for individualized drug prescription and having a one pharmacy one user agreement in 

which a person can get the prescribed opioid medication only 

from the authorized pharmacy should help in strengthening the 

rules. 

•  There is an urgent need to validate a specific pain measurement scale so as to assess the severity of pain in opioid dependent patients as well as to maintain uniformity in data 

collection. 
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•  There is also a need to conduct well-designed prospective randomized controlled trials focusing on the use of specific pain management strategies and their effect on pain relief and 

patient satisfaction. Moreover, studies should also focus on the long-term patient outcomes measured using quality of life and 

functionality. 

•  The future research should also be directed towards discovering an opioid having least addictive properties. 

7.9 

 Conclusion

There is significant surge in the number of opioid dependent 

patients coming for various surgical procedures. Though we are now heading towards opioid-sparing strategies, the responsibility of providing a holistic care to opioid dependent patients is also bestowed upon us. As anesthesiologists, we use opioids on daily basis and hence play a centric role in looking after these subset of patients as we understand the unique underlying pathophysiology better. While anesthetizing these patients, one needs to address the associated comorbidities, note down the type and dose of opioid used on daily basis, and calculate the parenteral Morphine equivalents and formulate a patient centric management plan, as they all play a key role in successful outcome. Ensuring usual opioid intake on the day of surgery, use of multimodal analgesia, and prescribing Morphine PCA in the immediate postoperative 

period help in providing effective pain relief and improved patient satisfaction. 
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Abstract

Acute Pain Management Services (APMS), the concept dating 

back to the 1980s, has witnessed major developments over the 

last four decades. Initially, APMS was centred around the man-

agement of postoperative pain in patients with pain catheters or patient-controlled analgesia. However, in the present era, APMS 

caters to a wide array of patients which not only include the 

inpatient postsurgical patient subset but also those with acute or acute on chronic medical conditions such as pancreatitis and 

post-hospital discharge patients who still require pain relief. 

APMS comprises a multidisciplinary team that works together 

to manage various aspects of pain while aiming for improved 

patient outcomes. Various models of APMS have been described 

considering the limitations concerning manpower, finances, and infrastructure wherein every institution formulates a team best suited to its organizational structure and design. Having said that, with the ever- compounding complexity of the patient proN. Choudhary (*) 
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file, there happens to be an ongoing transition from APMS to 

Transitional Pain Services (TPS) which is more patient-centric with his increasing involvement in the contextual decision-making. Nonetheless, it is only possible in the backdrop of a thorough preoperative evaluation and history taking, that enables 

TPS to identify patients who are particularly at high risk of 

Chronic Postsurgical Pain (CPSP). The former indeed aids in 

conforming pain protocols to the specific needs and require-

ments of a patient. Despite all the benefits of APMS, its’ role in improved patient outcomes is not recognised by insurance companies which regulate the diagnosis-based reimbursement rather than outcome dependency. The role of APMS/TPS is not limited 

to pain scores but it has a special place in Enhanced Recovery After Surgery, where adequate pain management features as a 

key component for successful implementation. However, it 

remains to be said that while evaluating the role of APMS/TPS 

in patient outcomes, it is time we embrace advanced tools, ahead of limiting our focus on traditional pain scoring systems. 

Keywords

Acute pain management services · Chronic postsurgical pain · 

Patient-centric · Perioperative period · Transitional pain services

Key Points

•  Acute Pain Management Services (APMS) began in 

mid-1980s for attending to the analgesic requirements of 

high-risk patients undergoing major surgeries. 

•  In 1990s, the Royal College of Surgeons and the College 

of Anaesthetists recommended APMS to be a part of the 

academic curriculum in all major hospitals performing 

surgeries in the United Kingdom. 

•  APMS team is usually led by anaesthesiologists and 

other team members include surgeons, ward nurses, psy-

chiatrists, psychologists, physiotherapists, and pharma-

cists. 
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•  The APMS pathway include patient assessment, inter-

vention (pain procedure performed), documentation (the 

procedure performed, drug administered, any procedure/

patient related side effects, follow-ups), patient educa-

tion, and audits, backed by a critical evaluation. 

•  Now APMS is not limited to inpatient postoperative pain 

management but includes pain arising from acute and 

acute on chronic medical illnesses such as pancreatitis, 

sickle cell disease, and acute exacerbation of conditions 

like inflammatory bowel disease, etc. 

•  The goal of APMS is to eliminate or reduce pain signifi-

cantly while ensuring minimal side effects from the drug 

or intervention performed on the patient. 

•  APMS can have different structural organization like 

European model, low-cost Sweden modeletc. 

•  APMS is now getting replaced by Transitional pain ser-

vices (TPS) as the role has extended beyond acute post-

operative pain management to pain management due to 

various acute and acute on chronic medical illnesses. 

•  APMS is patient centric and in the growing era of shared 

decision-making various approaches have been devel-

oped to aid patients in taking an active role in decision 

making. Some of these include ‘Seek, Help, Assess, 

Reach and Evaluate’(SHARE); ‘MAking Good deci-

sions In Collaboration’(MAGIC); ‘Benefits, Risks, 

Alternatives, and doing Nothing’(BRAN); ‘the Multifo-

cal APProach to sharing IN Shared-Decision Making’ 

(MAPPIN’SDM), etc. 

8.1 

 Introduction

Acute pain management services (APMS) constitute a team of 

dedicated healthcare personnel involved in the assessment, 

monitoring, and treatment of pain as well as the management of the side effects associated with pain medications on a 24-h 

basis [1]. 
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APMS commenced in the mid-1980s and came up with the 

definitive idea that a dedicated team of health professionals is required for regular and timed assessment of patients with a pre-defined goal of ensuring adequate pain relief which included writ-ten protocols and continued education of the health care 

professional involved in the team [2–4]. In the early 1990s, the Royal College of Surgeons and the College of Anaesthetists 

worked in unison on postoperative pain management and recom-

mended that APMS should be introduced as a part of the aca-

demic curriculum in all major hospitals that are performing 

surgeries in the United Kingdom [5]. Over a period of time, APMS began to project the need for its organizational structuring as a crucial step towards achieving better inpatient pain management rather than diverting the entire focus on better drugs and 

their techniques of administration to the patient [6, 7]. 

Anaesthesiologists are usually the lead physicians working 

together as a team with other medical and surgical disciplines in managing perioperative pain. Anaesthesiologists play a pivotal role in decision making on multiple aspects of pain man-

agement such as the modality of pain relief, choice of analgesics, management of analgesics or procedure-related adverse effects, and, most importantly concern regarding patient safety during 

the perioperative period [8]. The APMS pathway herein ought to include patient assessment, intervention (pain procedure performed), documentation (the procedure performed, drug admin-

istered, any procedure/patient related side effects, follow-ups), patient education, and audits, backed by a critical evaluation. 

APMS, however, is not just limited to inpatient postoperative 

pain management, rather it’s a complex medical service 

involved in acute pain management in all inpatients following 

surgery, pain arising from acute and acute on chronic medical 

illnesses such as pancreatitis, sickle cell disease, and acute exacerbation of conditions like inflammatory bowel disease, 

etc. [9]. Therefore, the importance of refined understanding of the core concepts of APMS cannot be overemphasized given 

the multifaceted needs of pain management in the current times 

(Fig. 8.1). 

[image: Image 51]
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Fig. 8.1  An illustration highlighting the multifaceted attributes of APMS in the current scenario

8.2 

 Why Do We Need APMS? 

Adequate management of acute postoperative pain is the funda-

mental right and therefore it is an essential component of a holistic approach towards patient management, in general. Pain relief ensures better patient outcomes with resultant early mobilization, reduced hospital costs, low opioid requirements, decreased length of hospital stay, and better patient satisfaction [10]. The goal of acute pain management is to eliminate or reduce pain significantly while ensuring minimal side effects from the drug or intervention 

performed on the patient [10]. Despite knowing the numerous benefits of appropriately addressed postsurgical pain, healthcare might not always be able to provide adequate pain relief to the majority of its patients. There happen to be various shortcomings in the healthcare sector which can potentially result in inadequate 
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pain relief in postsurgical patients which is then at the root of the realization of the need for setting up APMS in the healthcare system. To cite, some of the major reasons for insufficient postoperative pain management, include [11]:

1.  Physicians lack the necessary training in the management of acute postoperative pain, the newer techniques, and drugs, for that matter. 

2.  Shortage of experienced paramedical staff. 

3. Lack of advanced equipment like patient control analgesia 

pumps in the hospitals. 

4.  Non-availability of dedicated physicians for prescribing pain medicines as and when required by the paramedical staff, i.e. 

non-availability during night and on holidays. 

5.  The nursing staff did not have the authority to dispense drugs. 

6.  Managing patients with catheters for pain relief requires additional manpower and expertise. 

7.  Lack of knowledge to the patients and their caretakers regarding the need for adequate pain relief. 

8.  Lack of sensitization by the hospital administration. 

9.  Surgical colleagues fail to appreciate the role of adequate pain control in improved patient outcomes and satisfaction. 

The aforementioned reasons generated the need for the devel-

opment of APMS to ensure pain relief for postsurgical patients. 

In 1988, Ready et al. [2] published an article wherein they proposed the concept of APMS to overcome these hindrances in 

better postoperative pain management. This new concept was a 

breakthrough in pain management which was exciting and was 

considered as a viable new opportunity. However, a fundamen-

tally similar concept was also introduced parallelly at Kiel 

University Hospital and the US Command Hospital in the year 

1985 [3, 12]. It was with time, that many institutions started APMS in their organizations tailored to their individual needs, resources, manpower, and financial support. Making local protocols that suit an organizational need can be especially helpful, in this regard. 
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8.3 

 Various Models for APMS

As discussed, APMS was initially started to foster postoperative pain services to patients undergoing major surgeries or to high-risk patients wherein pain management had a significant role in patient outcome. These patients either had an indwelling pain 

catheter like an epidural catheter or they were being managed 

with patient-controlled analgesia. Ready et al., in 1988, proposed that an APMS team should consist of multi-professional healthcare professionals: surgeons, anaesthesiologists, ward nurses, psychiatrists, psychologists, physiotherapists, and pharmacists. 

This model requires a lot of manpower which adds to the financial burden and the complexity of functioning [2]. At the majority of healthcare institutions, formulating such an extensive team of multi-professional and multidisciplinary personnel remained 

unrealistic. Therefore, different models were developed to simplify the complex organizational structure such that more patients can benefit from using limited manpower. 

Hence, there remains an inherent need for a successful APMS 

model to be simple and cost-effective. The APMS team should 

comprise highly motivated and enthusiastic healthcare personnel with diversely proficient skills [8]. Given these facts, a more sim-plified model i.e. the European model was suggested which con-

sisted of a junior anaesthesiologist who was supervised by a 

senior anaesthesiologist [13,  14]. This model not only required less manpower but also provided a unique opportunity for the 

training residents wherein they get to be posted under the APMS 

team and learn the practical tips and tricks of postoperative pain management [2, 13]. 

Another model called the low-cost model was first introduced 

in Orebro, Sweden in 1991, which emphasized considering a spe-

cialist nurse as the principal workforce, to be supervised by a trained experienced anaesthesiologist. The specialist nurse would address all patients of varying age groups (paediatric to geriatric patients), take ward rounds, and then address the issues to the senior anaesthesiologist. This system worked on following standard protocols for pain management which were jointly devel-
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oped by the team comprising of anaesthesiologists, surgeons, and the ward nurse. The specialist nurse is expected to facilitate the implementation of pain policies (assessment, documentation), 

coordinate teaching programs for ward nurses, and discuss special cases or patients who could not be managed on the lines of standard guidelines or any complication that required urgent intervention by a senior physician [7]. 

Of special note, the development of an APMS team requires 

administrative as well as financial support from both the department and the institution. APMS must be individualized based on the available resources and manpower. The third dimension of 

reimbursement of these services by the insurance companies is 

again very debatable and these further add to the financial burden levied on the institutes for starting such services, not to undermine the scarcity of resources at hand. Therefore, in the current real-world scenario, such services, especially in the most appropriate model, are feasible to start and manage only in major hospitals 

and academic institutes [15]. 

8.4 

 Components  of APMS

APMS is a multidisciplinary team with different roles assigned to different team members. APMS model may vary because of different healthcare systems, hospital infrastructure and size, surgi-

cal spectrum, and lastly financial constraints [13, 16]. Minimal 

standards and consensus on adequate staffing are the key to high-quality APMS [17]. High-quality APMS is the result of a dedicated team that utilizes the given resources optimally with close interdisciplinary collaboration with other disciplines [18]. 

However, it’s important to know the various components of APMS 

so that the tasks can be efficiently assigned and reassigned to different team members depending on the model and the require-

ments of the individual setup. Table 8.1 outlines the components and the roles and responsibilities of an APMS team. 

APMS are patient-centric services, therefore clear commu-

nication between the patient and physician in-charge plays pivotal role in successful delivery of these services. APMS have 
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Table 8.1  Elements of the APMS team: the roles and responsibilities [6]

Components Roles and responsibilities

Manpower/

At least one physician be available 24 h, with dedicated 

staff

responsibility for managing the patients

Senior consultant for supervision and to address complex 

issues

Specialist nursing officer trained in assessment, 

management, documentation, and communication

Training anaesthetists based on the model of APMS 

followed at the institute may or may not be part of the team

Additional 

Other medical specialties such as surgeons, psychiatrists, 

staff

psychologists, physiotherapists, and pharmacists

Developing new pain protocols after taking the team’s 

input and a thorough discussion

Implementation of pain protocols inwards by the nurses

Achievement of the rehabilitation goals wherein adequate 

pain relief has a key role to play

Teaching-

Teaching programs for the staff physicians, training 

training

residents, ward nurses, and other members of the APMS 

team

Communication with patients to make them an active 

member of the team

Teaching patients and their family members, hospital 

administrators, and health insurance carriers

Learning about newer techniques and drugs available for 

pain management

Learning new pain protocols and enforcement regimes

Research (as applicable)

Quality 

Regular data collection and periodic audits to study the 

assessment 

feedback on the existing pain protocols

and feedback Quality check of equipment to avoid any mishap

Addressing economic concerns and devising new policies 

which would be more cost-resource friendly

Assessment of patient-related outcomes by using more 

comprehensive tools

Analysing the advantages and disadvantages of various 

analgesic modalities to refine the existing pain strategies

Updating the current protocols based on the newer 

evidences and feedbacks

Proper documentation of patient assessment as well as 

consultation notes
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specific roles and responsibilities towards the patients that 

should be carried out by the designated team for better patient outcomes. Table 8.2 describes the patient-targeted roles of the APMS team. 

Table 8.2  APMS: The roles and actions towards patients [6]

Role and 

responsibility 

towards patient

Actions required

Preoperative 

Provide comprehensive information regarding various 

patient education

pain management techniques with their associated 

side effects

Counsel the patient regarding the expected outcomes 

from various pain management modalities

Educate the patient about various methods of pain 

assessment

Apprise patients regarding their role in decision 

making

Postoperative pain  APS rounds should be twice a day

assessment

Pain scores should be charted at timed intervals

Side-effects or adverse events should be documented 

and reported

Pain-related interference in daily activities should be 

addressed and managed accordingly

Analgesic requirement should be individualised 

taking into account the functional outcomes

Assess failed technique of pain management in terms 

of probable causes, and trouble-shooting techniques

Treatment 

Consider patient needs and preferences before 

adaptation

deciding pain management protocol

Discuss and involve the patient in planning execution 

of pain management protocol

Modify the existing treatment plan based on 

individual patient requirements

Reevaluate the modifications in the existing treatment 

plan and its impact on patient outcomes

Involve other medical specialties in inpatient pain 

treatment

Check out

Stop or deescalate the opioids on time based on 

patient assessment
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8.5 

 Benefits  of APMS

APMS was initiated to improve patient outcomes undergoing sur-

gery with better patient satisfaction. Therefore, routine audits and analysis of the patient’s feedback are important for refining the services to make them more suitable for the majority of patients. 

Some studies have shown that APMS was successful in decreas-

ing pain scores with reduced incidence of opioid-related side 

effects [17, 18]. APMS with a trained professional team was able to quickly formulate patient-specific treatment guidelines for pain management [19]. It becomes difficult to study the role of APMS 

in decreasing the length of hospital stay, morbidity, mortality, and health expenditure, and ensuring patient satisfaction, as these are multifactorial [17]. APMS has been shown to decrease the postoperative opioid requirement by >50%, with early mobilization and oral feeding [18]. APMS has allowed the management of complex analgesic techniques such as thoracic epidural catheters which were previously managed in intensive care units to be now managed in wards. This has allowed a greater number of patients to benefit from such sophisticated analgesia techniques which was previously limited to very small number of patients. APMS has 

decreased the incidence of drug-related side effects such as nausea, vomiting, dizziness, and itching. Psychological components of postsurgical pain like pain-related anxiety, pain-related fear, and pain-related helplessness were less in patients managed by APMS. Patients managed by APMS experience lower pain scores 

and when required the APMS team acted immediately to ensure 

adequate analgesia for breakthrough pain [20]. However, it is important to emphasize that the mere existence of APMS does not ensure these benefits, it is team dynamics between the various disciplines along with a multimodal approach to pain management including regional anaesthesia techniques, opioids and nonopioid analgesics, co-analgesics, and other non-pharmacological techniques which ensures faster recovery with better patient out-

comes [6]. 
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8.6 

 Role of Shared Decision Making in APMS

The approach towards patient management has witnessed a great 

change over the past decades. In the present times, patients are epicentre of any decision-making pertaining to one’s health con-

dition [21]. This concept was proposed by Cathy Charles in 1997 

and since then there has been a paradigm shift wherein patients are educated about the health conditions so that they can exercise the right to autonomy and be a part of the shared decision making (SDM) [22]. The present guidelines on APMS do not give clear directives on how to involve patients in SDM though they do 

emphasise on making it a patient-centric service wherein patients’ 

needs, experience, and expectations are always taken into consideration [23]. 

There is growing evidence on the role of SDM in APMS and 

various structured approaches have been developed for this purpose such as ‘Seek, Help, Assess, Reach and Evaluate’(SHARE); 

‘MAking Good decisions In Collaboration’(MAGIC); ‘Benefits, 

Risks, Alternatives, and doing Nothing’(BRAN); ‘the Multifocal APProach to sharing IN Shared-Decision Making’ 

(MAPPIN’SDM), etc. These decision-making aids help in better 

involvement of patients in taking a shared decision along with physicians by overcoming organizational barriers and distant 

decision-making (post hospital discharge) [24]. 

8.7 

 Era of Perioperative and Transitional Pain 

Services

In the present context, APMS is not limited to the traditional management of acute postsurgical pain. It now encompasses a wide 

spectrum of medical conditions including inpatients with comorbidities requiring intervention for adequate pain relief such as sickle cell disease, pancreatitis, etc. [25]. The concept of APMS 

originated with the idea of postoperative pain management. But in the present era, this concept has evolved and is now considered as perioperative pain management which begins by educating the 
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patients regarding the need for pain relief, the modalities available with their benefits, and associated side effects. The patient is well educated here to be involved in the decision making which allows for greater patient satisfaction [9]. Preoperative assessment of patients allows for early identification of patients who are at high risk of developing severe acute, subacute as well as chronic postsurgical pain (CPSP). Patients with preexisting chronic pain syndrome, chronic opioid dependency, substance abuse, and physical and/or psychological comorbidity benefit from tailored pain management protocols using multimodal analgesia techniques and the involvement of other disciplines for better perioperative management [26]. Patients on substance abuse can be screened for compliance with prescribed medications, opioid withdrawal for 

decreasing the likelihood of hyperalgesia, and timed intervention by other disciplines like psychiatrists to aid in better pain manage-

ment [27]. 

While APMS decreases the length of hospital stay, the APMS 

team must extend its services during the post-discharge period for a specific subset of patients who specifically require it. APMS 

expansion includes postoperative follow-up of patients on com-

plicated pain management and those on prolonged opioid analge-

sia for prevention or treatment of CPSP [28]. The transition from APMS to Transitional Pain Service (TPS) allows continuity of 

care in the postoperative period by following the patient’s post-discharge with analgesic requirements or those who are at risk for the development of CPSP [11]. 

8.8 

 Future  Vision

TPS is the cornerstone of Perioperative Surgical Home (PSH). 

The American Society of Anaesthesiologists endorses the concept of PSH for providing a cost-effective healthcare system. PSH is a patient-centric, physician-directed, multidisciplinary team 

approach that guides patients during the entire perioperative 

period. The patient is educated and involved in decision-making from the preoperative period till 30  days post-surgery. Another important component that is of special concern is the fast-track 
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component in pain management protocols. In the present era of 

Enhanced Recovery After Surgery (ERAS), adequate pain control 

plays a pivotal role in its successful implementation. Guidelines should also here focus on inculcating the drugs and techniques that aid in early discharge and pain is one major reason for prolonged hospital stay and readmissions in the healthcare sector. 

APMS must feature as an important component for the successful functioning of ERAS, as efficacious pain control is very important for early mobilization which subsequently results in early hospital discharge [29]. 

Sufficient pain control is the fundamental right of every human being. The idea behind APMS is not revenue generation, rather it aims at cost-saving [26]. APMS forms one of the pillars of major multimodal rehabilitation protocols by providing good analgesia, decreasing opioid consumption, and early return to daily activities. A surgery should not be considered successful solely on the surgical outcomes such as the absence of perioperative surgical complications. Patient patient-centric approach should be considered wherein factors such as early ambulation, early oral feeding, lack of surgical complications, patient satisfaction, early return to daily activities, and the impact on the quality of life should also be taken into account [26]. 

Although APMS has been there for almost 40 years, its role in 

the healthcare sector is still not validated as a service by the health insurance companies. The reimbursements are directed based on 

diagnosis and the patient outcomes are still not taken into account by insurance companies. The surgeons have appreciated the role of APMS in the rapid turnover of patients, with early discharge. 

However, to gain maximum benefit from such services it’s important to work as a multidisciplinary team approach [30]. 

Now the time has come that APMS should be considered a 

strong and definitive part of any healthcare system. APMS should be structured with a multidisciplinary team approach and utilizing the best available resources in the given institution. Its role is not limited to pain management but it has a significant role in shaping surgical outcomes. APMS helps by managing the complex pathophysiological changes following surgery by designing more com-

prehensive management protocols using the help of more complex 
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assessment tools and techniques [31]. The pain assessment has expanded beyond the pain scores and multiple parameters focus-sing on the overall patient outcome is the new dictum. It is time to finally define high quality in the setting of perioperative care. 

8.9 

 Conclusion

With the advent of APMS, postsurgical pain management has 

taken a completely different outlook. The benefits of adequate pain relief on patient outcomes have proven time and again which not only helped in the growth but also allowed these services to get their due credit in improved patient outcomes. However, in today’s time, APMS is not limited to the postoperative period but it has expanded its scope to perioperative management and its 

importance in patient-centric management protocols. TPS is an 

example of a comprehensive approach that takes into account the preoperative as well as the postoperative pain management which in some patients extends even in the post-discharge period. The challenge in the future will be to define and implement generally accepted standards for organizational structures (e.g. qualified personnel), validated and agreed-on measures of patient-reported outcome measures, and continuous quality control. 
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Abstract

Pain is ubiquitous and difficult to treat and similar approach to pain management in all patients may not be justified. With 

knowledge of Pharmacogenomics, clinicians can develop an 

individualized pain management strategy. The majority of 

genetic variation occurs at the level of enzymes involved in 

drug metabolism which leads to differences in pain perception 

and drug efficacy. Patient specific genome testing may offer a comprehensive and personalized treatment. 
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Key Points

1.  Genetic polymorphism seems to impact pain sensitivity. 

2.  Majority of gene variation occur at the level of enzymes 

involved in drug metabolism. 

3.  Variations in individual pain threshold, opioid consump-

tion, side effects of drugs can be explained and treated 

better with the knowledge of genetic polymorphism. 

4.  Knowledge of genetic polymorphism paves the way to 

precision medicine in the field of pain medicine. 

9.1 

 Introduction

Pain not just leads to individual suffering, it adversely affects activity, and functioning of hospitals and ultimately increases overall healthcare resource consumption [1]. Underlying genetic polymorphism may explain about 20–95% of the variations in 

drug responses demonstrated by individuals [2]. One of the 

important challenges in delivering satisfactory analgesia is 

interindividual variability due to difference in genes responsible for pain reporting, susceptibility, and pain sensitivity [1]. 

Genetic polymorphism may be found in various pathways 

including dopaminergic, catecholaminergic, opioid metabo-

lisms, and various inflammatory pathways. New analgesic drug 

research may target on identification of pain phenotypes associ-

ated with single gene defects [3, 4]. Knowledge of genetic influence on normal and pathological pain processing would improve 

the neurobiological understanding of pain perception in both 

acute and chronic pain [4]. Moreover, pharmacodynamic and pharmacokinetic disparities occur due to gene polymorphisms 

associated with receptors molecules, transporter and metabolizing enzymes [5]. 
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9.2 

 Definitions

Below we have discussed a few common terminologies which are 

often used while describing the pain polymorphism and knowing 

these helps in better understanding of the pathophysiology 

involved in genetic mutation. 

•   Pain gene: A pain gene is a gene for which one or more polymorphisms affect the expression or the functioning of its 

protein product eventually leading to alteration of pain 

response [1]. 

•   Pharmacogenomics: The study of how genes influence an individual person’s response to a medication. 

•   Phenotype: Clinical characteristics of an individual with a particular genotype. 

•   Polymorphism: A variation in a gene, deoxyribonucleic acid sequence, or chromosome. 

9.3 

 Role of Ion Channels in Pain Modulation

The human genome contains over 400 channel genes. Ion chan-

nels are located in primary sensory neuron and play a crucial role in pain processing. Calcium, sodium, transient receptor potential (TRP), PIEZO, and purinergic P2X3 channels are mainly involved in pathogenesis of pain and are regarded as major class of drug targets for pain modulation [6–8]. Recent studies have demonstrated that abnormal expression of voltage-dependent ion channels plays important role in central and peripheral sensitivity, as well as in neuroplastic changes in pain, and inhibition of these ion channels could inhibit central and peripheral sensitization to alleviate pain responses [9]. 

Any noxious stimuli like a tissue injury are perceived by voltage-gated ion channels and this leads to changes in the biophysical properties, density, and distribution of the ion channels [10]. 

The pattern of changes in the ion channels depends on various 

factors including (i) age, (ii) sex, (iii) type of injury (neuropathic 
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or inflammatory), (iv) duration after injury (i.e., acute or chronic), and (v) site of injury (i.e., somatic or visceral). Pain perception is associated with an increase in inward current of sodium and calcium channels and/or a decrease in outward current of potassium channels [10]. 

Neuron excitability after injury is perceived by ion channel, 

and as a result it affects the pain sensation. Sodium channels (Nav) have been the most widely distributed and most investigated and so far, nine such channel subtypes have been identified. 

Among them, Nav1.3, Nav1.7, Nav1.8, and Nav1.9 are primarily 

found in sensory nerves [1]. 

Alteration in N-type voltage-gated calcium channel (VGCC) 

contributes significantly to the transmission of pain signals in dorsal root ganglion (DRG). VGCC controls neurotransmitter release at nociceptive nerve fibers and modulates synaptic plasticity at the first synapse of the nociceptive pathways. In response to a noxious stimulation or nerve injury, VGCC opens, resulting in Ca2+ 

influx which activates protein kinase, resulting in development of pain. Calcium channel modulators inhibit Ca2+ influx and thereby reducing the abnormal excitation of pain transduction pathways to achieve pain relief [9]. 

The P2X3 channels which belong to the ligand-gated ion chan-

nel family are also important in pain processing. There are seven receptor subtypes named P2X1-P2X7 and are activated by extracellular ATP [8]. 

9.3.1   Acid Sensing Ion Channels (ASICs)

Injury and inflammation are associated with tissue acidosis and is a significant cause of pain. ASICs are activated during inflammation and acidosis (extracellular pH < 6). ASIC3 is most common type available in humans and probably has an important role in hyperalgesia and allodynia in inflammatory conditions [8]. 
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9.4 

 Pain Polymorphism and Opioids

Opioids are the most widely used analgesic. Gene polymor-

phism may lead to wide variations in individual sensitivity to opioids and thereby clinical adverse effects. Pharmacokinetic 

and pharmacodynamic effects of opioids can be directly modu-

lated by human genetic variations and polymorphisms of drug 

transporters molecules, enzymes involved in drug metabolism or opioid receptors. The human μ opioid peptide receptor molecule (OPRM1) gene has more than 100 polymorphisms. CYP2D6 

gene polymorphism is the most significant polymorphism affect-

ing opioid therapy. Others include A118G polymorphism, func-

tional SNP (rs563649) located within OPRM1 isoform 

(MOR-1K). OPRM1 affects opiate sensitivity, tolerance, and 

dependence [11]. Figure 9.1 shows the correlation of different pain condition, their treatment modalities and gene polymorphism associated with them. The commonly reported genetic 

mutations and their effect on metabolism of commonly used 

analgesic medications is discussed below. 

Fibromyalgia

COMT-Val15Met

NaV1.7

Chronic low back pain

GABRB3

OPMR1-A118G

NSAIDS

COMT-rs4680

CYP2C9

COMT-rs165656,rs4633

OPRM1 -rs589046

neuropathy 

Nav 1.7

CYP1A2

Opiods

Amitriptyline

CYP3A4

CYP2C19

Fig. 9.1  Correlation of different pain conditions and their treatment with gene polymorphism
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9.5 

 CYP450 2D6 Genotyping

Knowledge of patient’s CYP2D6 phenotype can help physician in 

selecting most appropriate medication and decide on dose adjustment, thereby reducing its side effects. The CYP2D6 enzyme is 

responsible for metabolism of approximately 25% of drugs and 

demonstrates unique genetic polymorphisms that affect drug 

metabolism [2]. 

Codeine exerts its analgesic property occurs via conversion to Morphine and Morphine-6-glucoronide by CYP2D6. Poor metabolizer of CYP2D6 phenotype will have lower plasma Morphine 

levels, thereby achieving lesser analgesia compared to those who 

are rapid metabolizer (Fig. 9.2). Tramadol is also metabolized via CYP2D6 to O-desmethyltramadol which provides analgesia and 

hence poor metabolizer of CYP2D6 may tend to exhibit inade-

quate analgesic effects from Tramadol [5]. 

Codein 

CYP2D6

5-15%

Morphine 

Norcodeine 

UGT2B7,UGT1A1

UGT2B7

Morphine-3-

glucuronide

50-70& 

UGT2B7,UGT1A1

Codeine-6-glucuronide 

Morphine-6-

glucuronide

Normorphine 

Fig. 9.2  Pathway of codeine metabolism
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9.5.1   CYP3A4  and Fentanyl

CYP3A4 polymorphisms is related to analgesic efficacy of 

Fentanyl. MDR1/CYP3A4/OPRM1 gene polymorphisms may 

influence Fentanyl consumption and thereby affect its analgesic property [5]. 

9.5.2   UGT2B7  and Fentanyl

Uridine diphosphate-glucuronyltransferase-2B7 (UGT2B7) 

which is an Isozyme of UDP-glucuronosyltransferases, is involved in the metabolism of Fentanyl and the polymorphism of this gene may alter the pharmacokinetics and thereby clinical effects of Fentanyl [5]. 

9.5.3   ABCB1  and Fentanyl

Fentanyl is also a possible substrate of P-glycoprotein which is encoded by adenosine triphosphate binding cassette subfamily B 

member 1 (ABCB1). Genetic polymorphisms in ABCB1 may 

affect Fentanyl metabolism. A single-nucleotide polymorphisms 

in ABCB1 was found to be associated with respiratory depressant effect of Fentanyl [5]. 

9.6 

 Serotonin and Norepinephrine Reuptake 

Inhibitors

Duloxetine and Venlafaxine are serotonin and norepinephrine 

reuptake inhibitors (SNRIs). These drugs are used in the management of neuropathic pain, migraine prophylaxis, major depressive disorder, and in generalized anxiety disorder [2, 12]. Duloxetine has been approved by FDA for use in pain conditions such as 

neuropathic pain and fibromyalgia. Duloxetine increases the 

activity of noradrenaline and serotonin in the dorsal horn neurons 
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of the descending spinal tract [12]. Duloxetine is metabolized to multiple inactive metabolites by CYP1A2 and CYP2D6 and 

hence it acts as a substrate and inhibitor of CYP2D6. Hence, 

CYP2D6 polymorphisms may alter its pharmacokinetics, phar-

macodynamic, efficacy, and safety profile. 

Venlafaxine undergoes first pass hepatic metabolism by 

CYP2D6 and gets converted to an active metabolite 

O-desmethylvenlafaxine (ODV). This is further metabolized by 

CYP2C19, CYP2D6, and CYP3A4 into other metabolites which 

have minimal pharmacological activity. Another minor metabolite of Venlafaxine is N-desmethyl venlafaxine (NDV), with weak 

serotonin and norepinephrine reuptake properties which involves CYP219 and CYP3A4 gene. CYP2D6 polymorphism results in 

elevated plasma levels of Venlafaxine [2]. 

9.7 

 Paracetamol and Pain Modulation

Paracetamol metabolism involves a number of enzymes and 

receptors. Cytochrome P450 monooxygenase (CYP) sulfotrans-

ferase (SULT), and UDP glucuronosyltransferase (UGT), and the 

receptors/ion channels transient receptor potential vanilloid 1 

receptor (TRPV1), and calcium channels are the main receptors 

involved in paracetamol metabolism and its analgesic property. 

TRPV1 receptor has been shown to be a predominantly involved 

in paracetamol antinociception effect and its polymorphism is 

known to affect pain perception Similarly, a combination of 

UGT2B15 rs_1902023, TRPV1 rs_224534, and SULT1A1_

rs_9282861, has shown to be associated with variations in 

paracetamol analgesic response. 

9.8 

 Nonsteroidal Anti-inflammatory Drugs

CYP2C9, CYP1A2, and CYP3A4 are mainly involved in the bio-

transformation of NSAIDs and are subsequently eliminated by 

renal pathway. However, CYP2C9 has been found to have signifi-

cant polymorphism leading to increased drug exposure due to hin-
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dering of metabolism to inactive metabolites thus exposed to 

more adverse effect of NSAIDs [2]. 

9.9 

 Genetic Polymorphism and Local 

Anesthetics

Clinical actions of local anaesthetics (LA) are correlated with 

mutations of the sodium channel genes [13]. Patients with chronic opioid intake have been found to have cross tolerance to local anesthetics due to an inhibitory effect of opioids on central and peripheral VGSCs [14]. 

 SCN9A gene mutation demonstrates an increased resistance to lidocaine. In humans, amide and ester LAs undergo metabolism 

via different metabolic pathways. CYP3A4 is the main isoenzyme involved in the metabolism of lidocaine and bupivacaine whereas CYP1A2 isoenzyme in case of ropivacaine. Most esters are 

excreted renally after they are metabolized in to inactive compounds by plasma esterase. On the other hand, amide LAs undergo phase 1 metabolism either by hydrolysis (amidases) or oxidation (CYP450 oxidase system) in the liver. CYP3A4 activity has been found to have 10- to 100-fold inter-individual differences. 

Similarly, MC1R mutation leads to increased sensitivity to thermal stimulus and reduces subcutaneous lidocaine efficacy [13]. A molecular mechanism of resistance to local anesthesia has been suggested in patients with Ehler danlos syndrome probable due to altered local anesthesia dispersion. Patients with chronic opioid intake have been found to have cross tolerance to local anesthetics due to an inhibitory effect of opioids on central and peripheral VGSCs [14]. 

9.10   Advances in Gene Therapy for Pain

Although pharmacogenomic-guided therapy for pain treatment is 

gaining attraction in clinical practice, there are significant limitations in its widespread implementation. Safe and effective phar-macotherapeutic plans can be adopted by utilizing 
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pharmacogenomic data. Efficacy and safety of drugs depends on 

the difference in enzyme metabolism status of the individual. An individual can have poor, intermediate, normal, rapid, extensive, 

ultrarapid, or indeterminate metabolism phenotype [2] (Table 9.1). 

The relationship between gene mutations, metabolism status, and variability in drug responses should be further explored. Therapies provided on the basis of genetic polymorphisms may improve the outcome of treatments and reduces the risk of drug-related adverse effects. Genetic testing of COMT haplotypes can help to predict level of pain perception and may be included in clinical practices. 

Thus, genetic testing for pain perception and drug metabolizer polymorphism would potentially be useful in clinical decision-making. 

There are discrepancies in pain intensity scores given by 

patients and recorded by caregivers due to absent in knowledge of gene polymorphism. Patient’s perspective of pain and suffering should always be respected [15]. Identifying the background genetic polymorphism may provide better understanding of relationships between pain development, intensity, and their response to medication identify new genetic targets for treatment. Moreover, better preventive and therapeutic pain management may decrease the overall healthcare service resource utilization and expenditure. 

Table 9.1  Types of enzymic metabolizer with clinical implication Phenotype

Genotype description

Implication

Poor metabolizer  No function allele

Enzymic activity is 

(PM)

reduced, can result in 

treatment failure

Intermediate 

No functional allele or 

Reduced enzymic 

metabolizer (IM) decreased functional allele

activity as compared to 

normal metabolizer

Normal 

Combination of normal 

Fully functional enzyme 

metabolizer 

function allele and 

activity

(NM)

decreased function alleles

Rapid 

Combination of normal 

Increased enzyme 

metabolizer 

functional allele with 

activity

(RM)

increased function

Ultrarapid 

Two or more functional 

Increased metabolic 

metabolizer 

alleles

activity and can lead to 

(UM)

drug toxicity. 
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9.11   Conclusion

The Human Genome Project Research has revolutionized health-

care by facilitating drug development and understanding heterogeneity in pain perception. Rapid progress in neurobiology, 

behavioral analysis, genetics cells, and molecular techniques have expanded the knowledge about the mechanism of pain transmission. Further advancement in research in the area of genetic polymorphism may provide better understanding of interindividual 

variations in pain response, opioid consumption, adverse effects, and complications and eventually may lead to development of 

precision medicine in acute and chronic pain management. 
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Abstract

Pain due to surgical and diagnostic procedures in infants and 

children is usually undiagnosed and undertreated due to lack of awareness among physicians and paucity of experience in 

treating it. This chapter touches upon the reasons and ethics 

behind the need to treat perioperative pediatric pain and 

includes relevant age-appropriate tools to assess it. Both nonpharmacological and pharmacological methods are being uti-

lized to manage this pain. Use of newer modalities like 

ultrasound-guided regional blocks and non-opioid analgesics 

to prevent and reduce dependence upon opioids is also empha-

sized upon. A good perioperative protocol- to manage physi-

cal, emotional and psychological aspects of pain in children 

prevents long term complications like chronic pain, behavioral issues and mental disorders. 
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Pediatric Surgical Pain Management · Perioperative Pain in 

Children · Pediatric Anesthesia · Pediatric Regional Anesthesia Key Points

•  Pain is a subjective and unpleasant experience that 

affects children, especially during hospitalization due to 

surgical and diagnostic procedures. 

•  Effective pain management is essential for physical com-

fort and long-term mental and emotional well-being. 

•  Despite awareness among anesthesiologists and sur-

geons, a significant percentage (70%) of children experi-

ence moderate to severe pain post-surgery, indicating a 

critical need for improved management practices. 

•  Prolonged pain exposure in children can affect central 

nervous system (CNS) development, leading to altered 

pain sensitivity and increased risk of chronic pain syn-

dromes in adulthood. 

•  Regular pain assessment is vital for effective analgesia 

and should consider various influencing factors (e.g., 

age, emotional state, prior experiences). 

•  Unique assessment tools like FLACC and CRIES are 

used for different age groups, along with scales like VAS 

and NRS for older children. 

•  Ultrasound can be employed to give basic and advanced 

nerve blocks for opioid sparing analgesia. Newer modal-

ities employing Artificial intelligence are being devel-

oped for pain control in children. 

10.1   Introduction

Pain is a subjective and unpleasant sensory and emotional experience, and acute pain can affect individuals of all ages, including children. In the pediatric population, painful diagnostic and surgical procedures are the primary causes of acute pain during hospi-
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talization. Managing pain effectively in children is not only 

crucial for their physical comfort but also for their long term mental and emotional well-being. Additionally, ensuring an adequate level of analgesia, sedation, and nerve block at the surgical site is essential for maintaining homeostasis in pediatric surgical 

patients. Despite widespread awareness, studies show that 70% of children undergoing surgery experience moderate to severe pain, which highlights the need for improved pain management prac-

tices in this vulnerable population [1–3]. 

10.1.1   Challenges in Pediatric Pain Management

 S everal barriers contribute to ineffective pain management in pediatric patients. These include:

•   Lack of knowledge: Many healthcare professionals are reluc-tant to use opioids or nerve blocks in children due to fear of adverse effects, and often leading to inadequate analgesia. 

•   Lack of standardized pain-management protocols: Due to absence of clear guidelines, policies or standardized pain management regimens children recieve an inconsistent care peri-

operatively. 

•   Under estimating pain: Some healthcare personnel may under-estimate the pain children experience or prioritize other clinical tasks over pain management. 

Hospitals that implement standardized pain management pro-

tocols and provide ongoing education on pediatric pain manage-

ment demonstrate significantly better outcomes in terms of pain relief for children [4–6]. 

10.1.2   Consequences of Untreated Pain 

in Children

Consequences of untreated pain in children extend beyond imme-

diate discomfort. The immature central nervous system (CNS) of 
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children, particularly in the early years of life, makes effective pain management crucial for normal development. Maturation of 

CNS structures, including the myelination of nerve fibers, continues into adulthood, with peak activity during the first 2 years of life. Chronic pain exposure during this critical developmental period can adversely affect CNS development, leading to altered pain sensitivity later in life. Insufficient analgesia in neonates undergoing surgery or painful procedures has been linked to lower pain thresholds and chronic pain syndromes in adulthood. 

Prolonged or severe pain post-surgery, particularly lasting more than 2  weeks, increases the risk of chronic pain development 

within a year [7–10]. 

10.1.3   Ethical and Legal Aspects of Pain 

Management in Children

Effective pain management is not only a clinical necessity but also a fundamental human right. This principle was reiterated in the 13th World Congress on Pain (2010) in Montreal, which stated 

that children have the right to relief from suffering. In some countries, like Poland, legal provisions guarantee the right to relief and treatment of pain [11–14]. 

10.1.4   Safety Considerations in Pediatric 

Analgesia

The safety of pediatric analgesia hinges on preventing errors during the prescription, administration, and monitoring side-effects of pain medications. Preoperative education for healthcare professionals, children, and their parents is essential regarding understanding of analgesic drugs, their dosages as per weight, age, contraindications, and potential adverse effects. Clear communication with parents about the procedures and pain management 

expectations enhances outcomes. Proper record-keeping, includ-

ing adherence to pain management protocols, regular pain assessments, and vigilant monitoring for adverse reactions, is imperative 

[14, 15]. 
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10.1.5   Pediatric Pain Assessment Methods

Assessing pain in children is crucial to achieve effective analgesia and must be performed regularly. Pediatric pain, like in adults, is influenced by a variety of factors, including the surgical procedure, age, emotional state, anxiety, prior pain experiences, genetic predispositions, and environmental factors. 

10.1.5.1   Pain Intensity Assessment in Neonates/

Infants

Neonates and young children pose unique challenges, as they are unable to verbalize their discomfort. Observable signs such as agitation, crying, facial expressions, and changes in physiological parameters (e.g., tachycardia, elevated blood pressure) are often used as proxies for pain, although these signs may be influenced by non-pain-related factors (e.g., cold or hunger). Commonly 

used pain scoring systems in pediatric age group is discussed separately in another chapter on “Assessment of Acute Pain.” Only a few are discussed here in brief (Table 10.1): 10.1.5.2   Pain Intensity Assessment in Older 

Pediatric Patients

1.  Self-Report Pain Scales

For older children, self-report pain scales are effective tools for measuring pain intensity:

•   FACES Scale (Wong-Baker): Suitable for children aged 3–18 years. It uses six drawings of faces with expressions that range from no pain (0 points) to the worst possible pain (10 

points). 

•   Faces Pain Scale - Revised: For children aged 4–12 years. It features six faces, with scores assigned by the child ranging 

from 0 to 10 points. 

•   VAS Scale (Visual Analogue Scale): For children aged 3–18 years. This scale uses a 10 cm line, where 0 represents no pain and 10 represents the worst pain imaginable. 
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Table 10.1  Commonly used scales in pediatric pain management [26]

Outcome and 

Scale

Parameters assessed

scoring

Application

Premature 

Age from 

Scored 0–21, with  Procedural 

Infant Pain 

conception, behavior,  each parameter 

and 

Profile (PIPP)

pulse, hemoglobin 

scored 0–3 points.  postoperative 

oxygen saturation, 

Minimal pain ≤6,  pain

raising of eyebrows,  moderate-to-

tightening of eyelids,  severe pain >12

nasolabial sulcus

FLACC (Face,  Facial expression, 

Scored 0–10, with  Procedural 

Legs, Activity,  leg position, activity,  each parameter 

and 

Cry, 

cry, consolability

scored 0–2 points.  postoperative 

Consolability)

Moderate pain >4,  pain

severe pain >7

COMFORT 

Wakefulness, mood,  Scored 8–40, with  Pain and 

Scale 

reaction to ventilator  each parameter 

sedation in 

(Behavioral 

breathing, 

scored 1–5 points.  neonatal 

and 

ambulation, muscle 

Sufficient sedation  intensive care 

Physiological  tone, facial 

17–26, 

units

Parameters)

expressions, mean 

insufficient 

arterial pressure 

sedation/analgesia 

(MAP), heart rate 

>27

(HR)

CRIES 

Crying, demand for 

Scored 0–10, with  Postoperative 

(Crying, 

additional oxygen 

each parameter 

pain in 

Requirement 

supply to maintain 

scored 0–2 points.  neonatal 

for Oxygen, 

saturation > 95%, 

Moderate pain >4,  intensive care 

Increased HR,  heart rate, facial 

severe pain >7

units

Expression, 

expressions, sleep 

Sleeplessness) patterns

 Premature Infant Pain Profile (PIPP): Incorporates factors such as gesta-tional age and oxygen saturation. It’s useful for both procedural and postoperative pain, with higher scores indicating more severe pain

 FLACC Scale: Measures five parameters (face, legs, activity, cry, and consolability) and is quick to administer for assessing procedural and postoperative pain

 COMFORT Scale: Evaluates both behavioral and physiological aspects, making it effective in NICU settings for assessing pain and sedation levels CRIES Scale: Specifically designed for postoperative pain in neonates, it takes into account crying, oxygen requirements, heart rate, facial expressions, and sleep disruptions

10  Special Considerations of Perioperative Pain Management…

213

•   NRS Scale (Numeric Rating Scale): Also suitable for children aged 3–18 years, this scale rates pain on a scale of 0–10, with 0 being no pain and 10 being the worst possible pain. 

•   Pieces of Hurt Tool: For children aged 3–18 years, which uses objects to represent the degree of pain experienced. 

2.  Behavior-Based Pain Scales

For children who cannot effectively communicate their pain, 

observational scales based on behavior and physiological parameters are commonly used:  FLACC Scale (Face, Legs, Activity, Cry, Consolability), PPPM Scale (Parents’ Postoperative Pain 

 Measure), and COMFORT Scale. 

10.1.5.3   Pain Scales for Children with Cognitive 

Impairment

For children with cognitive impairments, specialized scales are employed:

•   NCCPC-PV Scale (Non-Communicating Children’s Pain 

 Checklist—Postoperative Version): Suitable for children aged 3–18 years. 

•   PPP Scale (Pediatric Pain Profile): Designed for children aged 1–18 years. 

•   FLACC Scale-Revised: Adjusted for children with cognitive impairments, aged 4–18 years. 

•   INRS (Individualized Numeric Rating Scale): Used for children aged 3–18 years with cognitive impairments. 

Pain intensity is often categorized as:

•   Mild: 1–3 points on the VAS/NRS/FLACC scales

•   Moderate: 4–6 points

•   Severe: 7 or more points

Pain intensity must be assessed both at rest and during move-

ment (e.g., coughing, walking). Pain management should aim to 
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reduce pain to levels tolerable for the patient, with a target of 

complete pain relief when possible [16–21]. 

10.1.6   Basic Principles of Pain Management 

in Children

Effective pain management in pediatric patients is crucial to 

improving recovery outcomes, particularly within perioperative care protocols, such as e nhanced Recovery After Surgery (eRAS).  

These protocols emphasize the importance of regular pain assessment (at least three times a day) and consistent documentation, much like monitoring vital signs. Below are the key principles of acute pain management in children, incorporating both pharmacological and non-pharmacological methods: [13–18]

•   Individualized Approach: When selecting analgesia, factors like the child’s age, previous pain experiences, type of surgery, expected pain intensity, and duration must be considered. 

•   Scheduled Analgesia: Analgesics should be administered at regular intervals based on age-related pharmacokinetics or via continuous infusions to maintain constant therapeutic blood 

levels and ensure effective pain control. On-demand dosing 

should be avoided; however, rescue doses should be available 

for breakthrough pain. 

•   Pre-emptive Analgesia: Pre-emptive analgesia is crucial for preventing severe postoperative pain and reducing the need for analgesics afterward. This involves administering analgesics 

before the onset of pain. 

•   Multimodal Analgesia in Pediatric Pain Management: This approach combines various drugs and techniques that target 

different mechanisms involved in pain transduction and per-

ception. The combination of analgesics, co-analgesics, and 

regional/local anesthesia techniques is key to ensuring effec-

tive analgesia, thus optimizing perioperative pain management 

in pediatric patients [22–25]. 

•   Monitoring of Pain: Regular monitoring of pain, at least three times daily, is essential. New devices aimed at improving pain 
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assessment in young children, particularly in ICUs, are under 

development. These devices often rely on heart rate variability or changes in the parasympathetic system to optimize pain 

management. Machine learning and Deep Learning, both sub-

sets of the Artificial Intelligence spectrum, are being employed to develop programs to identify and treat pain in children, 

safely and effectively [26, 27]. 

•   Postoperative Considerations

–  As per ERAS Society protocol for neonatal patients, in 

post-operative period, opioid use is to be limited but if in 

case, opioids are needed, lowest effective dose with con-

tinuous monitoring are recommended. 

–  Paracetamol/Acetaminophen is recommended to be given 

regularly in the early post-operative period and not on a “as 

per need” basis along with continuation of multi modal 

analgesia and regional techniques to minimize opioid use. 

–  There is also a recommendation to place sucrose/dextrose 

on the tongue to reduce pain during naso/orogastric tube 

placement in children. 

–  ERAS also suggests to restart enteral feeds within the next 24–48 h after surgery, including breast-feeding, irrespective 

of the status of bowel function. Breast feeding is proven to 

be as effective and comforting as various analgesics in 

infants [28–31]. 

10.1.7   Non-pharmacological Methods of Pain 

Management in Children

1.  Distraction Techniques: Methods such as reading fairy tales, playing cartoons or movies, or offering toys, playing video 

games help divert the child’s attention from their pain, offering psychological comfort alongside analgesia. 

2.  Virtual Reality (VR) and Augmented Reality (AR): Recently, use of goggles and VR headsets to simulate an immersive 3D 

world are being used to manage emotional and psychological 

aspect of pain during venous cannulation, pediatric dental pro-
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cedures, and wound dressing for burns. VR games can be used 

to counter anxiety experienced by children on entering unfa-

miliar environment of an operation theatre [32–34]. 

10.1.7.1   Routes of Analgesic Administration

The route should be as comfortable as possible for the child. 

Intravenous (IV) and oral routes are preferred, but if these are not feasible, other routes such as rectal, nasal, or transmucosal may be considered. 

1.  Intravenous Analgesia: Commonly used in pediatric patients, either in single doses or continuous infusions, especially in 

Pediatric Intensive Care Units (PICUs). Options include:



–  PCA (Patient-Controlled Analgesia): Children may self-administer a preset dose of analgesics. 



–  NCA (Nurse-Controlled Analgesia): For younger or cognitively impaired children. 

2.  Subcutaneous Administration: Recommended for oncological or hospice patients (e.g., morphine). Transdermal patches can 

also be used in some cases. 

3.  Rectal Administration: This method is acceptable if oral or IV 

routes are not feasible, but it should be avoided in immunosuppressed children due to the risk of perianal abscesses. 

4.  Nasal and Transmucosal Routes: These alternatives, particularly nasal opioid administration (e.g., fentanyl, sufentanil, ketamine), are attractive for situations where IV access is not possible, such as burns or home care. However, these options 

may not always be approved for pediatric use in certain 

regions. 

5.  Regional Anesthesia: Regional anesthesia techniques can be valuable in pediatric pain management, where feasible. 

Administering local anesthetics (LA) into the surgical wound 

before or during surgery significantly complements periopera-

tive pain control [35–39]. 
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10.1.8   Pharmacotherapy of Pain in Children

10.1.8.1   Opioid  Analgesics

•  Opioids are widely used in pediatric pain management, espe-

cially for moderate to severe pain. 

•   Mechanism:  Mu opioid receptor agonists,  which relieve pain but also affect mood, behavior, and various bodily functions, 

such as respiration and digestion. 

•   Routes of Administration. 

–   Intravenous (IV) is the most common route for opioids in perioperative care. Alternatives like  subcutaneous, oral, or transdermal routes offer flexibility for specific clinical needs. 

–   Continuous infusion or Patient-Controlled Analgesia (PCA) is typically used in PICUs to provide sustained pain relief, 

especially for severe pain. 

–   Combination therapy: To reduce the total opioid dose and side effects, opioids are often combined with other analgesics. 

•   Specific Opioids. 

1. 

 Morphine: A gold standard opioid, its pharmacokinetics in children resemble those in adults but require dose adjustments for premature infants and neonates due to immature 

organs. Dose 25–100 μg/kg. 

2. 

 Fentanyl: 100 times more potent than morphine with a short half-life of 20–30 min, it is being used to manage acute pain 

perioperatively. Dose 1–2 μg/kg. 

3. 

 Sufentanil: 1000 times more potent than morphine, it is restricted to PICUs due to its potency and risks. Dose 

0.5–1 μg/kg bolus followed by continuous infusion of 0.5 

to 1 μg/kg/h. 

4. 

 Oxycodone: Effective for children over 12 years old, available in both oral and IV forms, making it useful for 

sequential therapy as children transition from IV to oral 

analgesics. 

218

K. Kakkar and B. Gupta

5. 

 Tramadol: A weak opioid that also inhibits norepinephrine reuptake and increases serotonin release, it has faced 

restrictions in pediatric use. The FDA forbade its use in 

children due to safety concerns, but the European Society 

for Pediatric Anesthesiologists still allows its hospital-

based use in Europe. However, interactions like exacerba-

tion of postoperative nausea with ondansetron should be 

avoided. 

•   Agonist/Antagonist Drugs

Medications, such as  Nalbuphine, have a ceiling effect that limits respiratory depression but also limits efficacy at higher doses. Nalbuphine is often used for mild to moderate postoperative pain and can be combined with morphine for enhanced 

pain control. 

•   Side Effects



– Common side effects include nausea, vomiting, constipa-

tion, sedation, and the serious risk of respiratory depres-

sion. 



– Concerns like  opioid-induced hyperalgesia, where increasing doses paradoxically worsen pain, and increased toler-

ance have been noted with short-acting opioids. 



–  Immunosuppression: Most opioids can cause immunosup-

pression, increasing the risk of postoperative infections. 



–  Opioid-induced Hyperalgesia (OIH): Ultra-short-acting opioids, such as remifentanil, may paradoxically increase 

pain despite higher opioid doses [35–39]. 

10.1.8.2   Non-opioid  Analgesics

This topic is discussed at length in a separate chapter on “Methods of Analgesia,” however for sake of completion of chapter, we have mentioned it here. In the pediatric age group, the key differences in the use of non-opioid analgesics pertain to dosage adjustments, route of administration, and specific considerations regarding their pharmacokinetics and adverse effects. 
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1.  Paracetamol

•  Dosage:



– Intravenous: Loading dose remains 15–20  mg/kg, fol-

lowed by maintenance doses (10–15 mg/kg every 6–8 h). 

Maximum cumulative daily dose must be tailored to 

weight and age, especially in neonates and infants with 

immature liver enzymes. 



– Oral: 10–15 mg/kg per dose; maximum total daily dose 

is 60 mg/kg/day in most pediatric populations but may 

be adjusted for premature neonates due to slower metab-

olism. 



– Rectal: Higher doses (20–40 mg/kg) are necessary due 

to variable bioavailability, with reduced dosing (15 mg/

kg) for infants <10 kg. 

•  Specific Considerations



– Neonates have reduced metabolic capacity; dosing fre-

quency may need adjustment. 



– Risk of hepatotoxicity increases in malnourished chil-

dren or those with liver dysfunction. 



– Monitoring is crucial to prevent cumulative overdose in 

febrile illnesses . 

2.  Metamizole

•  Dosage:



– Short-term continuous infusion: Pediatric dose is 

2.5 mg/kg/hour for effective analgesia. 



– Intermittent dosing: 10–15 mg/kg every 8 hours. 

•  Specific Considerations:



– Hypotension: This is a notable concern in children dur-

ing rapid intravenous administration. Dosing must be 

done slowly and with hemodynamic monitoring. 



–  Risk of agranulocytosis: This remains a rare but severe side effect, requiring careful consideration for repeated 

or prolonged use. 

3.  NSAIDs

•   Dosage of commonly used NSAIDs:

•   Ibuprofen: Oral, rectal, and intravenous doses remain 10 mg/kg every 8 h. 
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•   Diclofenac: Oral: 1 mg/kg 8 hourly. Rectal: 0.5–1 mg/kg 8 

hourly. 

•   Ketorolac: Intravenous: 0.5–1 mg/kg as a single dose, then 0.15–0.2 mg/kg every 6 h (maximum single dose: 30 mg; 

maximum maintenance dose: 10 mg). 

•   Ketoprofen: Intravenous: 1 mg/kg every 8 h. 

•  Specific Considerations:



– Hypotension: This is a notable concern in children dur-

ing rapid intravenous administration. Dosing must be 

done slowly and with hemodynamic monitoring. 



– Risk of agranulocytosis: This remains a rare but severe 

side effect, requiring careful consideration for repeated 

or prolonged use [39–41]. 

10.1.8.3   Non-opioid  Adjuvants

Non opioid adjuvants are used to enhance pain relief and manage side effects caused by other analgesics. 

1.  Gabapentinoids

•   Gabapentin and  pregabalin are used to manage chronic neuropathic pain in children, though their use is off-label. 

•  These drugs are incorporated into multimodal analgesia 

during the perioperative period, improving the quality of 

analgesia and reducing opioid requirements. 

•   Side effects like nausea, vomiting, and urine retention are reduced with these drugs. 

•   Dose: Gabapentin can be dosed at 10  mg/kg in younger children or 300 mg for children above 12 years. 

•  The safety of pregabalin in children under 17 years has not been established. 

2.  Alpha-2 Adrenergic Receptor Agonists

•   Clonidine and  dexmedetomidine are commonly used in perioperative pain management by inhibiting pain transmission at the  spinal cord and supraspinal level. 

•  These drugs help reduce postoperative opioid needs and the 

incidence of nausea, but they can cause  hypotension, bradycardia, and sedation. 
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•  Dexmedetomidine is typically used in doses ranging from 

0.3 to 1 μg/kg intravenously, either as a single bolus or con-

tinuous infusion. 

•  Clonidine and dexmedetomidine are also being used as 

effective adjuncts in spinal, epidural, caudal blocks in chil-

dren. 

3.  Ketamine

•  Ketamine is an NMDA receptor antagonist that provides 

analgesia, prevents persistent postoperative pain, and sup-

ports hemodynamic stability in patients. 

•  It is effective in sub-anesthetic doses for perioperative analgesia without causing respiratory depression. 

•   Dose: Doses typically range from 0.1 to 0.3  mg/kg for bolus administration, and continuous infusion doses are 

0.06 to 0.12 mg/kg/h. 

•  Preservative free Ketamine is also being used as an adjunct in peripheral nerve blocks and caudal blocks. 

4.  Corticosteroids

•   Dexamethasone is used for its anti-inflammatory and antinociceptive properties, especially in head and neck surger-

ies and procedures lasting longer than an hour. 

•  It reduces pain intensity, opioid requirements, and postop-

erative nausea and vomiting. 

•  A single dose of dexamethasone (0.1–0.5 mg/kg) has dem-

onstrated no effect on increasing infection rates or delaying 

wound healing. 

5.  Magnesium Sulfate

•  Magnesium acts as an NMDA receptor antagonist and has 

anti-inflammatory properties, though evidence supporting 

its use in postoperative pain management in children is lim-

ited. 

•  Doses typically involve a 30–50 mg/kg bolus followed by a 

continuous infusion of 15 mg/kg/h. 

•  Magnesium can delay neuromuscular conduction and cause 

bradycardia [42–44]. 

222

K. Kakkar and B. Gupta

10.1.9   Regional Analgesia in Children

Regional anesthesia provides superior and prolonged pain control compared to systemic analgesia, reducing the need for opioids. 

Peripheral nerve blocks in children are similar to those in adults, but require adaptations due to smaller anatomical structures. 

Common landmark guided blocks being given by pediatric anes-

thesiologists are bilateral infraorbital nerve block for cleft lip and palate surgery; caudal block for hip, anal, perineal, or abdominal surgeries; penile block in hypospadias repair; femoral block; fascia iliaca block, etc. Many upper and lower extremity blocks are being given using nerve stimulators alone, or combined with landmark technique. Ultrasound guidance improves the safety and 

efficacy of regional blocks. Regional blocks in children should always be performed under general anesthesia or deep sedation. 

Test doses of local anesthetics, monitoring for acute compartment syndrome, and managing toxic complications like local anesthetic systemic toxicity (LAST) are crucial considerations. 

 Newer regional anesthesia techniques being performed using ultrasound in children are:

1.  Quadratus Lumborum (QL) Block: Provides effective analgesia for thoracoabdominal and lower abdominal surgeries, such 

as appendectomy or hernia repair, under ultrasound guidance. 

2.  Erector Spinae Pain (ESP) Block: ESP block is being utilized for pain relief in including thoracotomies, rib fractures, or 

laparoscopic procedures. 

3.  Suprainguinal fascia iliaca (FI) block: Widely used for pain relief in orthopedic procedures involving the hip or knee, such 

as femur fractures or hip osteotomies. [43–45]

10  Special Considerations of Perioperative Pain Management…

223

10.2   Special Considerations in Pediatric Pain 

Management

10.2.1   Acute Post-traumatic Pain 

in Emergency Room

•   Pain Mechanism: Acute post-traumatic pain is mixed, involving nociceptive and neuropathic components, with a dominant 

inflammatory response due to tissue damage. 

•   Pain Management: Play and distraction techniques help the child cope with the injury, bleeding and the anxiety of being in an unfamiliar environment. Soothing presence of a parent or 

trusted guardian while application of splints and dressings can help. Proper pain intensity assessment, using the various tools mentioned, is crucial for effective management as follows:

–   Mild Pain (VAS/NRS/FlACC 1–3): For milder pain, 

Paracetamol 20 mg/kg loading dose followed by 15 mg/kg 

4–6 hourly can be administered orally or rectally. NSAIDS 

like Oral Ibuprofen 10 mg/kg 6–8 hourly may also be given. 



–  Moderate Pain (VAS/NRS/FlACC 4–6): Paracetamol in the above-mentioned dose along with NSAIDS like Tab 

Diclofenac 1 mg/kg 8 hourly or Tab ibuprofen 10 mg/kg 6–8 

hourly can be given. If needed, opioids like Oral Codeine 

1 mg/kg 4–6 hourly (for age >12 years) or Oral morphine 

0.2–0.5 mg/kg stat can be used as a rescue measure. 

–   Severe Pain (VAS/NRS/FlACC >7): Entonox can be used as a holding measure to calm down the child until intravenous 

cannulation is established and stronger opioids like intrana-

sal diamorphine (0.1  mg/kg) or intravenous morphine 

(0.1–0.2  mg/kg) can be administered. Fentanyl (1.5 mcg/

kg) is a potent opioid but should be used cautiously as it 

comes with a high risk of muscle rigidity (thoracic/glottic) 

and respiratory failure, particularly in non-intubated chil-

dren. Ketamine (100–300 mcg/kg) can be useful in cases 

where pain persists despite NSAIDS and opioids. 

Antiemetics like Ondansetron should be used liberally to 

manage nausea arising from use of opioids [46, 47]. 
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10.3   Conclusion

Effective pediatric pain management is crucial to ensure the well-being and comfort of children undergoing surgical procedures or suffering from acute or chronic pain. A comprehensive approach, which includes thorough assessment, appropriate pharmacological interventions, and non-pharmacological strategies, is essential for achieving optimal outcomes. It is important to recognize that pediatric pain is often underreported and undertreated, which 

necessitates the involvement of a multidisciplinary team and family-centered care. 
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* lessened (the patient cuts him/herself off)

« absence or refusal of any form of communication

wN—0o|lwNn -0

wN=-0|lwNn =0
wn—-0o|lwNn —o

wN—-0o|lwNn —o0

9e Social life * parficipates normally in every activity (meals, entertainment, therapy workshops)

* participates in activities when asked to do so only

* sometimes refuses to participate in any activity .

* refuses fo participate in anything ... ........

10e Problems ».normal behaviovr :<i e shrE e oy s AT SRR T e e
of behaviour  « problems of repetitive reactive behaviour .
« problems of permanent reactive behaviour

* permanent behaviour problems (without any external stimulus) .

wnv—o|lwunw—0o|len—-0o

wn—o|lwm—o|lewn—-o
wnvw—oflwun—-o|len -0

wn—oflwnm—-—0o|len -0
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In the area where you have pain, do you also have “pins and needles’, tingling or prickling
sensations?

(] NO-1don't get these sensations

[] YES -1 get these sensations

Does the painful area change colour (perhaps look mottled or more red) when the pain is
particularly bad?

(] NO-The pain does not affect the colour of my skin

(] YES -1 have noticed that the pain does make my skin look different from normal.

Does your pain make the affected skin abnormally sensitive to touch? Getting unpleasant
sensations or pain when lightly stroking the skin might describe this.

[] NO-The pain does not make my skin abnormally sensitive to touch.

[C] YES - My skin in that area is particularly sensitive to touch.

Does your pain come on suddenly and in bursts for no apparent reason when you are completely
still? Words like “electric shocks”, jumping and bursting might describe this.

(] NO - My pain doesn't really feel like this.

(] YES -1 get these sensations often.

In the area where you have pain, does your skin feel unusually hot like a burning pain?

[C] NO -1 don't have burning pain

(] YES -1 get burning pain often

Gently rub the painful area with your index finger and then rub a non-painful area (for example, an
area of skin further away or on the opposite side from the painful area). How does this rubbing feel
in the painful area?

[[] The painful area feels no different from the non-painful area

(] Ifeel discomfort, like pins and needles, tingling or burning in the painful area that is different
from the non-painful area.

Gently press on the painful area with your finger tip and then gently press in the same way onto
anon-painful area (the same non-painful area that you chose in the last question). How does this
feel in the painful area?

[[] The painful area does not feel different from the non-painful area.

[[] 1feel numbness or tenderness in the painful area that is different from the non-painful area.

Total score:
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Tool Pain Assessment for the Dementing Elderly (PADE)
Tool \Villanueva, M.R., Smith, T.L., Erickson, J.S., Lee, A.C., Singer, C.M.
developers
'The Pain Assessment for the Dementing Elderly (PADE) is an informant-based tool
Purpose for the assessment of pain in individuals with advanced dementia. It was
developed to help caregivers assess patient behaviour that may indicate pain.
'The terms distress and pain are used interchangeably. Association between pain
and agitation was noted.
Pain assessment by observation rests upon three key assumptions:
Conceptual 1. Facial characteristics, body posture and movement patterns can indicate
basis P the presence of pain.
2. Pain can interfere with activities of daily living (ADLs) such as dressing
and eating.
3. Caregivers can reliably observe and rate behaviour.
IAssumptions reflect a conceptual basis for pain by observation of behaviours.
Item generation is based on
- literature review (Kovach: facial features and ADL)
- interviews with nursing staff at care facilities
- naturalistic observation by research associates (logged 30 hours over a 2-
week period in a dementia care unit).
Tool items
24 items in three parts:
| Physical
- observable facial expression
Item - breathing pattern
Generation - posture
Il Global Assessment- proxy evaluation of pain intensity
11l Functional (ADL)
- dressing
- feeding oneself
- transfers from wheelchair to bed.
Items were validated by clinical experts in three settings. Feedback was provided
by staff regarding ease of use, comprehensiveness and manual instructions.
IAdjustments were made.
Content IThe PADE has not been subjected to content validation by independent experts in
Validity pain in elders with dementia. However, subsequent studies have indicated that the

tool is sensitive to pain behaviours
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History taking Pain characteristics
Physical Type of pain
examination Possible
Assessment tools mechanism
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MecGill Pain Questionnaire
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Initial Pain Assessment Tool
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Behaviour

No particular expression

Occasional grimace or

Frequent to constant

Face srerille from{nf withdrawn, quivering c-hln, clenched
disinterested jow
Legs Normal position or relaxed | Uneasy, restless, tense Kicking or legs drawn up
5 Lying quietly, normal Squirming, shifting, back 5z 5o
Activity position, moves easily and forth, tense Arched, rigid or jerking
Moans or whimpers; Crying steadily, screams,
Cry Nocry (awake or asleep) occasional complaint sobs, frequent complaints
Reassured by touching,
Consolability Content, relaxed hugging or being talked to, Difficul

distractible
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Breathing Occasional labored breathing. Noisy labored breathing. Long

independent of Short period of hyperventilation.  |period of hyperventilation.

vocalization Cheyne-Stokes respirations.

Negative Occasional moan or groan. Low- |Repeated troubled calling out.

vocalization level speech with a negative or  |Loud moaning or groaning.
disapproving quality. Crying.

Faclal expression |Smiling or Sad. Frightened. Frown. Facial grimacing.
inexpressive

Body language elaxed Tense. Distressed pacing. Rigid. Fists clenched. Knees
Fidgeting. pulled up. Pulling or pushing
away. Striking out.
Consolability No need to Distracted or reassured by voice |Unable to console, distract or
console or touch. reassure.

Total

*Five-item observational tool (see the description of each item below).

**Total scores range from 0 to 10 (based on a scale of 0 to 2 for five items), with a higher score indicating more severe pain (0="no pain*
to 10="severe pain®).
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Targeted
management in
chronic pain
syndromes and
opioid abusers

Safe &

Patient specific efficient Protocolised
drug & dose Acute Pain multimodal
modifications Management analgesia

Services

Streamlined opioid
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could be

Extreme pain
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Nociceptive

Neuropathic

Psychogenic

Mixed

Idiopathic

Description and mechanism

Examples Nature of pain

Activation of peripheral
nociceptorsin tissues other
than the nervous system

Surgical incision, fracture, burn,

arthritis, bruise Gelinethiobbige

Trauma or dysfunction of
sensory nerves. May become
stimulusindependent.

Neurogenic TOS, spine surgery,
thoracotomy, phantom limb
syndrome

Burning, tingling, electric shock
like sensation

Physical manifestation of a
psychological ailment

Usuallyill defined, difficult to
diagnose and don’t match with
the other symptoms

Headache, fibromyalgia
syndrome, muscle pain

Characterised by a amalgam of
neuropathicand nociceptive
pain
A —
Pain due to unknown
mechanism






