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Preface

The journey of a surgical patient does not begin in the operating room, nor
does it end upon discharge. Pain management before, during, and after sur-
gery is central to that journey. It shapes not only recovery and rehabilitation
but also the patient’s overall experience, safety, and quality of life. As our
understanding of pain mechanisms has advanced and new modalities have
emerged, the need for a comprehensive and coordinated approach to periop-
erative pain care has become increasingly clear.

This book was conceived to meet that need. Perioperative Pain
Management: From Preoperative Optimization to Transitional Postoperative
Care presents a unified, multidisciplinary framework that extends across the
entire continuum of care, from preoperative assessment and optimization
through intraoperative management, early recovery, and the transition to
long-term outcomes. The goal is to provide readers with both a foundation of
scientific knowledge and a practical guide to clinical decision-making in the
complex environment of perioperative care.

Each chapter has been written by experts who represent the many disci-
plines that intersect in the field of pain management. Their contributions
reflect the shared commitment of anesthesiologists, surgeons, nurses, phar-
macists, psychologists, and rehabilitation specialists to improving patient
outcomes through collaboration, innovation, and compassion. The text
emphasizes multimodal strategies, individualized care, and the integration of
emerging technologies, while addressing challenges such as opioid steward-
ship, prevention of chronic post-surgical pain, and equitable access to effec-
tive pain management.

This book was created with the hope that it will serve both as a guide for
clinicians and as an inspiration for continued advancement in the field. The
work of caring for patients in pain is at once scientific and deeply human. It
demands precision, empathy, and the constant pursuit of better solutions. We
dedicate this text to all who share that pursuit.

Durham, NC, USA Padma Gulur
Cleveland, OH, USA Hesham Elsharkawy
Gainesville, FL, USA Rene Przkora
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The Importance of Pain
Management in Surgery

Lady Christine Ong Sio, Cameron Schmutz,

and Tyler Burkhart

Introduction

Recognizing noxious stimuli is essential for sur-
vival, making pain an unavoidable part of daily
life. While pain serves as a protective mecha-
nism, it is often accompanied by maladaptive
changes in the nervous system. Pain manage-
ment, especially in the perioperative setting, is a
frequent topic in the medical field, with a focus
on enhancing surgical outcomes and patient
recovery. In today’s healthcare environment,
which prioritizes patient satisfaction, providing
effective analgesia is crucial for ensuring patient
comfort. Addressing and treating acute post-
surgical pain effectively not only improves recov-
ery times but also helps prevent the development
of chronic pain.

Background and Current
Understanding

Acute pain is a physiological response to noxious
stimuli that can become pathological. It typically
has a sudden onset, is time-limited, and motivates
behaviors to avoid potential or actual tissue inju-
ries [1]. This definition encompasses an inciting

L. C. O. Sio () - C. Schmutz - T. Burkhart
Department of Anesthesiology and Perioperative
Medicine, University of Louisville,

Louisville, KY, USA

e-mail: leydikris @yahoo.com

event, sudden onset, a limited timeframe, and
potential pathological development. Acute pain
often lasts less than seven days but can extend up
to three months [2].

Effective management of postoperative pain
is crucial for increasing patient comfort and sat-
isfaction. Persistent, intractable pain can lead to
avoidance behaviors, resulting in detrimental
changes in mobility, mood, and social function
[3]. Surgery, trauma, or acute injury can cause
neuroplastic changes in the peripheral and cen-
tral nervous systems, potentially leading to
chronic pain [4]. Inadequate postoperative pain
control is associated with a higher likelihood of
developing chronic postoperative pain (CPP),
defined as pain lasting more than three months
after surgery [4, 5].

Managing acute post-surgical pain involves
prevention and treatment using conventional
medical, psychiatric, complementary, integra-
tive, and alternative modalities, all aimed at
pain relief, improved function, enhanced qual-
ity of life, expedited recovery, and reduced
morbidity and mortality. Notably, the reduction
of physiological pain is just one target among
these goals [2, 6].

The central nervous system (CNS) and periph-
eral nervous system (PNS) are integral to the
mechanisms and pathways of pain perception.
Nociceptive signals from the site of surgery are
transmitted to the CNS primarily by small
myelinated (A-delta) and unmyelinated (C) sen-

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2026 3
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sory afferent fibers [7]. Mechanical, thermal, and
chemical stimuli are received by free nerve end-
ings of various primary afferent neurons in the
periphery. These neurons transduce stimuli to
secondary neurons in the dorsal horn of the spinal
cord or the medulla oblongata of the brainstem if
from the head [8, 9]. The dorsal horn integrates
input from multiple peripheral afferent neurons
[10]. Secondary neurons transmit signals up the
lateral (pain, temperature) or anterior (crude
touch, pressure) spinothalamic tract and spinore-
ticular tract to the thalamus, which processes and
relays somatosensory information to various
brain regions, including the primary and second-
ary somatosensory cortices, insula, anterior cin-
gulate cortex, and prefrontal cortex for
interpretation and further physiological response
[9]. Multiple brain areas, such as the periaque-
ductal gray, rostral ventral medulla, amygdala,
and parabrachial nucleus, are involved in pain
pathway modulation and emotional processing
[10]. This complex process, occurring in nano-
seconds, is modulated by factors such as segmen-
tal inhibition, descending inhibition, and
endogenous opioids, ultimately contributing to
pain perception.

Acute pain induces a stress response within
the body, releasing catecholamines, cortisol, and
glucagon, which can be maladaptive in certain
sustained settings [11]. Catecholamine release
often manifests as tachycardia and hypertension,
increasing myocardial oxygen consumption.
Stress hormones like cortisol and glucagon cause
insulin resistance, hyperglycemia, and alterations
in protein and fat metabolism. In the periopera-
tive setting, these changes can lead to severe
complications, including myocardial infarction,
venous thromboembolism, and postoperative
infection [12]. Without prevention or treatment,
sustained pain can increase sensitivity and
response, even without a stimulus, leading to
chronic pain development [12].

Importance and Significance of Pain
Control in Surgery

Considering the negative effects of perioperative
pain on patient morbidity and mortality, it is

imperative to establish effective pain manage-
ment methods in the preoperative setting.
Providers should consider all patient aspects,
including age, comorbidities, drug interactions,
frailty, allergies, pain history, individual percep-
tion, type and urgency of surgery, and discharge
plans.

Clinical Applications
and Techniques

Multimodal analgesia, introduced in 1993, lever-
ages the additive and/or synergistic effects of dif-
ferent analgesic classes. It involves diverse
analgesic medications and techniques targeting
various receptors and mechanisms within the
peripheral and central nervous systems to
enhance analgesia while mitigating individual
class-related side effects [13—15]. Research
shows that multimodal analgesia is more effec-
tive in pain management than singular interven-
tions and significantly reduces opioid
consumption [14—17]. This approach is routinely
integrated into Enhanced Recovery After Surgery
(ERAS) protocols to optimize postoperative out-
comes, enabling better anesthesia with fewer side
effects and quicker recovery [15]. Recognized as
the gold standard for perioperative pain control,
multimodal analgesia encompasses systemic
pharmacological therapy, regional anesthesia,
neuraxial anesthesia, and nonpharmacological
modalities [14].

Systemic Pharmacological Therapy

Common medications used in systemic pharma-
cological therapy include opioids, nonsteroidal
anti-inflammatory drugs (NSAIDs), cyclooxy-
genase-2 (COX-2) inhibitors, acetaminophen,
gabapentinoids, N-Methyl-D-aspartate (NMDA)
receptor antagonists (intravenous ketamine and
magnesium), and intravenous lidocaine. Oral
opioids are recommended over intravenous opi-
oids for postoperative pain control [14].
Preoperative use of opioids is not recommended
[14]. NSAIDs, including COX-2 inhibitors like
celecoxib, are a mainstay of any multimodal
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analgesic plan and can be as effective as opioids
in relieving pain [18, 19]. Small doses of these
medications can significantly reduce postopera-
tive pain levels and opioid consumption [16, 19,
20]. However, their usage is accompanied by
potential side effects, including heightened risks
of gastrointestinal bleeding, wound bleeding,
diminished kidney function, and concerns regard-
ing cardiovascular complications [18].

Acetaminophen is less potent than NSAIDs,
however, when combined, they provide effective
analgesia and are associated with less postopera-
tive pain and opioid consumption than with opi-
oids alone [14, 16, 18, 21]. Preoperative
administration of acetaminophen and gabapenti-
noids has been demonstrated to decrease postop-
erative pain, hospital stay duration, and
opioid-related side effects [18]. Giving gabapen-
tin and pregabalin prior to surgery can lower pain
scores and opioid consumption up to 24 h postop-
eratively [18, 22]. Most studies find IV ketamine
as an effective adjunct for pain control, showing
a decrease in pain, nausea, vomiting, and opioid
consumption postoperatively [14, 23, 24]. Some
recommend I'V ketamine be reserved for use only
in major surgeries and caution its use in the
elderly and cognitively impaired due to increased
risk of postoperative delirium, nightmares, and
hallucinations [14, 23, 24]. Alpha-2 agonists,
including dexmedetomidine and clonidine, have
shown promise in reducing postoperative pain
and opioid consumption when given in both the
preoperative setting and intraoperatively [25-28].
These medications have the added benefit of
decreasing postoperative delirium but can cause
bradycardia [25-28]. IV lidocaine has been most
thoroughly studied in open laparoscopic abdomi-
nal procedures and has shown promise in decreas-
ing pain after surgery and can shorten the duration
of surgical related ileus [29].

Regional and Neuraxial Anesthesia

Nerve blocks can be categorized into regional
and neuraxial. The anesthesia provider performs
a nerve block by injecting anesthetic around spe-
cific nerves or nerve bundles using landmarks

and/or ultrasonography. Nerve blocks can offer
targeted analgesia with fewer systemic side
effects, and research consistently shows a reduc-
tion in opioid consumption and pain scores. This
can lead to shorter hospital stays and enhanced
patient satisfaction [14, 30, 31]. Regional nerve
blocks are often used in surgeries involving
extremities, in thoracotomies, abdominal proce-
dures, breast procedures, and circumcisions.
Despite the potential advantages of peripheral
nerve blocks, there are inherent complications
such as infection, hematoma, and nerve damage,
although these are rare [14, 30, 31]. Overall, the
benefits of regional anesthesia outweigh safety
concerns in most major surgeries, highlighting
their pivotal role in modern pain management
strategies. Moreover, for patients who have mul-
tiple co-morbidities and who will not tolerate
general anesthesia, this technique can prove to be
invaluable.

Adjuvant Therapies

Preoperative rehabilitation or “prehabilitation” is
a term used to describe the practice of enhancing
a patient’s functional capacity before surgery. It
comprises  multidisciplinary  interventions,
including exercise, nutritional optimization, and
psychological preparation, designed to dampen
the metabolic response to surgery, shorten the
period of recovery, reduce complications, and
improve the quality of recovery and quality of
life [32]. Psychological interventions that may
aid prehabilitation include cognitive-behavioral
therapies, relaxation techniques, mindfulness-
based interventions, coping strategies, hypnosis,
and narrative medicine [32]. Music therapy is a
safe, inexpensive, simple tool that can be used for
postoperative pain from different types of surger-
ies [33-41] as well as relaxation techniques
[42-45].

Challenges and Considerations

Achieving successful treatment of postoperative
pain remains a challenge. Effective postoperative
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pain control starts with risk assessment and pre-
operative education, followed by a multimodal
intraoperative plan, and extends through postop-
erative management, education, and appropriate
discharge information.

Certain patient groups pose challenges in pain
management despite well-planned strategies.
These groups include pediatric and geriatric
patients, pregnant patients, opioid-tolerant patients,
patients with active substance use, and those with
kidney or liver disease. A multidisciplinary
approach involving anesthesiology, surgery, and
acute pain services is essential for achieving opti-
mal postoperative pain control for these patients.

High-risk patients should be screened preop-
eratively for potential pain management chal-
lenges. Those with active substance use disorders
undergoing surgery should be referred to mental
health, rehabilitation, or addiction specialists as
needed. Educating patients about expectations
before surgery is standard in every preoperative
surgical evaluation [46].

Chronic pain patients on buprenorphine,
methadone, or naltrexone also present chal-
lenges, especially in ambulatory surgery settings,
due to their increased postoperative opioid
requirements. Guidelines exist for managing
perioperative pain in these patients [47].

Whenever possible, surgeons should opt for
minimally invasive surgeries using nerve-sparing
techniques. Anesthesiologists should employ
regional anesthesia and deliver effective multi-
modal postoperative analgesia.

Future Directions and Research

Several risk factors for developing acute and
chronic postoperative pain have been identified.
Ongoing studies aim to determine potential
genetic, demographic, and clinical risk factors
for constructing prediction models. The goal is to
better stratify patients at risk for post-surgical
pain [48].

Oliceridine, a novel mu-opioid receptor ago-
nist and part of a new class of biased ligands,

preferentially activates one intracellular signal-
ing pathway over another, potentially limiting
opioid-related adverse events [49, 50]. In vivo
studies show Oliceridine is 4-10 times more
potent than morphine in achieving analgesia in
rats [49]. A Phase IV study is currently
underway.

Sublingual sufentanil, a thienyl derivative of
fentanyl, delivered via a patient-controlled hand-
held system, has shown promise. It is provided as
a 30-microgram sublingual tablet in a disposable
applicator for placement under the tongue [51,
52]. The sufentanil sublingual tablet system
(SSTS) has been approved for postoperative pain
management, offering good bioavailability, rapid
equilibrium attainment, elimination without
metabolites, rapid onset, and effective pain reduc-
tion [53, 54].

Virtual reality (VR), an immersive three-
dimensional experience, offers distraction from
pain through a multisensory environment of audi-
tory, visual, and proprioceptive stimuli [55]. A
systematic review and meta-analysis of eight ran-
domized controlled trials showed significant
improvements in postoperative satisfaction in
two studies, though it did not affect physiological
parameters related to pain in minor surgery [56].

Conclusion

Postoperative pain management is a persistent
challenge in modern medicine. Effective acute
pain treatment improves recovery times and pre-
vents chronic pain. Acute pain triggers a stress
response, releasing maladaptive hormones.
Multimodal analgesia, using various medications
and techniques, targets different receptors to
enhance pain relief while minimizing side effects.
Comprehensive pain control involves risk assess-
ment, preoperative education, a multimodal
intraoperative plan, and thorough postoperative
management and discharge education. This holis-
tic approach enhances patient outcomes and
satisfaction.
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Key Takeaways

. Postoperative pain management remains a

challenge in modern day medicine.

. Addressing and treating acute post-surgical

pain improves recovery times and mitigates
the development of chronic pain.

. Acute pain induces a stress response that release

catecholamines, cortisol, and glucagon, which
can all be maladaptive in certain settings.

. Multimodal analgesia utilizes multiple anal-

gesic medications and techniques to target
various receptors and mechanisms of action
within the peripheral and/or central nervous
system to enhance analgesia while mitigating
side effects.

Postoperative pain control begins with risk
assessment, followed by perioperative educa-
tion, then implementing a multimodal intra-
operative plan. Postoperative management,
education, and appropriate discharge informa-
tion is important as well.
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Understanding Pain Pathways:
Exploring the Biological

and Neurological Mechanisms
of Pain, Essential for Pain

Management

Andrew Sobczak and Yasmin Sritapan

Introduction

Pain is one of the most common reasons to seek
medical attention. It is described as an unpleasant
sensory and emotional experience associated
with, or resembling actual or potential tissue
damage (“IASP Announces Revised Definition
of Pain,” [5]). The experience of pain is variable,
making it challenging to objectively measure and
treat. Chronic pain can significantly impact a per-
son’s quality of life. It can profoundly affect a
person’s mental health and well-being, often
leading to anxiety, depression, and a sense of
despair.

Pain signaling involves neurotransmitters,
receptors, and ion channels that are essential for
transmitting and modulating pain signals and
perception. Understanding these pain pathways
is crucial for effective pain management, enabling
physicians to address the root cause of pain and
provide personalized treatment.

Neuroanatomy of Pain

The perception of pain involves interaction
between neural pathways and structures within
the nervous system. The nervous system is split

A. Sobczak - Y. Sritapan (D<)
University of Louisville, Louisville, KY, USA
e-mail: yasmin.sritapan @uofihealth.org

into two parts: the Central Nervous System
(CNS) and the Peripheral Nervous System (PNS).
The CNS comprises the brain and spinal cord for
processing and integrating information. The PNS
includes nerves extending from the CNS to parts
of the body providing sensory information to the
CNS.

The pain signaling pathway consists of four
elements: transduction, transmission, modula-
tion, and perception [2, 6].

Nociceptors: Primary Receptors
for Pain

Nociceptors serve as primary detectors of a vari-
ety of noxious stimuli and are located throughout
the body, from skin to viscera and dura.
Nociceptors can be categorized into two types
based on their response characteristics: A-delta
fibers and C fibers. A-delta fibers are myelinated
and transmit sharp, well-localized pain signals,
while C fibers are unmyelinated and transmit
dull, poorly localized pain signals [16].

Transduction occurs when a nociceptor is acti-
vated by a noxious stimulus. When activated, the
nociceptor produces electrical signals which are
transmitted to the CNS through nerve fibers. This
process is called transmission [2].
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Pathway for Signaling Pain

A receptor potential is generated when a nocicep-
tor is activated by a stimulus. If the receptor
potential is strong enough, it triggers the opening
of voltage-gated sodium channels, leading to the
generation of an action potential. Action poten-
tials then travel to second-order neurons in the
dorsal horn of the spinal cord. From the spinal
cord, the pain signal is transmitted to the thala-
mus and cerebral cortex for processing and per-
ception. The frequency and pattern of action
potentials generated provide information about
the intensity, duration, and location of the nox-
ious stimulus, which is part of the modulation of
pain signaling [4].

The spinothalamic tract is the main ascending
pathway responsible for transmitting pain signals to
the brain. The thalamus transmits the pain signals to
the somatosensory cortex. The limbic system,
which deals with emotions and memories, also
influences how we emotionally perceive pain [12].

In addition, there are descending pathways
that originate from the brainstem and release
neurotransmitters such as serotonin and norepi-
nephrine, which modify the transmission of pain
signals in the spinal cord. This descending modu-
lation plays a crucial role in the perception of
pain [12].

Neurotransmitters in Transmitting
Pain Signals

Neurotransmitters act as messengers that convey
signals between neurons and other cells in the
body. With regard to pain, neurotransmitters reg-
ulate pain signals traveling from areas of injury
or inflammation to the CNS. Various neurotrans-
mitters participate in transmitting pain signals
within the PNS and CNS. Any imbalance in their
activity can contribute to the onset and persis-
tence of pain conditions.

Glutamate serves as the main excitatory neu-
rotransmitter in the CNS by activating receptors
on second-order neurons in the spinal cord, lead-
ing to the transmission of pain signals to higher

brain regions. Disruption in glutamate signaling
has been linked to neuropathic pain.

Substance P is released by nociceptors when
exposed to stimuli and conveys pain messages by
activating receptors on second-order neurons
within the spinal cord. Elevated levels of sub-
stance P have been associated with inflammatory
pain.

Serotonin and norepinephrine play a role in
reducing pain signals by inhibiting their trans-
mission in the spinal cord. Medications like tricy-
clic antidepressants and serotonin-norepinephrine
reuptake inhibitors are prescribed for pain man-
agement, as they boost these neurotransmitters in
the body.

Endorphins are the body’s natural pain-
relieving substances. They block pain signals in
the nervous system. They are produced in
response to stress or pain and bind to receptors in
the brain and spinal cord to alleviate pain.
Opioids, which mimic endorphin effects, are
commonly used to treat pain [16].

Drugs that target neurotransmitter systems
involved in pain signaling, such as glutamate
antagonists, substance P antagonists, and
serotonin-norepinephrine reuptake inhibitors,
can help reduce pain sensitivity and improve pain
management in chronic pain conditions.
Additionally, nonpharmacological interventions,
including cognitive-behavioral therapy and acu-
puncture, can modulate neurotransmitter
signaling.

Inflammation and Pain

Inflammation is a process that helps the body
defend against injury and infection. One of the
significant aspects of the inflammatory response
is the release of inflammatory mediators such as
cytokines, chemokines, and prostaglandins,
which coordinate the immune response and
promote tissue repair. Inflammation increases
blood flow to the region, bringing cells and
inflammatory substances. While inflammation is
a part of healing, it can also contribute to pain
development [10].
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Inflammation can influence pain perception
by sensitizing nociceptors. Inflammatory media-
tors, such as prostaglandins and bradykinin,
decrease the threshold for activating pain recep-
tors, leading to heightened sensitivity to pain.
Prostaglandins can also enhance the effects of
other inflammatory mediators, such as bradyki-
nin and histamine, further intensifying the inflam-
matory response and pain perception [10].

Histamine is released by mast cells in response
to injury or allergens. Histamine plays a role in
promoting blood vessel dilation and increasing
permeability, contributing to inflammation symp-
toms such as redness and swelling and conveys
the sensation of pain to the brain [10].

Inflammation can also trigger the release of
neuropeptides, like substance P and calcitonin
gene-related peptide (CGRP) from nociceptors.
These neuropeptides contribute to inflammation
leading to increased vasodilation and vascular
permeability, which intensify the response and
perception of pain [10].

Recognizing how inflammation influences
pain is crucial for managing pain. Medications
that target inflammation, such as nonsteroidal
anti-inflammatory drugs (NSAIDs) and cortico-
steroids, can help reduce inflammation and
relieve pain. NSAIDs work by blocking cyclo-
oxygenase, which is responsible for the produc-
tion of prostaglandins. By lowering
prostaglandin levels, NSAIDs decrease both
inflammation and pain.

Antihistamines function by counteracting the
effects of histamines, thereby reducing inflam-
mation and easing symptoms like itching and
swelling. While antihistamines are not typically
used as pain relievers, they can be beneficial in
inflammatory conditions with significant hista-
mine release.

Aside from medication, physical therapy,
acupuncture, and other complementary therapies
may help decrease inflammation and enhance
pain relief. Lifestyle modifications, such as
maintaining a healthy weight and avoiding
inflammatory foods, can help reduce inflamma-
tion and pain.

Sensitization

Sensitization of nociceptors is a process in which
responsiveness to stimuli is enhanced, which can
lead to increased pain perception even in the
absence of ongoing tissue damage. Nociceptor
sensitization can occur through peripheral sensi-
tization and central sensitization.

Peripheral Sensitization

Peripheral sensitization refers to the increased
sensitivity of nociceptors in the PNS, causing an
intensification of pain signals. This phenomenon
plays a role in the onset and persistence of pain;
therefore, it is a focus for pain management strat-
egies [13].

The interplay of molecular mechanisms within
nociceptors and surrounding tissues is involved
in peripheral sensitization. This can occur
through the release of inflammatory substances
like prostaglandins and bradykinin that lower the
activation threshold of nociceptors. Further,
alterations in ion channel expression or function
on nociceptors may occur, leading to heightened
excitability and increased sensitivity to stimuli
[15].

Targeting the pathways involved in sensitiza-
tion, such as inflammatory agents or neuropep-
tides, can help reduce sensitivity to pain and
alleviate symptoms. For example, NSAIDs can
decrease inflammation and the release of inflam-
matory agents, and medications focusing on neu-
ropeptides like CGRP antagonists can help lessen
neurogenic inflammation.

Central Sensitization

Central sensitization refers to an intensification
of pain signals within the central nervous system
(CNS). This occurs when neurons in the spinal
cord and brainstem become hyperexcitable, alter-
ing the transmission of pain signals between syn-
apses. Hyperalgesia, an increased sensitivity to
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painful stimuli, and allodynia, the perception of
pain in response to non-painful stimuli, are char-
acteristic features of this phenomenon [13].

Central sensitization can lead to a decreased
pain threshold and an escalation in the intensity
and duration of pain. A significant factor behind
sensitization is the activation of N-methyl-D-
aspartate (NMDA) receptors within the spinal
cord. These glutamate receptors play a critical
role in transmitting pain signals. Intense nocicep-
tive input can result in prolonged NMDA recep-
tor activation, increasing neuronal excitability in
the spinal cord and amplifying pain signaling [9].

Another component of sensitization involves
the activation of glial cells, specifically microglia
and astrocytes, within the CNS. These glial cells,
which are involved in immune responses in the
CNS, can release inflammatory mediators and
neurotrophic factors that contribute to neuronal
sensitization and enhanced pain signaling.

Central sensitization plays a significant role in
the transition from acute to chronic pain. Acute
pain is a response to tissue damage or inflamma-
tion and is usually self-resolving. However, per-
sistent or intense nociceptive input associated
with acute pain can lead to sensitization and the
development of chronic pain [3].

By targeting the molecules and pathways
involved in nociceptor sensitization, such as inflam-
matory mediators and ion channels, it is possible to
reduce sensitivity to pain and alleviate symptoms.
Pharmaceutical interventions such as NSAIDs,
TRPV1 antagonists, and opioids are used to target
nociceptor sensitization. Additionally, medications
that modulate sensitization, such as gabapentinoids
or NMDA antagonists, are effective in managing
chronic pain conditions. Non-pharmaceutical
methods, like acupuncture and cognitive-behav-
ioral therapy, are also beneficial for managing pain
by regulating central pain processing.

Neuroplasticity and Neuronal
Hyperexcitability

Neuroplasticity is the brain’s ability to reorganize
itself by forming connections in response to
learning,  experiences, or injury  [4].
Neuroplasticity also plays a role in the develop-

ment and persistence of pain conditions. For
example, increased expression of receptors and
ion channels on neurons involved in transmitting
pain signals leads to sensitization. In chronic
pain, there may be an elevation in NMDA recep-
tor levels leading to central sensitization and
amplification of pain [11].

Additionally, neuroplasticity can alter synap-
tic transmission. Synaptic plasticity refers to
changes in the effectiveness of connections
between neurons. There may be enhanced excit-
atory synapse strength or reduced inhibitory syn-
apse strength, leading to heightened neuronal
excitability and amplified pain [8].

Pain Modulation

Pain modulation refers to how the nervous sys-
tem regulates and controls the intensity and per-
ception of pain via excitatory and inhibitory
mechanisms. Descending pathways from the
brainstem release neurotransmitters that either
inhibit or facilitate pain signal transmission in the
spinal cord. The periaqueductal gray (PAG) and
rostral ventromedial medulla (RVM) descending
spinal cord pathway is an essential pathway for
pain modulation. The PAG is part of the opioid
system, which blocks pain signals by releasing
endorphins and enkephalins. The RVM can block
or enhance pain signals based on the neurotrans-
mitters released. For instance, serotonin and nor-
epinephrine release inhibits pain signals, while
glutamate release enhances them [17].

Gate Control Theory of Pain

Gate control theory proposes that pain is not a
direct response to nociceptive input but rather a
complex interplay involving sensory, emotional,
and cognitive factors. This theory postulates that
a “gate” within the spinal cord controls the flow
of pain signals to the brain. This system can open
up, allowing pain signals to reach the brain, or
close off, blocking the transmission of pain sig-
nals. The operation of this gate is regulated by a
network of excitatory and inhibitory neurons in
the spinal cord [4].
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According to the theory, factors like height-
ened activity due to anxiety, stress, or inflamma-
tion can open up the gate, resulting in increased
sensitivity to pain. Conversely, non-nociceptive
inputs can trigger neurons that shut down the
gate, limiting pain signal transmission. This
implies that non-pharmacological methods such
as relaxation techniques, behavioral therapy, and
physical therapy can effectively influence pain
perception by closing off the gate and decreasing
pain signal transmission.

The gate control theory emphasizes the impor-
tance of an individual’s psychological state and
surroundings. Creating a supportive atmosphere
may help alleviate stress and anxiety, ultimately
closing off the gate and reducing perceived pain
levels.

New Treatment Approaches

Recent methods for treating long-term pain are
aimed at pain pathways for efficient relief.

One method targets inflammatory pain path-
ways. Monoclonal antibodies that target pro-
inflammatory cytokines like tumor necrosis factor
alpha or interleukin-6 have proven effective in
alleviating inflammation in conditions such as
arthritis and inflammatory bowel disease [7].

Neuromodulation treatments use magnetic
stimulation to regulate specific neural pathways
associated with transmitting pain. Spinal cord
stimulation entails placing electrodes along the
spinal cord to send electrical pulses that disrupt
pain signals. Similarly, transcranial magnetic
stimulation focuses on brain regions involved in
processing pain. These show potential in easing
neuropathic pain and complex regional pain syn-
drome [1].

Progress in comprehending the role of ion
channels and receptors in transmitting pain has
led to the creation of treatments that target these
channels and receptors. For example, there are
promising results for drugs targeting subtypes of
voltage-gated sodium channels, such as Nav1.7.
New drugs that focus on types of opioid receptors
offer more precise pain relief and fewer side
effects compared to traditional opioids [14].

Another novel method is gene therapy, which
targets the production of opioid peptides or anti-
inflammatory cytokines and has demonstrated
potential in initial studies. Gene therapy may
deliver lasting pain relief through a single
treatment.

Novel treatments concentrating on pain path-
ways have the potential to transform pain man-
agement by offering more precise and efficient
therapies with reduced side effects. More research
is necessary for increased understanding and
application of these therapies.

Challenges and Future Directions

Present Challenges in Unraveling
Pain Pathways

Despite advancements in understanding the
mechanisms behind pain, significant hurdles and
gaps remain in our comprehension of pain
pathways.

One major obstacle is the inherent subjectivity
of pain. Pain perception is influenced by factors
such as genetics, past experiences, cultural back-
ground, and emotional well-being, making it dif-
ficult to quantify and study pain objectively.

Furthermore, the intricate nature of pain path-
ways, which involves multiple layers of process-
ing, adds to the complexity. Pain signals travel
from the periphery to the spinal cord and then to
the brain for further processing. This complexity
makes it challenging to pinpoint specific mecha-
nisms involved in pain transmission and
modulation.

Future Prospects

Progress on brain imaging methods, such as
functional magnetic resonance imaging (fMRI)
and positron emission tomography (PET), can
aid in understanding the specific brain areas
responsible for processing pain. Further, research
on micro-RNAs can offer information on mole-
cules and genetic elements that impact pain sen-
sitivity, potentially offering clues for treatment.
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Key Takeaways

1. Pain signaling consists of neurotransmitters,
receptors and ion channels that play roles in
pain signal transmission and perception.

2. Pain signaling pathway consists of four ele-
ments: transduction, transmission, modula-
tion, and perception.

3. Nociceptors serve as primary detectors of a
variety of noxious stimuli and are located
throughout the body, from skin to viscera to
dura.

4. Transmission is the process in which the elec-
trical signals from the nociceptors are trans-
mitted to the central nervous system.

5. The frequency and pattern of action potentials
generated provides information about the
intensity, duration, and location of the nox-
ious stimulus, which is part of the modulation
and perception of the pain signaling.

6. The spinothalamic tract is the main ascending
pathway responsible for transmitting pain sig-
nals to the brain.

7. Sensitization of nociceptors is a process in
which responsiveness to stimuli is enhanced,
which can lead to increased pain perception
even in the absence of ongoing tissue
damage.
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Introduction

The perioperative assessment of pain trajectory
should be considered in the prevention of severe
acute pain and the transition to chronic post-
surgical pain (CPSP). Acute post-surgical pain is
a normal physiological response to the tissue
injury caused by surgery. In general, this pain is
expected to last about seven days and, at most,
2—4 weeks [1-3]. When acute pain lasts for more
than a month after surgery, there is a concern that
acute post-surgical pain may transition to CPSP
[4, 5]. Although the definition of CPSP has
become more elaborate over the past two decades,
the most current definition states: “Chronic post-
surgical pain is pain developing after a surgical
procedure and persisting beyond the healing pro-
cess, i.e., at least 3 months after surgery. The pain
is either localized to the surgical field, projected
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to the innervation territory of a nerve situated in
this area, or referred to a dermatome (after sur-
gery/injury to deep somatic or visceral tissues).
Other causes of pain including infection, malig-
nancy, etc. need to be excluded as well as pain
continuing from a preexisting pain problem” [5].

CPSP may account for one-fifth of the
prevalence of chronic in the community [6].
Considering the volume of surgical procedures
across the globe, CPSP represents a real public
health issue with significant social and economic
consequences [7]. Thus, proper utilization of
pain assessment tools and risk stratification plays
a critical role in the preoperative optimization
and comprehensive approach to perioperative
pain management. Table 3.1 shows the incidence
of CPSP in common surgeries performed across
the globe [8, 9].
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Table 3.1 Incidence of CPSP based on surgery type

Surgery type Incidence of CPSP
Amputation 30-85% 5-10%
Caesarean delivery 6-55% 5-10%
Inguinal hernia repair 5-63% 2-4%
Total knee arthroplasty 13-44% 15%
Total hip arthroplasty 7-23% 6%
Mastectomy 11-57% 5-10%
Thoracotomy 5-65% 10%

Adapted from [8, 9]

Fundamentals of Pain Assessment

It is necessary to gather baseline information
about the timing, location, intensity, quality,
aggravating factors, alleviating factors, and
prior treatments for the pain, as well as to per-
form a focused physical examination. In addi-
tion, itisimportant to ascertain the psychological
(i.e., mood disorders, substance abuse disor-
ders, posttraumatic stress disorder, and other
psychiatric domains) and the social contexts
(i.e., poverty, education, culture, support, and
other social domains) in which the pain occurs.
Lastly, it is critical to assess patient expecta-
tions, pain experience, the severity of preexist-
ing pain at the surgical site, the presence of pain
problems elsewhere, and the presence of dis-
ability due to pain.

Pain Quality

Surgical patients often present with preexisting
pain at the surgical site and chronic pain prob-
lems elsewhere in the preoperative period.
Identifying a baseline of nociceptive and neuro-
pathic pain characteristics allows for surveillance
of pain syndromes as they evolve in the periop-
erative period. Nociceptive pain represents a pre-
dictable response to tissue injury and is
characterized by aching and/or sharp pain. If the
pain is in the immediate vicinity of an injury to a
musculoskeletal component or the skin, it is
defined as somatic nociceptive pain. If the injury
involves a visceral organ and is poorly localized
from the injury, it is termed visceral nociceptive
pain. Neuropathic pain, in contrast, represents an

Incidence of severe CPSP

Percentage of Neuropathic CPSP
80%

50%

80%

6%

1-2%

65%

10%

unpredictable response to tissue injury.
Neuropathic pain is characterized by burning,
tingling, electrical shocks, sensory loss, and
spontaneous pain, often evoked by normal stim-
uli (i.e., allodynia) or enhanced by painful stimuli
(i.e., hyperalgesia) [10]. Acute pain can be a mix-
ture of somatic, visceral, and neuropathic pain.

Unidimensional Tools

Pain intensity is the most commonly assessed
component of pain in the clinical setting, with
the numerical rating scale (NRS), verbal rating
scale (VRS), and visual analog scale (VAS)
being the most prominently used self-reported
pain tools [11]. The ease of administration is the
greatest strength of these unidimensional tools
of pain intensity. However, because these unidi-
mensional pain assessment tools only measure
pain intensity, they have been shown to be lim-
ited in the ability to predict how patients do clin-
ically as it relates to response to therapy and
function [12-14].

Multidimensional Pain Assessment
Tools

Multidimensional pain assessment tools were
created in response to the limitations of unidi-
mensional pain assessment tools. The most vali-
dated multidimensional pain tools used in the
perioperative setting include the McGill Pain
Questionnaire (MPQ) and the Brief Pain
Inventory (BPI). Short forms of both MPQ and
BPI were developed to ease administration in the
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clinical setting [15, 16]. The MPQ assesses sen-
sory, emotional, and cognitive components of
pain experience, and has been shown to be
responsive to therapeutic interventions in many
different pain populations [15, 17-22]. The BPI
assesses pain severity and its impact on function-
ing and sleep and has also been shown to be use-
ful for evaluating pain in many different types of
post-surgical and other chronic pain populations
[23-27].

Most patients are willing to accept pain, but
the acceptability of pain and how it affects physi-
cal function in the immediate postoperative
period needs emphasis during preop assessment.
Setting reasonable expectations or goals is impor-
tant to individualize treatment [34]. To improve
perioperative outcomes, it is important to opti-
mize patients early and continue to assess pain
trajectory in the postoperative period [35]. The
Patient-Reported Outcome Measurement
Information Scores (PROMIS) are relatively new
multidimensional pain tools that assess pain in
the context of physical function, sleep, mental
health, social health, pain interference, and other
domains [28]. PROMIS scores have been proven
to be valuable in predicting post operative pain
and other pain-related outcomes, particularly in
both spine and joint replacement surgery [29-33].

Tools Assessing Psychiatric
Comorbidity

Several psychological factors have been consis-
tently associated with pain-related outcomes,
including those related to CPSP. The Pain
Catastrophizing Scale (PCS), the
Multidimensional Affect Pain Survey (MAPS),
the Hospital Anxiety and Depression Scale
(HADS), and the State-Trait Anxiety Inventory
are commonly used tools clinically and for clini-
cal research. Pain catastrophizing results in nega-
tive emotional and cognitive responses to actual
or potential pain, resulting in unrealistic expecta-
tions. Scores on the PCS have been shown to pre-
dict CPSP across many different surgeries,
including mastectomy, cesarean delivery, abdom-
inal surgery, spine surgery, orthopedic surgery,

and cardiac surgery [36—44]. The MAPS, which
evaluates both somatosensory and affective com-
ponents of pain, has been shown to predict post
operative opioid requirement after colectomy
when administered preoperatively [45]. Lastly,
anxiety-targeted assessment tools, such as the
HADS and the State Trait Anxiety Inventory,
have been shown to predict the severity of acute
post operative pain and CPSP [40, 44, 46, 47].

Challenges with Assessment Tools

Pain, by definition, is very much a subjective
experience, which makes objectively measuring
and assessing pain difficult. Easy-to-administer
unidimensional tools have essentially tried to
objectify the subjective pain experience, with lit-
tle ability to impact pain-related outcomes.
Although more difficult to administer, multidi-
mensional tools include subjective components
in the assessment of perioperative pain, the com-
plex interactions between biological, psychologi-
cal, and social factors have unmasked even more
challenges in choosing which determinants
require the most resources and interventions.
Unfortunately, the use of these tools preopera-
tively has done little to reduce the burden of
CPSP in the population [48].

Risk Stratification
Biopsychosocial Model of CPSP

The newest International Association for the
Study of Pain (IASP) definition of pain demon-
strates a commitment to the biopsychosocial
model [49]. The biopsychosocial model of
chronic pain acknowledges that the pain experi-
ence is influenced by biological, psychological,
and social factors. Table 3.2 shows a non-
exhaustive list of known and suspected biologi-
cal, psychological, and social determinants of
CPSP. Biological, psychological, and social
determinants are inextricably linked to the inci-
dence of CPSP (Fig. 3.1).


R
New Stamp


22

C. C. Twyner and K. Vorenkamp

Table 3.2 Biological, Psychological, and Social determinants of CPSP

Biological Psychological Social

Age <50 Anxiety Education

Female sex Depression Socioeconomic status
Surgery (i.e., type, revision) Pain catastrophizing Race/ethnicity
Trauma Coping skills Culture

Cancer Personality Health policy
Preoperative pain Attitudes Solicitous response to pain
Poorly controlled acute pain Expectations Stigma

Medications Emotions Secondary gain
Genetics Learning Support/relationships
Infection Substance use disorder and dependence Insurance

Radiation Post-traumatic stress disorder Built environment
Fig. 3.1

Biopsychosocial Model

of CPSP

Age and Gender Type of Surgery

Across many different surgical populations,
including abdominal, gynecological, orthopedic,
and cardiothoracic surgeries, age and gender
have been associated with an increased risk for
developing CPSP [8, 9, 50-56]. The reasons
behind older age being a protective factor as it
relates to chronic post-surgical pain are not
known, but it may be related to an aging nocicep-
tive system. The reasons behind female sex being
more prone to developing CPSP are also not well
understood but may be a combination of biologi-
cal, psychological, and social factors that are
more prevalent in women than men.

The incidence of CPSP varies across many surgi-
cal types, with those surgeries with known or
highly suspected direct nerve trauma (i.e., ampu-
tation, mastectomy, thoracotomy, and joint
replacement) being shown to have the greatest
incidence of both CPSP and the greatest inci-
dence of CPSP with a strong neuropathic compo-
nent [9]. In addition, longer surgeries and revision
surgeries not only predict a greater incidence of
CPSP but also a propensity for neuropathic pain
(Table 3.1) [9].
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Perioperative Pain and Opioid Use

Preoperative pain at the surgical site and/or other
locations is associated with severe acute pain
and/or CPSP [52, 54, 57-62]. Preoperative opi-
oid use may be more or less a confounding factor
as it relates to predicting severe acute pain and/
or CPSP [63]. The severity of post operative
pain, both acute (i.e., less than 2 weeks) and sub-
acute (i.e., between 2 and 12 weeks, postopera-
tively), has been shown to predict the
development of CPSP [57, 64—68]. Nevertheless,
preoperative pain, whether at the surgical site or
elsewhere, postoperative pain, and preoperative
opioid use may represent altered pain processing
in the form of peripheral and/or central sentisit-
zation [69, 70].

Genetic Factors

Despite many publications, the impact of identi-
fying genetic risk factors preoperatively to pre-
vent severe acute pain or the development of
CPSP is not well known [71].

Psychological Risk Factors

Preoperative psychiatric comorbidity has been
associated with both severe acute pain and the
development of CPSP. Preoperative anxiety,
depression, and pain catastrophizing have been
consistently associated with the development of
CPSP across many types of surgeries [36—44,
72-76].

Social Risk Factors

The investigation of social factors on severe acute
postoperative pain and CPSP has lagged the
search for biological and psychological factors.
In fact, prediction models for CPSP tended not to
include social factors. Nevertheless, low socio-
economic status, nonwhite race, and lower edu-
cational status have been associated with
preoperative opioid use, longer opioid use after

surgery, and high impact chronic pain after sur-
gery [77-80].

Challenges with Risk Factors
and Predictions Tools

Many of the challenges with preoperative assess-
ment and risk stratification for post operative
pain stems from methodological issues in clinical
research in this domain. For instance, there have
been 3 iterations of the definition of CPSP over
the past decade, which could impact the preva-
lence of CPSP over time [4, 5, 81]. In addition,
much of this is probably related to most studies
using prediction tools that have had small sample
sizes, lacked external validity, and had inconsis-
tent definitions of psychological determinants
[48]. Yet another example has been the use of
c-statistics in predictive models, which predict
the outcomes in individuals, not in populatons
[52, 57, 82]. In other words, it may be more fruit-
ful to predict outcomes by determining the causes
of incidence in CPSP populations (i.e., popula-
tion health science approach) versus the cause of
individual cases of CPSP [83].

Clinical Scenario

A 48-year-old woman is referred by her orthope-
dic surgeon for perioperative optimization before
right knee revision arthroplasty. She reports 9/10
pain at rest and 10/10 pain with activity, which is
limited. Her medications include gabapentin
600 mg every 8 hours and oxycodone 10 mg
every 6 hours. Intake questionnaires reveal 10/10
points on the function domains of the BPI short
form (i.e., severe functional impairment) and a
pain catastrophizing score (PCS) of 39. Her exam
is significant for a BMI of 37, allodynia over the
prior surgical incision, and limited range of
motion (ROM) with knee flexion and extension
due to pain and fear of pain (kinesiophobia).
There is atrophy of the right thigh and calf com-
pared with the left. She ambulates with the use of
a cane. She continues to smoke ¥2 pack per day of
cigarettes but is trying to quit. She is very ner-
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vous about the upcoming surgery and has been
delaying it for years.

You note many concerns for the worsening of
her chronic pain and difficulty controlling acute
postoperative pain. After discussion with the
patient and her surgeon, you agree to delay sur-
gery to improve her baseline condition prior to
surgery. You refer her to pain psychology for cog-
nitive behavioral therapy (CBT), biofeedback,
and pain coping skills after noting her elevated
PCS score and kinesiophobia. You also refer her
to the tobacco cessation program, and the sur-
geon reinforces that they will not operate until
the patient has demonstrated evidence of smok-
ing cessation. Additionally, the patient is report-
ing a loss of benefit from the gabapentin, and you
rotate to pregabalin and add a topical lidocaine
cream and encourage regular use and massaging
of her incision area for desensitization. You also
refer to physical therapy, starting with a water-
based regimen and a progressive increase in her
home exercise program to regain strength and
ROM.

After 3 months of ongoing treatment, the
patient is reporting improvement. Her pain score
at rest is now 7/10, but it is still 10/10 with activ-
ity. However, she is now ambulating without the
use of a cane and can walk 500 yards without
stopping. She has not had a cigarette or nicotine-
containing product in 6 weeks and has lost 7
pounds. She continues to do a directed home
exercise program for 10 min, twice daily, 5 days/
week, and meets weekly with her physical thera-
pist. Her ODI has reduced to 22 (moderate dis-
ability), and her PCS has reduced to 25. Her
allodynia has improved, and she feels prepared to
schedule her surgery in 2-3 months.

Areas of Future Research

Prediction tools for CPSP need further study, and
inclusion of social factors as well as population
health science research methodologies may be of
some benefit. In addition, studies assessing risk
stratification and response to treating or remov-
ing that risk factor must occur.

Key Takeaways

1. CPSP s areal public health problem, account-
ing for at least 20% of chronic pain in most
communities.

2. A biopsychosocial approach to preoperative
assessment and risk stratification is critical for
allocating resources to determinants of CPSP
that can be treated or removed in the periop-
erative period.

3. Preoperative pain at the surgical site, preop-
erative pain elsewhere, young age, female
gender, poorly controlled acute pain, and type
of surgery represent the most studied biologi-
cal determinants for CPSP.

4. Pain catastrophizing and anxiety are the most
potent psychological determinants of CPSP.

5. Although less well studied, socioeconomic
status, education, and race have been associ-
ated with disabling CPSP. Prediction models
may benefit from including social determi-
nants as well as a population health science
approach.
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in Preoperative Pain Control:
Examines Various Approaches

for Managing Pain Prior to Surgery

Bassam Farhat and Lakshmi N. Kurnutala

Introduction

Preoperative pain management and patient edu-
cation are critical aspects of patient care. Its main
goal is to minimize discomfort and improve the
overall perioperative experience, enhancing sat-
isfaction and contributing to better postoperative
outcomes [1-3]. With recent advances and imple-
mentation of multiple enhanced recovery proto-
cols (ERP), optimization of preoperative pain
with different approaches (pharmacologic and
non-pharmacologic) has became a priority, given
the financial burdens, functional impairment,
opioid-related adverse events (ORAE) [3-9], and
psychological impact on patients.

Background and Current
Understanding

Pain is a subjective, complex, multidimensional
experience (sensory-discriminative, affective-
motivational, and cognitive-evaluative). The
interplay among these components was histori-
cally described by Melzack and Casey in 1968,
highlighting the concept of pain perception, the
importance of psychophysiological interactions,
and how the patient reflects on it [10].
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In the past, pain was highly undertreated (up
to 80% in some settings) [11], and its health care,
compensation, and litigation costs in the United
States of America (USA) have reached more than
$100 billion (about $310 per person in the US)
each year [3-5]. Pain was officially declared as
the “fifth vital sign,” emphasizing the importance
of adequate pain control [11].

Opioids have been heavily prescribed in the
past five decades in response to the challenges
mentioned above, hoping to provide a better
quality of life. However, it has unfortunately led
to an opioid crisis in the USA due to misuse,
abuse, and diversion [8, 12, 13].

Poor pain control remains an important and
common reason for readmission postoperatively
[14, 15], in addition to experiencing the adverse
effects of opioids. It leads to central sensitization
and plasticity, aggravating the pain experience
and making it more challenging to treat.

Keeping up with the advances in technology
and surgical approaches, the world has headed
towards fast-track surgery [1, 16—18]. The enhanced
recovery protocols (ERP), use of multimodal anal-
gesia (MMA), and opioid stewardship became
“the new motto” and gold standard for the treat-
ment and prevention of acute postoperative pain [2,
6, 7, 19-22]. This highlights the importance of pre-
emptive analgesia and having a tailored pain man-
agement plan that starts preoperatively, continues
intraoperatively, and extends to the post-discharge
phase, i.e., the EXIT plan [9, 23-27].
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Clinical Applications
and Techniques

Preoperative patient education was not empha-
sized in the past, which led to suboptimal out-
comes in terms of satisfaction, pain control,
increased rates of readmission, presentation to
urgent care clinics at frequent intervals, and
increased financial burdens [15].

Starting with the preadmission phase, at the
preoperative anesthesia clinic visit, a thorough
history should be taken, including:

— Past medical history (PMH), including but not
limited to diabetes with long-term complica-
tions, arthropathies, spine abnormalities, mus-
culoskeletal disorders, maxillo-fascial
disorders, and organic causes related to spe-
cific diseases (for example, sickle cell disease
with Vaso-occlusive crisis).

— Psychosocial history assessment [28], using
standardized tools, highlighting any substance
use disorder [12, 13] (SUD—including alco-
hol, benzodiazepines, opioids, and recreational
substances) and poor coping strategies.

— Documentation of previous opioid-related
adverse events (ORAE) based on O-NET sta-
tus (opioid-naive, exposed vs. tolerant status)
[8, 29, 30], prior history of self-harm or sui-
cide attempts is essential. Appropriate refer-
rals to pain psychology or psychiatry
specialists should be made when indicated.

— Understanding the patients' support system
and access to resources for help.

— Exploration of patients' financial challenges,
ability to follow up with providers, commit-
ment to a healthcare plan, and willingness to
engage are critical.

— Past surgical history, including but not limited
to any residual functional impairment,
motor or sensory deficits related to previous
spine or joint surgeries.

— Careful and detailed pain assessment should
be done preoperatively and on the day of sur-
gery [31, 32].

— Medication reconciliation, including but not
limited to psychologic medications, pain med-
ications (opioids and non-opioids), consulta-

tion with PDMP (prescription drug monitoring
program), hospital pharmacy [27], and pre-
scribing provider for further guidance on
patients taking medications for chronic pain
(methadone, buprenorphine, suboxone, nalox-
one) [28, 32].

It could be overwhelming for patients to pre-
pare for surgery [33, 34], and they might not have
enough time to ask all the questions. It entails a
lot of stress accepting the diagnosis, the need for
surgery, the psychological impact, fear of the
unknown, and what’s coming next. Not to men-
tion the financial aspect and the need to go
through the lengthy paperwork process, labora-
tory testing, and lifestyle changes that will
follow.

Providing adequate education to the patient is
vital for building a strong rapport based on trust.
It is also essential to educate the caretaker during
the preoperative anesthesia clinic visit [35]. The
most cited reasons for presentation to urgent care
or readmission in the postoperative period were
related to inadequate knowledge, not providing
detailed printout instructions, and not taking
medications as prescribed due to misconceptions
or fear of addiction [36].

Failure to set expectations is another crucial
pitfall that providers often face. After adequate
history taking, the preoperative visit to the
anesthesia clinic is the best time to familiarize the
patient with the current baseline status (“where
we are””), what the surgery entails in terms of pain
(“what’s most likely going to happen”), what we
can offer to help (“what could be done” or the
PLAN), and how things are expected to play out
after (“what’s on the horizon”). It’s critical to
explain that there is no perfect plan and that the
plan is fluid and can change depending on the
patient’s clinical status and response.

Defining the comfort goal comes next. Pain, in
some instances, cannot be eliminated or brought
down to zero. Our goal is to return to the baseline
status before surgery in terms of pain control,
where we don’t focus on pain assessment as a
raw score but on the functional status instead.
The patient would resume activities of daily life
(compared to baseline) and gradually meet his
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recovery goals, as defined by a multidisciplinary
team approach. So, patients have different pain
tolerance levels and could live a typical day at
variable pain scores.

In a culturally sensitive approach, shared
decision-making and involvement of the
patient and caretaker in the discussion pave the
way for more successful preoperative planning,
reduce anxiety levels, answer questions, and
address concerns [25]. Presenting patients with
expert recommendations and choices and
explaining the benefits, risks, and alternatives
makes them feel they are in safe hands, have con-
trol over the process, and can confidently choose
the care they are seeking. The use of patient-
controlled analgesia (PCA) pumps, when indi-
cated, is one example that improved patients'
pain control and satisfaction.

Providers must be mindful of the language
barriers and cognitive impairment that might pre-
vent the patient and caretaker from properly
understanding or engaging in the discussion [37,
38]. When necessary, it is helpful to use the
“repeat-back” strategy to reinforce concepts and
avoid miscommunication or misunderstanding.

Thus, careful preoperative risk stratification is
vital to formulate a successful, individualized
plan using a patient-centered approach. All of
this falls under the “prehabilitation” paradigm for
surgical readiness [28, 30, 34, 39].

Evidence-Based Practices

Advances in technology have facilitated fast-
track surgery [1, 16—18]. The use of minimally
invasive approaches (laparoscopy, robotic sur-
gery when deemed appropriate for specific candi-
dates) and increased incorporation of ultrasound
(for insertion of lines, nerve blocks, Point of
Care (POCUS), Focused Assessment with
Sonography in Trauma (FAST), and goal-directed
therapy) have revamped the clinical manage-
ment, providing more suitable, individualized,
cost-effective options, and successful periopera-
tive plans. This has resulted in optimizing patient
care, minimizing the adverse effects, decreasing
opioid burden, reducing financial costs, and

length of hospital stay, and increasing efficiency
in ambulatory settings.

Some recommendations favor certain prac-
tices, but most are institution-specific and could
be tailored based on need, patient tolerance, and
expectations [7, 29, 40]. The combination that
yields the best outcome is yet to be discovered,
and what works for a specific patient or surgery
might not work for another surgery in the same
category (e.g., laminectomy vs. spine fusion)
[41]. These could be divided into pharmacologic
and non-pharmacologic:

Pharmacologic

ERP pathways (colorectal, spine, cardio-thoracic,
etc.)

It encourages the use of MMA [19, 42], starting
in the preoperative area (oral paracetamol,
NSAIDs, gabapentinoids, etc.). Also, it aims to
maintain carbohydrate intake (clear liquids) until
2 hours before surgery and have patients present as
euvolemic as possible. Moreover, it embraces the
use of regional nerve blocks (single-shot vs. cath-
eter) [31, 43] and opioid-sparing techniques intra-
operatively with the incorporation of adjuvants
(ketamine, alpha-2 agonists dexmedetomidine,
lidocaine infusions, surgical infiltration by the sur-
geon, and dexamethasone) [16, 23, 44].

An important postoperative educational key
involves writing down rescue medications and
daily recovery plan goals on a board accessible to
the patient, for continued education and rein-
forcement of the concept.

Besides, it emphasizes continuing home med-
ications after careful reconciliation for possible
interactions (including tricyclic anti depressants,
serotonin-norepinephrine reuptake inhibitors,
muscle relaxants, etc.), while minimizing and
limiting opioid use to rescue only [42, 45].
Detailed printout instructions, resources, and
necessary prescriptions are provided and
explained to the patient and caretaker, including
opioid weaning and disposal [30, 46]. The EXIT
plan should include follow-up phone calls or vir-
tual appointments in the first postoperative week
[23-25].
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Non-pharmacologic

It starts with fast-track extubation at the end of
surgery or after arrival to a highly monitored care
setting. Also, it encourages postoperative incen-
tive spirometer use, early ambulation, and removal
of unnecessary lines as soon as possible.

Besides, there is evidence that favors early
postoperative oral fluid intake, which decreases
nausea, vomiting, and the need for opioids [47].
Many approaches have strongly impacted pain
perception and the overall perioperative experi-
ence [20, 48]. These include but are not limited to:

— Environmental: sleep hygiene, light, music
therapy, comfort items.

— Behavioral: mindfulness meditation, art and
music therapy, audio-visual distraction,
breathing exercises. It mayt need to be started
up to four weeks preoperatively [28, 49].

— Physical: Ice or heat packs, stress ball, reposi-
tioning, physical therapy, massage, acupunc-
ture, tai chi, yoga, nutritional counseling,
activities (hobbies, leisure, emotional pet
visitation).

— Psychological [33, 34, 49-51]: cognitive-
behavioral therapy (CBT), acceptance and
commitment therapy (ACT).

— Spiritual: religious services and counseling.

The transitional pain service (TPS) plays a
vital role in formulating, coordinating, and exe-
cuting a comprehensive continuum of care that
starts in the preoperative phase and extends
beyond the discharge phase (i.e., the EXIT plan)
[9, 23-27, 52].

Clinical Scenario: Enhanced
Recovery Protocol for Breast
Reduction Surgery [53, 54]

A 32-year-old obese female (BMI of 42), with no
significant past medical history, presents to the
preoperative anesthesia clinic for her upcoming
bilateral breast reduction surgery. Review of
plastic surgery clinic notes reveals complaints
regarding “enlarged and heavy breasts” causing

back discomfort. She describes bilateral breast
pain and recurrent skin infections under the
breast folds, 7/10 in intensity using NRS (numer-
ical rating scale). It is constant, localized, exacer-
bated by prolonged standing and physical activity,
and relieved by over-the-counter medications
(acetaminophen and ibuprofen).

Symptoms have progressively worsened over
the past three years, despite trying various sup-
portive bras and topical treatments, eventually
leading to physical limitations and impacting her
quality of life.

No family history of breast cancer. Physical
examination and ultrasound are negative for any
breast lumps. Erythema and irritation were noted
under the breast folds, with evidence of recurrent
fungal infections.

She reports significant emotional distress due
to her condition, including anxiety, decreased
self-esteem, and worry about her body image.
She is motivated to undergo surgery and improve
her quality of life but is afraid of pain
postoperatively. She asks about the anesthetic
and pain management plan. She’s been reading
on the internet about nerve blocks and requests a
“pain-free” experience.

Challenges and Considerations

There are specific patient populations that pres-
ent unique challenges to the anesthesiologist.
These include patients with a history of chronic
pain, opioid dependence, substance use disorder,
and extreme psychological disturbances [28, 32,
45, 55-57].

Chronic pain patients have most likely devel-
oped central sensitization in response to poorly
controlled pain [58], and many depend heavily on
opioids to maintain a relatively stable pain con-
trol. They are often prescribed long-acting opioid
agonists like Buprenorphine (partial agonist),
Methadone (full-agonist, high oral bioavailabil-
ity, once-daily dosing, long half-life up to 3 days)
to treat opioid dependence and prevent with-
drawal or relapse [56].

Current recommendations are to continue
Methadone and Buprenorphine perioperatively
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and consult with addiction medicine, pain psy-
chology, or the prescribing provider for further
guidance and dose titration in the perioperative
period [28, 45, 59-61]. The prolonged blockade
of opioid receptors by these medications alters
the receptors' sensitivity and number, making
pain control more challenging for the anesthesi-
ologist [46]. Education should include following
up with the prescribing provider right after
discharge.

Gabapentinoids use, initially introduced in the
US market in 1993 to treat complex partial sei-
zures, has expanded to many off-label indica-
tions, including perioperative pain control as a
component of MMA and ERP. There is still a lot
of uncertainty regarding the dosing, duration, and
timing of administration due to saturable, rate-
limiting gut absorption, which could take up to
two weeks to reach the peak plasma concentra-
tion needed for adequate pain control. Not to
mention the extended, unfavorable side-effect
profile, increased risk of respiratory adverse
events, abuse potential, and interactions in the
setting of polypharmacy, renal dysfunction, and
advanced age. The French Society of Anesthesia
and Intensive Care Medicine’s consensus guide-
lines clearly state that gabapentinoids should not
be used routinely for outpatient surgery. Its use in
MMA is still questionable given the minimal
benefits and high-risk side effect profile, although
it might be helpful for neuropathic pain [62].

Post-amputation phantom limb pain is another
feared surgical consequence due to violation of
neuronal integrity, generation of abnormal
impulses, and excessive neuronal firing. A multi-
disciplinary  treatment approach, including
regional anesthesia, ketamine, and gabapenti-
noids, among others, is the mainstay of treatment.
Mirror therapy is also vital in prioritizing visual
feedback over somatosensory-proprioceptive
feedback concerning limb position [58, 63].

Future Directions and Research

Pain management is an evolving practice, and the
recommendations provided in this chapter are
based on available literature. Considering the

level of knowledge and keeping up with the latest
evidence-based medicine are vital to maintaining
the highest standards of patient care.

Future research will shed light, answer more
questions, and hopefully resolve uncertainties:

— Gabapentinoids’ role is still questionable,
especially regarding optimal dosing, timing of
administration, interactions, and use in elderly
and outpatient surgery.

— Phantom limb pain is a complex pain experi-
ence. There’s much more to unveil regarding
pathophysiology, and current treatments are
not always successful.

— Enhanced recovery protocols are not impec-
cable; there is always room for improvement.
Many are institution-specific and are tailored
to the patients' needs. Following up with
patients after discharge and tracking the
outcomes over years is necessary to continue
refining our strategies and protocols.

Key Takeaways

1. Prehabilitation paradigm: careful risk stratifi-
cation in the preoperative anesthesia clinic
visit, education of the patient and caretaker.

2. Setting reasonable expectations.

. Opioid-stewardship; ERP, MMA.

4. Importance of non-pharmacologic approaches
in pain perception and treatment.

5. Challenges requiring a multidisciplinary team
approach.
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Psychological Approaches

and Patient Education: Emphasizes
the Role of Psychological
Preparation and Educating
Patients About Pain Management

Melvania Williams and Raha F. Sabet

Background and Current
Understanding

Psychologists play an integral role in pain man-
agement. In fact, most evidence-based approaches
include having a psychologist as part of the inter-
disciplinary team. Relatedly, the biopsychosocial
model of pain acutely highlights the importance
of focusing on the cognitive, emotional, and
behavioral components of pain. In fact, through
this conceptual framework, it is clear that a sole
biological lens is flawed and insufficient.

In the early 1900s, pain models focused exclu-
sively on the biological underpinnings of pain.
Said differently, there was no focus on the mind-
body connection. Notably, in 1965, the Gate
Control Theory of Pain was introduced by
Melzack and Wall. This theory highlighted the
role of psychosocial factors for the first time. Put
simply, this theory hypothesizes a “gate” that
either opens or closes to send or block signals
from the central nervous system. They theorized
that certain emotional states or behaviors could
either “open” or “close” the gate. For example,
anger may “open” the gate, whereas diaphrag-
matic breathing may “close” it. The implications
for this seminal article are significant, underscor-
ing the importance of including a behavioral
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medicine perspective in pain management. As a
result, treatments for pain are more cost-effective,
more patient-centric, and less invasive.

The evidence-based psychological interven-
tion for pain is Cognitive Behavioral Therapy
(CBT) [13]. CBT focuses on restructuring mal-
adaptive thinking as well as changing behaviors to
improve overall mood and reduce psychological
distress. Common interventions include psycho-
education, maintenance of thought records, and
behavioral activation. A recent literature review
[8] found that CBT’s impact on pain reduction is
small, in comparison to no treatment. Compared
to a treatment control that is not psychologically
based, CBT was found to have a very small impact
on ability status/disability. Other psychologically
based interventions for pain include Acceptance
and Commitment Therapy as well as Mindfulness-
Based Stress Reduction.

Whole Health focuses on empowering and
equipping individuals to live their best lives. The
Whole Health System of Care includes three
major components: Pathway, Wellbeing, and
Clinical Care [9]. Pathway is focused on empow-
ering Veterans to set goals and engage in Personal
Health Planning, as well as engagement with a
Health and Wellness Coach and/or Whole Health
Partner. Wellbeing programming is focused on
equipping Veterans with self-care skills and vari-
ous Complementary and Integrative Health (CIH)
offerings for wellbeing. Finally, Clinical Care is
focused on offering traditional, conventional, and
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excellent evidence-based treatment through a
Whole Health paradigm. This includes consider-
ation of the Veteran’s Mission, Aspiration, and
Purpose, and the provision of CIH treatment
offerings (e.g., acupuncture). At the core, Whole
Health is Veteran/person centric. Shared deci-
sion-making is also emphasized in the clinical
care realm. Importantly, another branch of Whole
Health includes Employee Whole Health, a pro-
active model of self-care to promote employee
wellness.

Taken together, when addressing pain, regard-
less of the setting, it is important to adopt a bio-
psychosocial lens. In addition, integration of a
psychologist can enhance the experience for the
patient by putting psychosocial factors front and
center and by exposing the patient to psychologi-
cally oriented, evidence-based interventions.
Finally, utilization of a Whole Health model
offers an approach for patient care and the pro-
vider’s experience. Whole Health helps to expose
patients to conventional approaches as well as
complementary and  integrative health
approaches, many of which show promising out-
comes for pain management. Whole Health also
emphasizes the importance of self-care and pro-
moting wellness for providers. In the next sec-

tions, we will introduce the concept of
compassionate care and review clinical
applications.

Compassionate Care

Compassion is a foundational component of
patient-centered medicine. There is growing evi-
dence which points to the importance of compas-
sion in driving high-quality, high-value care [3,
10]. Care delivered with compassion and empa-
thy, where patients talk openly about their symp-
toms and concerns, lends to better assessment of
their condition and generates a more accurate
diagnosis as it relates to acute and chronic pain
management. Research shows that when compas-
sion and respect are deficient in care, patients may
avoid necessary treatment and withhold important
information from their care providers to the detri-
ment of care [4]. Studies demonstrate that health-

care encounters that exhibit attributes of
compassion, empathy, and respect not only make
patients “feel good” but, in fact, positively influ-
ence health outcomes, including control of
chronic conditions, pain control, improved adher-
ence to treatment recommendations, fewer major
medical errors, and faster recovery times [4].

Clinical Applications
and Techniques

Pain is subjective and reliant on the patient’s ver-
bal skills and self-awareness, all of which are
influenced by the patient’s cultural background.
An ethnically and culturally diverse society
requires healthcare providers to respect and take
into account the particular cultures of their
patients [2]. Lack of understanding of the beliefs
of patients and families can potentially damage
the patient-provider relationship. Further, this
lack of trust can act as a significant barrier to
appropriate pain management. Health profes-
sionals and teams who learn the nuances of cul-
ture are rewarded with the knowledge that they
have been more effective in managing their
patients’ pain [4].

Evidence-Based Practices

How can physicians actively demonstrate com-
passion? Mazzarelli names four behaviors that
can be practiced at the patient’s bedside: sitting
(versus standing) while speaking; face-to-face
communication with eye contact; taking an active
interest in emotional and psychological well-
being; and not interrupting. These exercises, in
combination with physical exam skills, are prac-
tices vital to improving patient outcomes [10].
To provide compassionate care effectively,
providers should also engage in regular self-
compassion exercises and promote compassion
in the workplace and on the team. This can be
done in many ways: (1) modeling self-care (e.g.,
taking time off, taking a break at work and doing
something focused on wellness); (2) modeling
self-compassion (e.g., using compassionate self-
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talk when a mistake happens); (3) extending
compassion to team members; (4) praising team
members for use of compassion; and (5) planning
team wellness activities and/or ensuring that
employees have access to wellness activities.
Providers are encouraged to consider resources
such as those provided by Dr. Kristen Neff to
assess levels of self-compassion and to further
build this “muscle” Self-Compassion by Kristin

Neff: Join the Community Now [1].

Challenges and Considerations

Compassion fatigue undermines the provider’s
health and wellbeing. It can also compromise the
quality of care at the most basic level. The rem-
edy to compassion fatigue is not clinical detach-
ment. Research supports that connecting with
patients on a human level fuels, rather than
depletes, provider in their work and is associated
with a lower risk of burnout and compassion
fatigue. Furthermore, evidence suggests that this
restorative ability to connect with patients (i.e.,
empathy) can be taught and cultivated in those
for whom it does not come naturally [5].

Case Studies or Clinical Scenarios

White, heterosexual, cis-male provider meets a
“new patient:” a 59-year-old Latina, recently
divorced, cis-female with a history of chronic
lower back pain following 24 years of service
with the United States Air Force. Pain is currently
managed with low-dose hydrocodone on and off
for 10 years. Patient asks the provider numerous
questions at the first meeting: “How long will I
have to take pain medication? Are there any other
alternatives? I’ve been under a lot of stress since
my divorce and I’m in pain more often. I have a
family member with an addiction problem; will I
get hooked on pain pills too?” To maintain work-
flow, the provider stands up to interrupt the
patient mid-sentence and deflects any further
questions until the next visit, given time
limitations.

What Would Be a Compassionate
Care Approach?

The provider empathically listens, maintaining
eye contact throughout the interview to convey
connection and understanding. He then elicits
patient questions to avoid fragmenting the con-
versation. Notably, providers who are responsive
to patients’ questions may be able to reduce the
frequency of fragmented conversations and
shorten the overall length of time.

Providers’ schedules are often burdened, and
some fear that the additional time taken to build
meaningful rapport with patients is noble but not
feasible. However, providers can be encouraged
by a recent study finding that the duration of
patient visits increased only minimally when
patients asked questions, while patient outcomes
improved [12].

Evidence shows that psychological stress and/
or trauma is associated with persistent pain and
that people with persistent pain are more likely to
be exposed to stressful life events such as loss of
marriage and employment. It is proposed that
unresolved stressors throughout life may be rele-
vant to understanding persistent pain [13]. Taking
the time to elicit and respond to patient questions
may lead to better-suited non-pharmacological
options.

Patient Education

Perioperative patient education programs have
superior outcomes in terms of postoperative pain,
disability, surgical experience, and health care
utilization when compared to usual care [15].
One such example is the Perioperative Pain
Neuroscience Education for lumbar radiculopa-
thy [15], in which patients were taught that pain
can be normal and expected after surgery. It is
postulated that such a reconceptualization of pain
is a cornerstone of superior patient outcomes,
resulting in a reduction in healthcare utilization
despite the presence of pain and disability [11,
13]. Patient education led to a more favorable
view of their surgical experience and also used
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fewer postoperative healthcare resources.
Therefore, taking the time to build rapport and
educating patients about the neurophysiology of
pain will likely improve patient healthcare
experiences.

Recommendations

Looking ahead, we strongly recommend the
adoption of a Whole Health approach both for
patients treated in perioperative settings and for
the staff and providers who treat these Veterans.
In addition, we recommend inclusion of a mental
health professional in the perioperative setting;
this can be a provider with protected time to work
with patients in these environments and/or via a
consultative service. To help promote compas-
sionate care, teams can consider practicing via
role plays. The role of Transitional Pain Service
(TPS) with a focus on education and pre-
optimization (mental health and opioid intake),
protocolized intraoperative care, and follow-up
for extended postoperative period cannot be over-
emphasized in this setting.

Although compassion, even at a rudimentary
level, fosters meaningful human connections,
cultivating an organizational culture of compas-
sion poses significant challenges. It is an effort
that many leaders in healthcare may assume lim-
ited utility because of the ambiguous ways to
measure “attainment” or the steps necessary to
achieve it. Instead, organizations are encouraged
to consider converting noble aspirations of culti-
vating a patient-centered and compassionate cul-
ture into real and sustained change by exploring a
whole health compassionate care approach. Thus,
converting patient-centered care from high aspi-
rations into goals that can be set, measured, and
attained.

Key Takeaway Points

1. Compassionate care is an important and fre-
quently overlooked component of patient-
centered care. It addresses the emotional and
psychosocial aspects of the patient’s experi-

ence and the patient’s innate need for human
connections and relationships. At its core, it
means recognizing the concerns, distress, and
suffering of patients and their families and
taking action to relieve them. It is based on
active listening, empathy, strong communica-
tion and interpersonal skills, knowledge of the
patient as a whole person including his or her
life context and perspective, and the ability to
work together to relieve distress.

2. Pain and psychosocial factors reciprocally
influence one another, resulting in chronic and
complex pain syndromes.

3. It is imperative that chronic care providers
understand, respect, and take into account the
particular cultures from which their patients
come. Health professionals who learn the
nuances of culture are rewarded with the
knowledge that they are more effective in
managing the pain of their patients.

4. Mental health integration in pain management
is a design intervention platform that can
address the burden of chronic pain and reduce
the risks of overutilization of opioid medica-
tions, globally.

5. Empathetic healthcare environments help mit-
igate burnout among providers treating
chronic pain.
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Anesthesia Considerations

and Techniques: Focuses

on Anesthesia Methods and Their
Role in Pain Management During

Surgery

Annie C. H. Fung and Daniel Aviram

Background and Current
Understanding

Analgesia is essential in the perioperative period
regardless of the chosen anesthetic technique.
Anesthetic techniques can be broadly categorized
into four main types and may be used alone or in
combination:

(a) General anesthesia: inducing a state of
reversible unconsciousness, immobilization,
and loss of sensation. Typically used for
major surgeries, uncooperative patients, or
procedures with prolonged surgical times
such as intra-abdominal, maxillofacial, car-
diothoracic, gynecology, pediatric, trauma,
Or emergency surgery.

Regional anesthesia: involves the selective
infiltration of central or peripheral nerves,
also known as neuraxial and peripheral nerve
blocks respectively. This is done away from
the surgical site, to produce a reversible loss
of sensation in a specific area of the body.
Typically used for intermediate and major
surgeries such as orthopedics, obstetrics,
breast, vascular, or ophthalmic surgery, or as
an adjunct with general anesthesia in com-
plex major surgeries.

(b)
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(c) Local anesthesia: involves infiltration beneath
the skin around the surgical site to produce a
reversible numbing of a small area of the
body. Does not affect consciousness and is
typically used for minor procedures such as
dental or skin operations, cataract removal, or
as an adjunct for analgesia.

Monitored anesthetic care (MAC): continu-
ous monitoring and support by an anesthesi-
ologist, with or without administration of
sedation, anxiolytics, and analgesics, titrated
to preserve spontaneous breathing and air-
way reflexes while maintaining patient com-
fort and facilitating surgery. Typically used
for day surgeries and a range of diagnostic
and therapeutic procedures (e.g., endoscopic
procedures, interventional cardiology, oto-
laryngologic, ophthalmic surgery).

(d)

The choice of anesthetic technique depends
on surgical, patient, and anesthetic factors
(Table 6.1).

Numerous studies show that moderate to
severe acute pain is associated with poorer surgi-
cal outcomes, an increased likelihood of develop-
ing chronic pain syndromes, and higher
perioperative complication rates [1-3]. Modern
anesthetic techniques are trending toward the use
of multimodal analgesia and opioid-sparing anes-
thesia, aimed to utilize the synergistic effects of
individual agents to maximize analgesia while
minimizing undesired side effects. Practices for
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Table 6.1 Factors to consider for choice of anesthetic technique

Patient factors Surgical factors
Age

Comorbidities

Cooperability

Language barrier

Frailty

Risk factors for chronic post-surgical
pain (CPSP) or difficult pain control

pain level)
endoscopic

Position

Intended surgical procedure (incision
site, extent, complexity, anticipated

Open vs. minimally invasive vs.

Duration of procedure

Anesthetic factors

Expertise & familiarity of the
anesthetist

Auvailability of resources
(medications, equipment, staff,
logistics)

Post-operative monitoring and
disposition

Special considerations (such as
requiring awake or neuromonitoring

intraoperatively)

pain management vary widely across countries
and centers depending on surgical and anesthetic
expertise, patient population, medication and
equipment availability, etc.

Clinical Applications, Techniques,
Challenges, and Considerations

Use of opioid-sparing anesthesia and multimodal
analgesia is preferred to provide effective periop-
erative pain management and minimize opioid-
related side effects. Intraoperative and
postoperative pain control can be achieved with
one or a combination of the following methods:

(a) Systemic analgesia: commonly used intraop-
erative agents include opioid and non-opioid
medications. Also given as premedication
and for postoperative pain control.

Central neuraxial block: administration of
medications around the nerves of the central
nervous system, including spinal, epidural,
and caudal blocks.

(c) Peripheral nerve blockade: selective infiltra-
tion of medications near the peripheral ner-
vous system but away from the surgical site,
including upper limb, lower limb, cervical,
and truncal blocks.

Local anesthetic infiltration: infiltration of
local anesthetic at the surgical site, typically
subcutaneous, intradermal or topical.

(b)

(d)

Perioperative pain management starts at pre-
assessment from the first point of contact between
the patient and anesthetic team. Aside from rou-
tine anesthetic history and examination, anesthe-

siologists are also assessing the patient’s risk for
acute post-surgical pain, expected level of anal-
gesia required for their intended procedure, and
formulating a perioperative analgesic plan. For
patients with expected difficult pain control dur-
ing and after surgery, early input from the acute
pain team is beneficial. Patients warranting early
referral to the acute pain team in the preoperative
stage include: patients with pre-existing chronic
pain, current opioid or methadone use, history of
drug or alcohol abuse, or history of anxiety or
other psychological conditions [4]. Key compo-
nents of pre-operative counselling include
options for analgesia and expectation manage-
ment for post-operative pain, supplemented by
information pamphlets.

Next, we will outline individual agents and
techniques commonly used for perioperative pain
management.

(a) Systemic analgesia: can be used alone or as a
component of multimodal analgesia.
Analgesic agents can be classified into opioids
and non-opioids. Intraoperatively, this is given
via intravenous or per rectal route. Analgesia
can also be given as premedication and is
commenced immediately postoperatively.

Opioids

Opioids are the traditional choice for analgesia;
however, their use is limited by opioid-related
side effects including respiratory depression,
post-operative nausea and vomiting, ileus, and
persistent postoperative opioid use amidst the
opioid epidemic [5]. Increasing evidence shows
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the benefits of opioid-sparing and multimodal
anesthesia; thus, modern anesthetic practices are
implementing opioid stewardship and moving
away from opioid-based analgesia. Commonly
used opioids intraoperatively and their pharma-
cology are outlined below in Table 6.2.

Non-opioids

Non-opioids exert their analgesic effect through
different receptors, which act synergistically with
opioids and other analgesic agents. Table 6.3
summarizes commonly used non-opioid analge-
sics during the intraoperative period and their
pharmacological properties.

Paracetamol is an antipyretic, anti-inflamma-
tory medication with weak analgesic effect. It is
recommended along with NSAIDs as first line in
the WHO analgesic ladder. Nonsteroidal anti-
inflammatory drugs (NSAIDs) are a diverse class
of medications that inhibit the cyclooxygenase
enzyme. They are non-sedative and shown to
reduce opioid consumption. Caution must be
exercised due to the risk of renal injury, coagu-
lopathy, acute thrombotic events, gastrointestinal
bleeding, and impaired bone and wound healing.
Selective COX-2 inhibitors were introduced in
1999 and hypothesized to provide a safer alterna-
tive to conventional NSAIDs, as GI and bleeding
complications are mediated by COX-1 inhibition.
However, multiple coxibs were withdrawn from
the market due to increased thrombotic events.

Ketamine is an  N-methyl-D-aspartate
(NMDA) receptor antagonist with multiple
mechanisms of action in the peripheral and cen-
tral pathways of pain. Intraoperative ketamine
use has been shown to reduce acute postoperative
pain and perioperative opiate consumption for
both opioid-naive and opioid-tolerant patients
and is particularly effective for complex pain and
patients where opioid use should be minimized
or avoided [6].

Alpha-2 agonists are centrally acting anti-
hypertensive, anxiolytic, sedative, and analgesic
agents. Clonidine is a nonselective agent (alpha-2/
alpha-1 = 200:1), and dexmedetomidine is a spe-
cific and selective alpha-2 agonist (alpha-2/
alpha-1 = 1620:1). These have remained as

adjuncts due to the hemodynamic effects of
hypotension, bradycardia, and sedative effect
limiting their routine use.

Intravenous (IV) lignocaine demonstrates
anti-hyperalgesic properties and is efficacious for
opioid-sparing analgesia in both acute and
chronic pain. Due to the risk of local anesthetic
systemic toxicity (LAST), IV lignocaine should
not be used in patients with low body weight (<
40 kg), or simultaneously with other local anes-
thetic interventions including regional or neur-
axial blocks.

Dexamethasone and magnesium are safe
adjuncts for intraoperative analgesia. Both have
weak analgesic effects but are shown to reduce
anesthetic requirements, improve postoperative
pain levels, and reduce perioperative analgesic
consumption.

(b) Neuraxial techniques: can be used alone for
regional anesthesia or as a component of
multimodal analgesia.

Techniques for neuraxial anesthesia include
spinal, epidural, combined spinal epidurals
(CSE), and caudal blocks. Neuraxial techniques
are invasive procedures and involve administra-
tion of medications near the spinal cord to block
transmission of autonomic, sensory, and motor
nerves. Neuraxial techniques can be used for
either anesthesia or analgesia of the lower limbs,
abdomen, and pelvis. Indications of each specific
technique are discussed below in Table 6.4.
Contraindications for neuraxial techniques
include patient or parent refusal, coagulopathy,
infection at the intended needle insertion site,
spinal or neurological disease (such as space-
occupying lesions or increased intracranial pres-
sure, spinal  bifida,  previous  spinal
instrumentation), and hemodynamic instability.
Neuraxial techniques are routinely performed
and are a suitable option for effective, safe, and
reliable anesthesia and analgesia. Possible seri-
ous complications include spinal infections,
hematoma, major nerve damage, medication
errors involving the wrong route of administra-
tion, and cardiovascular collapse. The third
National Audit Project conducted in the United
Kingdom showed a low incidence (0.012%) of
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major complications, of which two-thirds of ini-
tially disabling injuries fully resolved within
6 months [7].

(c) Peripheral nerve block: can be used alone for
regional anesthesia, or as a component of
multimodal analgesia. Peripheral nerve
blocks can be broadly categorized into upper
limb, lower limb, truncal, thoracic, and cervi-
cal blocks.

The choice of specific block, choice of medi-
cation, dosage and volume is tailored according
to the degree of analgesia or anesthesia required
for the intended surgery, within safe dosing lim-
its. The clinical effect, including sensory level,
degree of motor block and sympatholysis,
depends on the nerve signals transmitted by the
targeted nerve bundle. Some blocks may be
motor sparing, if targeting a purely sensory nerve.
Peripheral nerve blocks can be performed by
landmark, peripheral nerve stimulator, or ultra-
sound-guided techniques. Novel techniques for
peripheral nerve blocks are being developed with
the adoption of ultrasound-guided regional anes-
thesia, where the nerves and spread of local anes-
thetic can be visualized in real time and the block
performed at any site along its course. This
improves analgesic efficacy and safety profile.
Regional blocks have the benefit of being opioid-
sparing, attenuating of the stress response of sur-
gery, improving recovery time, and reducing
postoperative pain levels [8].

(d) Local anesthetic infiltration: used for analge-
sia for minor, superficial procedures, or in
combination with other anesthetic methods
as a component of multimodal analgesia.

This involves infiltration of local anesthetics
alone or with adjuncts at the surgical site for
minor procedures such as minor dermatological
procedures, dental procedures, cataract removal,
or wound infiltration at the end of intermediate to
complex major procedures. This is often per-
formed at the end of surgery by surgeons and is a
procedurally simpler option for postoperative
analgesia compared to regional anesthesia. The
incidence of systemic local anesthetic toxicity

(LAST) after wound infiltration is estimated to be
around 11%; thus, appropriate dosing is essen-
tial, using the lowest concentration and dose nec-
essary for analgesia and employing recommended
injection techniques to prevent LAST. There is
no increased risk of surgical site infection after
wound infiltration. The PROSPECT group from
the European Society of Regional Anaesthesia
(ESRA) recommends pre- and intraoperative
wound infiltration for selected types of surgical
procedures such as laparotomies and spinal sur-
geries [9]. Alternative techniques to single-shot
wound infiltration include continuous or patient-
controlled wound infiltration, which provides
prolonged analgesia. Implementation is limited
by the complexity of devices, patient monitoring,
and education of patients and healthcare staff.

Evidence-Based Practices

Latest guidelines from the UK, USA, Australia,
and New Zealand recommend multimodal tech-
niques, personalized and procedure-specific peri-
operative pain management to optimize
perioperative analgesia [10-12]. The European
Society of Regional Anaesthesia & Pain Therapy
(ESRA) published the PROSPECT guidelines
covering 20 common surgical procedures, offering
surgery-specific recommendations according to
consensus-based evidence and systematic reviews
[13]. Implementation of enhanced recovery after
surgery (ERAS) pathways to deliver evidence-
based and standardized care, and involvement of
acute pain team and anesthesiologists in the imme-
diate postoperative period, demonstrates improved
surgical outcomes, faster recovery, and greater
patient satisfaction. Perioperative pain control is
one of the many multimodal components in ERAS
protocols, and the combination of multiple com-
ponents (such as prehabilitation, smoking and
alcohol cessation, patient counselling, early mobi-
lization, feeding, and removal of drains) produces
a synergistic benefit [14]. Furthermore, the adop-
tion and availability of ultrasound has transformed
the technique and practice for many procedures in
anesthesia, including ultrasound-guided regional
anesthesia, which is becoming the gold standard
for increased block success, greater patient satis-
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faction, improved safety profile, ease of training or
teaching, and development of novel regional
techniques.

Future Directions and Research

Building upon opioid-sparing techniques, multi-
modal analgesia, and ERAS pathways, further
improvements in comprehensive pain control
require multidisciplinary perioperative approaches
and personalized pain medicine. Future research
will focus on capturing of patient-reported postop-
erative outcomes such as pain scores, function, and
satisfaction, instead of conventional surgical out-
comes. Implementation of assistive artificial intel-
ligence in ultrasound is a rapidly expanding field
for image recognition, optimization, and prediction
of needle trajectory. This can improve training in
ultrasound-guided regional anesthesia. Ongoing
pharmaceutical research and development over the
decades has yet to introduce a novel analgesic
agent. Agents showing promise include cannabi-
noids, psychedelics, and VX-548, an experimental
non-opioid in Phase 3 clinical trials shown to be
effective in moderate to severe acute pain.

Key Takeaways

1. Choice of anesthetic techniques and analgesic
methods should be tailored according to
patient, surgical, and anesthetic factors.

2. Analgesic techniques for intraoperative pain
control include systemic analgesics, neuraxial
techniques, peripheral nerve blocks, and
wound infiltration.

3. Multimodal analgesia, opioid-sparing tech-
niques, and surgery-specific protocols is
recommended for  perioperative  pain
management.
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Monitoring for Adequate
Analgesia: Discusses Techniques
for Ensuring Effective Pain Relief
During Operations

Daniel Aviram and Annie C. H. Fung

Introduction

Analgesia is used intraoperatively to treat any
pain arising from the surgical insult.

But why is this important if the patient is
already asleep? Will they feel pain or remember
it? “If a tree falls in a forest and no one is around
to hear it, does it make a sound?”

The simple answer to that philosophical ques-
tion in this case is “yes”. Painful stimulation has
a substantial effect on inflammation and chronic
pain formation pathways. Nociceptive inputs
from surgery induce local molecular changes,
such as the release of nerve growth factor (NGF)
and cytokines, leading to increased glutamatergic
activity in the spinal cord. These changes are
responsible for peripheral pain sensitisation,
which subsequently influences spinal neuronal
activity and results in central pain sensitisation
[1-3]. Furthermore, even when ignoring the
potential damage of unchecked pain stimulation,
analgesics are used as adjuncts to purely hypnotic
agents, and achieving sufficient sedation or hyp-
notic levels with no analgesia during surgical

D. Aviram (X)) - A. C. H. Fung

Department of Anaesthesia and Perioperative
Medicine, University College London Hospital,
London, UK
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stimulation would require very high amounts of
hypnotic agents that could cause haemodynamic
instability.

Now that we have established the importance
of intraoperative analgesia, the next question is:
how can we measure pain in an anaesthetised
patient who can’t communicate? Pain is defined
as an unpleasant sensory and emotional experi-
ence associated with actual or potential damage
(The International Association for the study of
pain definition) [4]. The emotional aspect of pain
makes it harder to objectively measure and that is
why the term nociception is used. Nociception is
the sensory process that provides the signals that
lead to the perception of pain. In other words,
nociception refers to the painful stimulus, and
while pain is multifactorial, nociception has a
purer mechanism which is measurable. General
anaesthesia provides a special advantage in this
regard because when a patient is fully sedated the
cognitive emotional aspect of pain is cancelled,
making nociception and pain practically identical
and therefore, opening the possibility of a more
accurate and measurable way of intraoperative
analgesia.

This chapter will discuss novel ways of mea-
suring intraoperative pain, the basic physiologi-
cal concepts behind those methods, their
advantages and limitations compared to more
traditional methods, review some of the evidence
available and discuss the future of intraoperative
pain management.
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Background and Current
Understanding

Ideally, all three pillars of anaesthesia, hypnosis-
relaxation-analgesia, should be properly moni-
tored intraoperatively. However, while relaxation
has been monitored for years using nerve stimu-
lators and the train-of-four method, and con-
sciousness level monitors based on processed
EEG, such as Bispectral Index (BIS) monitors,
have recently become the standard of care, noci-
ception monitoring is relatively new.

As previously mentioned, sufficient analgesia
is critical to avoid unexpected movements, sym-
pathetic reactions followed by cardiocirculatory
complications, and the development of pain
memory. Using the minimum dose to achieve
effective analgesia is desirable to avoid opioid-
induced hyperalgesia, drug side effects, and to
achieve shorter perioperative treatment periods.

As the quantification of nociception in uncon-
scious subjects is extremely difficult, it is the
“reaction” to nociception that is being used for
the purpose of monitoring. The most frequently
utilised response to “surgical stress” is an increase
in sympathetic activity or the corresponding
decrease in parasympathetic tone. This assumes
that nociception will trigger a shift in the
sympatho-vagal balance towards a sympathetic
stress response. Changes in cardiac autonomic
control, such as increased heart rate, increased
peripheral vasoconstriction, pupillary dilatation,
and an increase in galvanic skin conductance,
offer relatively easy access to the evaluation of
such sympathetic responses. Overall, these
changes describe common observations in
stressed humans: a fast heart rate, dilated pupils,
and cold, sweaty hands.

Historically, the administration of analgesic
drugs in general anaesthesia was mainly deter-
mined by the clinical experience of the anaesthe-
siologist. Opioid dosage was titrated according to
sudden patient movements and other clinical
signs of stress-induced activation of the sympa-
thetic system, such as an increase in heart rate,
blood pressure, lacrimation, and sweating [5].
However, this traditional method demonstrated
limited success in predicting actual pain sensa-

tion in anaesthetised patients (Pk- 0.75 in a cer-
tain study) [6]. Furthermore, haemodynamic
parameters are multifactorial and can be affected
by other intraoperative events, such as bleeding,
anaphylaxis, sepsis, and drugs.

To measure nociception in an anaesthetised
patient, we can try and measure the relation
between sympathetic and parasympathetic activ-
ity. In addition to simple reactions, sympathetic
activation may also influence other physiological
parameters that are more subtle and usually hid-
den from simple observation. The physiology
behind these autonomic nervous system parame-
ters will be discussed here, while available com-
mercial devices will be reviewed in the following
section.

Heart Rate Variability (HRV) is the subtle,
milliseconds, difference between one heartbeat to
another. It is a physiological manifestation that is
affected by the respiratory cycle via the auto-
nomic nervous system, especially by its parasym-
pathetic branch [7, 8]. During a painful stimulus,
distinct changes in HRV are seen. These changes
persist when adequate analgesia is administered.
The meaning of these findings is that the balance
between nociception and analgesia directly
affects HRV and therefore can be used as an early
marker for insufficient analgesia [9].

Skin Conductance The assessment of elec-
trical skin conductance is a long-known tool
for the quantification of stress (for example,
as one of the parameters of a polygraph to
detect lies) and may represent an additional
“vital sign” rather than an actual pain score.
With the filling of palmar and plantar sweat
glands under sympathetic control, micro-fluc-
tuations in skin conductance caused by rapid
changes in the water permeability of the
excreting ducts appear to allow an easily
accessible insight into rapid changes of sym-
pathetic tone. Skin conductance monitors
usually apply a micro-current to the palmar
surface of the hand for adults, or the plantar
surface of the feet for neonates, and measure
the conductance of such current between two
electrodes [10, 11].
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Pupillometry The autonomic nervous system
affects pupil size through its two branches:

Sympathetic activation causes pupil dilation
(mydriasis) to enhance vision in low-light condi-
tions and during the fight-or-flight response,
while parasympathetic activation leads to pupil
constriction (miosis) to protect the eye from
bright light and during rest-and-digest states. The
balance between these two systems regulates
pupil size based on environmental lighting and
emotional or physiological states. The assess-
ment of pupillary diameter, its variation, and its
unrest in ambient light has been examined for the
prediction of pain and intraoperative monitoring
of nociception. The use of pupillometry is limited
in cases where ocular lesions are present, head
access during surgery, and artifacts due to bright
environmental lighting limit use. In addition,

pupillary  diameter cannot be measured
continuously.
Photoplethysmographic Amplitude

(PPGA) Refers to the magnitude of the pulsatile
changes in blood volume detected by a photople-
thysmography (pulse-oximeter monitor). It is
typically measured as the difference between the
peak systolic and trough diastolic levels of the
PPG waveform. Analgesia can be measured
through PPGA via its correlation with changes in
sympathetic nervous system activity. A sympa-
thetic nervous system activation causes vasocon-
striction and an increase in PPGA due to reduced
blood flow and amplitude of the photoplethysmo-
gram. On the other hand, effective analgesia
often reduces sympathetic activation, leading to
vasodilation and an increase in PPGA as blood
flow improves and the amplitude of the photople-
thysmogram increases. Overall, PPGA could
help in assessing the autonomic response to pain
and the effectiveness of analgesic interventions
in clinical settings [12].

Clinical Applications
and Techniques

Several companies are trying to achieve the “holy
grail” of a simple, useful, reliable bedside intra-
operative pain monitoring device. Here are some

of the commercially available devices, all apply-
ing the principle of measuring one or several
aspects of the sympathetic-parasympathetic bal-
ance using the physiological parameters dis-
cussed earlier [13, 14].

AlgiScan (IDMed, Marseille, France)

The infrared video pupillometer is a non-invasive
device that measures and identifies nociception
in awake and sedated patients. It measures the
pupillary dilation response (PDR) and translates
it into an index called the Pupillary Pain Index
(PPI), which is a score that reflects the patient’s
level of analgesia. This index was validated by
measuring the PDR under increasing nociceptive
stimulation between 10 and 60 mA. A higher PPI
score (close to 9) indicates uncontrolled nocicep-
tive stimulation and lower analgesia levels,
whereas a PPI score close to 1 indicates high
analgesia levels.

Surgical Pleth Index (SPI, GE
Healthcare)

The SPI (formerly named Stress Surgical Index)
is a nociception-monitoring device that measures
nociception using photoplethysmographic sig-
nals to measure both HRV and PPGA. The infor-
mation, given by the microvascular wave impulse
signal of a finger photoplethysmography, is used
to calculate these two parameters. This dimen-
sionless continuous numerical index (from O to
100, with 0 = no stress and 100 = high-intensity
stress) was previously developed to give a
numeric measure of the surgical stress in patients
under general anaesthesia. The manufacturer rec-
ommends a SPI <50 during surgery. Limitations
in the use of SPI include cardiac arrhythmia, car-
diac pacing, and peripheral vasoconstriction [15].

Analgesia Nociception Index (ANI,
Mdolaris Medical Systems)

ANI is a device used for non-invasive measure-
ments of nociception using an assessment of
changes in HRV via an electrocardiographic
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measurement. The device rates parasympathetic
activity on a scale from 0 to 100, where a painful
stimulus causes a relative decrease in parasympa-
thetic activity and, as a result, a decrease in ANI
score. ANI was studied and validated in multiple
studies and showed a direct correlation between
ANI levels lower than 50 and severe pain [6, 16].

Nociception Level Monitor (NOL,
Medasense Biometrics Ltd)

The monitor makes use of an algorithm based
on advanced statistical and machine learning
technologies; it combines multiple autonomic
signals (finger photoplethysmogram amplitude,
skin conductance, HR, HR variability, and their
time derivatives) into a single index, the NOL
index. Machine learning was used to create the
optimal algorithm to translate input (predictors)
into output (NOL index). The index ranges
from O (absence of nociception) to 100 (extreme
nociception) and was validated in multiple
studies [17].

are more precise in detecting intraoperative
nociception under general anaesthesia and that
accuracy is translated into lower postoperative
pain scores and opioid consumption for several
hours after surgery when these monitors are
used. As for the impact of nociception monitor-
ing on long-term outcomes such as persistent
postsurgical pain or opioid use disorders after
major surgery, very few studies evaluated these
outcomes and were not robust enough to answer
this specific question [14].

Future Directions and Research

The future of intraoperative analgesia monitor-
ing, other than higher accuracy, is the combina-
tion of a conclusive closed system, “Anaesthetic
monitoring,” that could combine the measure-
ment of all three anaesthesia pillars at first and
later even “react” by adding the correct anaes-
thetic agent—hypnotic-muscle relaxant or opi-
oid—to keep the patient as stable and comfortable
as possible.

Evidence-Based Practices

Being of commercial and financial interest, the
medical literature is full of different studies
regarding the mentioned devices, the bottom line
being that most of them are more sensitive and
specific for nociception recognition than the tra-
ditional haemodynamic parameters. However,
none have shown a significant change in clinical
patient outcomes. A comprehensive review pub-
lished in the British Journal of Anaesthesia in
2019 concluded that although all devices appear
to reflect intraoperative stimuli slightly better
than traditionally used parameters, such as blood
pressure or heart rate, to date, none has shown a
convincing and clinically relevant benefit for its
routine use [13]. A more recent review published
in Anaesthesia and Analgesia in 2024 stated that
medical literature indicates that these indexes

Key Takeaways

1. Pain is a subjective measure and therefore dif-
ficult to measure objectively.

2. Nociception is a good surrogate marker for
measuring intraoperative pain.

3. Nociception measurement is based on the cor-
relation between nociception and sympathetic
activation.

4. Heart rate variability, pupil diameter changes,
skin conductance, and photoplethysmo-
graphic amplitude are physiologic markers
correlated well with autonomic nervous sys-
tem changes.

5. While commercial devices measure nocicep-
tion in a more accurate way compared to clini-
cal parameters, it is yet to be determined if
this accuracy is translated to better patient
care.
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Multimodal Analgesia

and Adjunctive Techniques:
Explores the Combined Use

of Different Analgesic Methods
for Optimal Pain Control

Fausto Morell-Ducos

Introduction

The blunting of the autonomic and neurohumoral
stress responses to surgical stimulation, caused by
the activation of nociceptive pathways due to tis-
sue damage, has historically relied heavily on the
intraoperative use of opioids. Increasingly, the use
of other analgesic drugs and adjuncts has gained
acceptance, spurred by growing interest in opioid-
sparing anesthesia as part of perioperative opioid
stewardship, as well as greater appreciation of the
benefits of multimodal antinociception.

Background and Current
Understanding

Before the introduction of opioids to routine
anesthetic practice, the main objectives of gen-
eral anesthesia—unconsciousness, immobility,
and the control of the autonomic response to sur-
gical stimulation—were achieved by using high
doses of hypnotic agents. This practice was asso-
ciated with unacceptably high rates of hemody-
namic instability and prolonged time to
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emergence due to the drug concentrations
required to achieve satisfactory autonomic blunt-
ing [1].

Although often referred to as “intraoperative
analgesia,” the interruption of nociceptive path-
ways and their effect on the autonomic nervous
system is better described as “intraoperative anti-
nociception” in the anesthetized state, as pain is a
subjective experience that requires
consciousness.

Antinociception is required intraoperatively,
as activation of nociceptive pathways is the pri-
mary driver of the stress response and early post-
operative pain, as well as probably being
implicated in the development of persistent post-
surgical pain [1, 2].

The autonomic response to nociception caused
by the surgical insult is mediated by the
nociceptive-medullary-autonomic  circuit  [2].
Ascending nociceptive pathways carry signals
from peripheral nociceptors via A-delta and C
fibers, synapsing in the dorsal horn with second-
ary neurons that project to several sites in the
brainstem. The main driver of the autonomic
response is the medullary nucleus tractus solitar-
ius, from which signals travel to the rostrolateral
and caudoventrolateral medulla in the brainstem,
and thence to the heart and peripheral vasculature
via the sympathetic chain, as well as to the adre-
nal medulla.

Mu opioid receptors are present at multiple sites
along these pathways, and their agonism reduces
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nociceptive signals and consequently sympathetic
output. Opioids are therefore very effective antino-
ciceptive agents. This, along with the fact that they
can easily be continued as analgesic agents after
emergence from anesthesia, led to their use being
widely established in this setting.

This pervasive practice has more recently
been questioned due to increasing awareness of
the negative perioperative patient outcomes asso-
ciated with opioid-related adverse drug events
(including opioid-induced ventilatory impair-
ment, nausea and vomiting, urinary retention,
ileus, constipation, and pruritus), as well as the
potential link with persistent postoperative opi-
oid use.

Newer approaches have therefore been devel-
oped, centered around the use of alternative
agents which, in conjunction with—or instead
of—opioids, provide antinociception by disrupt-
ing the nociceptive-medullary-autonomic circuit
at multiple sites. This approach has been termed
multimodal antinociception by some, by analogy
to the concepts of multimodal analgesia and bal-
anced anesthesia [3].

Clinical Applications
and Techniques

The multimodal antinociceptive approach maxi-
mizes the use of multiple antinociceptive agents
(including local and regional anesthetic tech-
niques) to block inflammatory, nociceptive, and
sympathetic pathways. The use of multiple agents
leads to an opioid-sparing effect, which can be
maximized to provide opioid-free anesthesia [4].

It is important to note that the hypnotic agents
used in general anesthesia also contribute to the
suppression of nociceptive transmission by act-
ing synergistically with the antinociceptive
agents used, such that lower doses are required to
obtain the same reduction in autonomic response

to a given insult when used together than if either
agent were used alone (i.e., by shifting the dose-
response curve to the left) [1].

The reduction or complete avoidance of opi-
oid use, which can be achieved with a multimodal
antinociceptive approach, is likely to reduce
dose-related early postoperative opioid-related
adverse drug events such as nausea and vomiting,
reduced intestinal transit, sedation, and opioid-
induced ventilatory impairment. This is particu-
larly appealing in those patient groups most at
risk of these adverse effects, such as the obese,
those with respiratory disease, and patients
undergoing abdominal surgery [5].

Avoiding intraoperative and early postopera-
tive opioid use also has the potential of reduc-
ing the incidence of opioid-induced
hyperalgesia, a phenomenon which is dose-
related and which is also known to occur
acutely, although its clinical relevance in this
setting has not been established [6].

The use of opioid-free and opioid-sparing
techniques is also likely to be of particular use in
patients who are very opioid tolerant, or who are
on buprenorphine-based opioid substitution ther-
apy, in whom very large doses of opioids would
otherwise be required.

There is also some preclinical evidence and
uncontrolled clinical studies which suggest that
opioids may represent a risk factor in cancer
recurrence when used in cancer surgery, although
there is currently insufficient evidence to support
this association [4, 7].

The Table 8.1 below summarizes the intrave-
nous analgesics and adjuvants that are frequently
used in opioid-free anesthesia and analgesia,
namely alpha-2 adrenoreceptor agonists,
N-methyl-D-aspartate (NMDA)-receptor antago-
nists, intravenous local anesthetics, and steroidal
and non-steroidal anti-inflammatory drugs.
Several combinations and doses can be used, and
specific protocols vary.
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Table 8.1 Intravenous drugs used in opioid-free anesthesia and analgesia, including mechanisms of action, potential
benefits, and adverse effects

Drug
Opioids

Ketamine

Mechanism of
action
Interruption of
afferent
nociceptive
input and
enhancement of
descending
inhibition
through
activation of
opioid receptors
at multiple sites,
mainly the
periaqueductal
gray, dorsal
horn, amygdala,
rostroventral
medulla and
cortex
Interruption of
afferent
nociceptive
input through
NMDA receptor
antagonism
causing
increased
inhibitory
pyramidal
interneuron
activity and
decreased
activity of
glutamatergic
neurones in the
parabrachial
nucleus and the
medial pontine
reticular
formation to the
thalamus and
basal forebrain

Potential

benefits Risks

Reduction of  Associated with multiple adverse drug effects including
sympathetic postoperative respiratory depression, nausea and vomiting,
response to ileus, pruritus

nociception

Synergistic

decrease in

arousal

reduces

hypnotic agent

requirement

Reduced At higher doses psychotropic side-effects including
postoperative  hallucinations may occur

pain intensity

and opioid

requirements

Reduced

postoperative

nausea and

vomiting

(continued)
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Table 8.1 (continued)

Drug
NSAIDs

Paracetamol

Dexmedetomidine
Clonidine

Magnesium

Mechanism of
action
Decreased
prostaglandin
synthesis
through
inhibition of
COX 1 and 2
enzymes at sites
of surgical
tissue damage
Cyclo-
oxygenase
inhibition
Potentiation of
cannabinoid
receptors
Alpha-2
adrenergic
agonists,
enhancing
descending
inhibition and
increasing
inhibitory
interneuron
activity at the
level of the
dorsal horn.
Decreased
noradrenergic
excitatory
activity in
hypothalamus,
thalamus, basal
forebrain and
cortex
Inhibitory effect
at central
excitatory
glutamatergic
synapses due to
NMDA receptor
blockade

Potential
benefits
Reduced
opioid
requirement,
reduced
postoperative
pain intensity

Reduced
opioid
requirements
and reduced
postoperative
pain intensity
Reduced
opioid
requirements
and
postoperative
nausea and
vomiting.
Decreased
hypnotic
requirements
due to
decreased
nociceptive-
induced
arousal.

Small
reduction in
postoperative
opioid

requirements.

Decreased
nociceptive-
induced
arousal

Risks

Increased risk of kidney injury, GI ulceration, bronchospasm,
platelet dysfunction. Concerns regarding adverse effects on
bone and anastomotic healing and cardiovascular risk appear
to not be clinically significant during short-term use

Liver toxicity in overdose

Risk of significant bradycardia and hypotension

Potentiation of neuromuscular blockade, hypotension,
arrhythmias

(continued)


R
New Stamp


8 Multimodal Analgesia and Adjunctive Techniques: Explores the Combined Use of Different Analgesic... 65

Table 8.1 (continued)

Mechanism of ~ Potential
Drug action benefits Risks
Locoregional and Blockade of Reduced Hypotension (neuraxial administration), motor block, neural
neuraxial local nociceptive postoperative  injury
anaesthetics afferent input opioid
through requirements
blockade of
conduction of
action potentials
secondary to
reversible
sodium channel
blockade
Intravenous Postulated Possible Reports of patient harm secondary to local anaesthetic
lidocaine. mechanisms reductions in  toxicity
include postoperative
blockade of pain intensity,
neutrophil opioid
priming and requirements,
degranulation postoperative
decreasing ileus and
inflammatory postoperative
response nausea and
vomiting
Dexamethasone ‘Switching off”  Small Small elevations in blood glucose
of inflammatory reductions in
gene expression pain intensity
and opioid
requirement
postoperatively

Adapted from Macintyre et al. [5]

Evidence-Based Practices

The efficacy and importance of different pain
management approaches and techniques will
vary in different surgical procedures due to sev-
eral factors:

 different mechanisms of generation of pain,
including the anatomical site, type of pain
(somatic vs visceral), intensity, and duration
of pain,

» different potential consequences of inadequate
pain relief (e.g., risk of pulmonary complica-
tions in abdominal surgery vs. lower limb
arthroplasty) and the resulting effect on recov-
ery, morbidity, and mortality,

o different pain management goals depending
on the type of surgery and stage of recovery—
e.g., on day 1 after a bowel resection via a

midline laparotomy, the main goal is the abil-
ity to cough and deep-breathe, whereas in the
following days, mobilization and re-
establishing oral intake become equally
important.

The use of individualized techniques should
therefore be based on shared decision-making
with the patient, considering the type of surgery,
patient  co-morbidities and  pre-existing
medications.

There are several evidence-based procedure-
specific recommendations which can be used
when planning an antinociceptive intraoperative
and postoperative analgesic plan, such as those
from the PROSPECT group [8]. This is a collab-
oration of anesthesiologists and surgeons, sup-
ported by the European Society of Regional
Anaesthesia and Pain Therapy, which provides
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evidence-based recommendations in the manage-
ment of intraoperative antinociception and post-
operative pain after specific surgical procedures,
with a particular focus on multimodal strategies
and consideration of the risks and benefits of
interventions in specific surgical settings.

There is evidence that the use of multimodal
antinociception, and its resulting opioid-sparing
effects, reduces the incidence of postoperative
nausea, vomiting, and sedation, as well as provid-
ing improved pain experience (especially with
regional analgesia) and reduced opioid use in the
early postoperative period [4].

There is so far no evidence that opioid-free
anesthesia prevents persistent postoperative opi-
oid use, alters prescribing at discharge, or reduces
the risk of diversion and misuse, even with the
concurrent use of regional anesthesia [4].

There is also little evidence that a multimodal
intraoperative antinociceptive approach resulting
in opioid-free anesthesia provides benefits above
and beyond those of opioid-sparing anesthesia [2,
5,9, 10].

Challenges and Considerations

The analgesics and adjuncts used in multimodal
antinociception have their own adverse event
profiles and contraindications.

Alpha-2 agonists can cause hypotension and
sedation, potentially prolonging length of stay in
the day-case setting; ketamine can cause psycho-
tropic side effects, even after a single intraopera-
tive dose; beta-blockers can cause hypotension
and increase the risk of stroke and death; lido-
caine infusions can be associated with local anes-
thetic toxicity, potentially resulting in death, and
magnesium can cause arrhythmias and potentia-
tion of neuromuscular blockade [4, 5, 10].

Many of the agents used cannot be titrated to
individual requirements or have a maximum
daily dose, such as NSAIDs and paracetamol.
Additionally, agents such as ketamine or lido-
caine, when used in the postoperative phase,
require close monitoring and entail intravenous

infusions, which can hinder ambulation and
therefore delay recovery.

Of note, gabapentinoids, which were previ-
ously commonly recommended in many
enhanced recovery pathways as opioid-sparing
agents, are no longer routinely recommended in
this setting. Their use is associated with a statisti-
cally but not clinically significant reduction in
postoperative pain and opioid consumption, but it
is associated with an increased risk of serious
adverse events, including opioid-induced ventila-
tory impairment when co-administered with opi-
oids [5].

From a practical point of view, the multimodal
antinociceptive approach also requires a number
of infusions to run simultaneously, increasing the
technical complexity of anesthesia provision, as
well as increasing cost and the risk for drug
errors. Additionally, polypharmacy makes it
more difficult to identify the agent causing an
adverse drug reaction if one were to occur.

Some authorities advocate the use of antinoci-
ception monitoring in addition to processed EEG
monitoring in order to guide the dosing of multi-
modal antinociception agents, instead of relying
solely on heart rate and blood pressure fluctua-
tions as a surrogate measure, although such mon-
itors are currently not widely available due to
technological limitations and concerns regarding
their accuracy [3].

Future Directions and Research

Further research, including randomized trials, is
needed to elucidate the impact of a multimodal
antinociceptive approach on intraoperative and
postoperative outcomes, as much of the current
evidence focuses on postoperative analgesic
practice.

In particular, further research is needed to
explore the interactions between antinociceptive
adjuncts and anesthetic agents, which may iden-
tify particularly advantageous drug combinations
or improved outcomes in specific clinical
settings.
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Key Takeaways References

. The pharmacologic synergy afforded by intra-
operative multimodal antinociception is asso-
ciated with many advantages, including
reduced drug-related side effects, hemody-
namic stability, and earlier emergence.

. The increasing use of antinociceptive adjuncts
is associated with reduced intraoperative opi-
oid use, although there is little evidence of a
sustained reduction in opioid-related adverse
events beyond the immediate perioperative
period.

. The disadvantages associated with many
adjuncts (such as ceiling effects, multiple
infusions, and extra monitoring) may restrict
their use in certain settings.

. Opioid-free intraoperative antinociception is
associated with reduced postoperative nausea
and vomiting and sedation, but evidence that
it is associated with clinically significant
improvements in postoperative pain relief,
opioid-prescribing practices, or opioid use
after discharge is lacking.

. Further research is required to identify the
most favorable drug combinations or ratios in
specific clinical settings.

10.

. Brown EN, Pavone KJ, Naranjo M. Multimodal gen-

eral anesthesia: theory and practice. Anesth Analg.
2018;127(5):1246-58.

. Egan TD. Are opioids indispensable for general

anaesthesia? Br J Anaesth. 2019;122(6):e127-35.

. Egan TD, Svensen CH. Multimodal general anes-

thesia: a principled approach to producing the drug-
induced, reversible coma of anesthesia. Anesth Analg.
2018;127(5):1104-6.

. Kumar K, Kirksey MA, Duong S, Wu CL. A review of

opioid-sparing modalities in perioperative pain man-
agement: methods to decrease opioid use postopera-
tively. Anesth Analg. 2017;125:1749-60.

. Macintyre PE, Quinlan J, Levy N, Lobo DN. Current

issues in the use of opioids for the management of
postoperative pain. JAMA Surg. 2022;157(2):158-66.

. Fletcher D, Martinez V. Opioid-induced hyperalgesia

in patients after surgery: a systematic review and a
meta-analysis. Br J Anaesth. 2014;112:991-1004.

. Sessler DI, Pei L, Huang Y, et al. Recurrence of breast

cancer after regional or general anaesthesia: a ran-
domised controlled trial. Lancet. 2019;394:1807-15.

. Better Postoperative Pain Management — ESRA.

(2019, February 20). ESRA. https://esraeurope.org/
prospect/.

. Alexander JC, Patel B, Joshi GP. Perioperative use

of opioids: current controversies and concerns. Best
Pract Res Clin Anaesthesiol. 2019;33:341-51.
Shanthanna H, Ladha K, Kehlet H,
G. Perioperative opioid

Anesthesiology. 2021;134:645-59.

Joshi
administration.


https://esraeurope.org/prospect/
https://esraeurope.org/prospect/
R
New Stamp


v/ 2026 Edition

Part IV

Immediate Postoperative Care


R
New Stamp


l‘)

Check for
updates

Postoperative Pain Assessment
and Management

Sarah Miller, Rohan Krishnan,

and Rajnish K. Gupta

Introduction

Postoperative pain management is a critical com-
ponent of perioperative care, influencing patient
recovery, satisfaction, and long-term outcomes.
Effective pain control reduces complications,
facilitates early mobilization, and minimizes
opioid-related adverse effects. This chapter
explores the assessment and management of
postoperative pain, providing evidence-based
strategies for optimizing patient care.

Background and Current
Understanding

Pain assessment and management have evolved
significantly over the years, with a shift from
opioid-dominant approaches to multimodal anal-
gesia. Advances in regional anesthesia, improved
understanding of pain pathways, and enhanced
recovery protocols have shaped modern pain
management strategies. Risk stratification of
patients is crucial in determining appropriate
techniques to prevent and treat post-surgical pain
[1-4].
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Clinical Applications

and Techniques
Identifying At-Risk Patients
Preoperative risk factors associated with
increased postoperative pain include anxiety, fear
of pain, presence of a pre-existing inflammatory
condition, and presence of pain prior to surgery.
Certain types of surgeries, such as mastectomies,
thoracotomies, and amputations, carry a higher
risk of postoperative pain and the development of
chronic pain. Postoperatively, uncontrolled pain
can also lead to the development of chronic pain,
further highlighting the importance of early
assessment and treatment of postoperative pain.

Pain Assessment Methods

Patient interview, as well as evaluation of vital
signs and overall patient appearance, can help
delineate the severity of postoperative pain, but it
is also important to utilize standardized tech-
niques of pain assessment. Multiple pain mea-
surement scales exist to assist the clinician in
further evaluating a patient’s experience.

e Numeric Rating Scale (NRS): This scale can
be given graphically or verbally and consists
of a scale, usually with 11 numerical values,
with O representing no pain and 10 represent-
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ing the worst possible pain. An advantage of
this scale is its relative ease of use and the
ability to administer it verbally, making it eas-
ier to use with patients with visual impairment
and some cognitive impairments (Fig. 9.1a).

Verbal Rating Scale (VRS): This scale is given
verbally and asks patients to identify their
pain in categories such as no pain, mild pain,
moderate pain, severe pain, or worst possible
pain. This assessment is easily given, however
it has more limited answers to categorize pain

Fig. 9.1 Four types of
pain rating scales. 1. a
**Numerical Rating
Scale (a):** A horizontal
line marked with
numbers from O to 10,
with labels indicating
No Pain at 0, Moderate
Pain at 4 and 6, and
Unbearable Pain at 10.
2. **Verbal Rating Scale
(b):** A horizontal line b
with verbal descriptors:
No, Mild, Moderate,
Severe, Very Severe, and
Unbearable, each with
corresponding markers.
3. **Visual Analogue
Scale (c):** A horizontal
line with a slider,
marked from O to 10,
without specific labels.
4. **Faces Scale (d):** c
A series of six faces
ranging from a smiling
face labeled 0 No to a
distressed face labeled 5
Unbearable, with
intermediate expressions
labeled 1 Mild, 2
Moderate, 3 Severe, and
4 Very Severe.

and implies that the intervals between each
descriptor are equal (Fig. 9.1b) [5].

Visual Analog Scale (VAS): Measures pain on
a 10 cm continuum from “no pain” to “worst
possible pain.” This scale has been shown to
be sufficiently valid and reliable for measur-
ing pain in the acute setting. The benefits of
the VAS include ease of administration and
reliability. A downside of this scale is that it
requires a paper or electronic medium. In
addition, patients with cognitive impairment
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may have difficulty using the scale accurately
and it cannot be used by patients with visual
impairment (Fig. 9.1c¢) [6].

e Wong-Baker FACES Pain Rating Scale (WBS):
A visual representation of pain levels depicted
by faces with progressively worsening facial
expressions. Useful for pediatric and nonver-
bal patients and has been shown to have valid-
ity in both chronic and acute pain states
(Fig. 9.1d) [7-9].

Pain Management Modalities

Multiple modalities can be used to treat postop-
erative pain, including regional anesthesia, opi-
oid, and non-opioid medications. Regional
anesthesia may reduce the stress response, total
opioid consumption intraoperatively and postop-
eratively, opioid-related side effects, and morbid-
ity in the postoperative period. Peripheral nerve
and neuraxial single injections, as well as nerve
catheters, are options perioperatively. Ideally,
non-opioid medications (NSAIDs, acetamino-
phen, gabapentinoids, muscle relaxants) should
be used first and for pain categorized lower on the
pain scales, reserving opioid medication for more
intense pain states. Assuming a patient is capable
of both PO and IV medications, PO medications
should be used for minimal pain states, reserving
faster-acting IV medications for more severe
pain. Using this method of pain medication esca-
lation helps decrease side effects observed with
opioid medications.

Evidence-Based Practices

Given that there are many ways to measure pain,
Shafshak et al. aimed to determine whether one
scale was more beneficial than others. In a cross-
sectional study of 100 patients with chronic low
back pain, pain severity was assessed utilizing
the VAS scale and NRS scales. Subsequent dis-
ability was assessed with the brief pain inventory.
The study found that there was no significant dif-

ference between the VAS and NRS scales in
assessing low back pain severity but did find that
a score of 6 on the VAS/NRS scale could aptly
predict severe disability [7].

A study conducted by Bielewicz et al. aimed
to ascertain the efficacy of the VAS and NRS
scales in predicting pain outcomes. In this study,
a cohort of patients underwent microdiscectomy,
and their pain was assessed on preoperative day
1, 1 month postoperatively, and 3 months postop-
eratively. The study found that the NRS and VAS
scales evaluated different aspects of pain—the
AS scale seemed to be a retrospective assess-
ment, whereas the NRS scale seemed to measure
pain in current time [8].

A combination of patient evaluation and pain
scales such as the VAS and NRS should be used
in the postoperative setting to assess pain both
subjectively and objectively. Since patients report
pain differently, trended values with frequent
repeated assessments may be more valuable to
assess the efficacy of treatment than any one sin-
gular value.

Recent studies have demonstrated the benefits
of regional anesthesia and multimodal analgesia
in reducing opioid consumption and enhancing
recovery [10-14]. For example, enhanced recov-
ery after surgery (ERAS) protocols emphasize
opioid-sparing techniques, leading to improved
patient outcomes. Comparative studies highlight
the reliability of pain assessment scales and their
role in guiding treatment strategies.

Challenges and Considerations

* Opioid Crisis: Balancing effective pain man-
agement with the risks of opioid dependence.

* Patient Variability: Individualized pain per-
ception requires tailored interventions.

* Resource Limitations: Availability of regional
anesthesia techniques and trained personnel
can impact implementation.

» Special Populations: Managing pain in pedi-
atric, geriatric, and cognitively impaired
patients requires adapted strategies.
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Case Studies or Clinical Scenarios

Case 1: Regional Anesthesia for

Postoperative Pain

A 56-year-old man with a history of chronic knee
and low back pain is scheduled to undergo total
knee arthroplasty. The patient takes oxycodone
once or twice a day as needed for his chronic
pain. Preoperative pain on the NRS is 5/10. In
order to reduce perioperative and postoperative
pain requirements, the patient receives multi-
modal non-opioid medications preoperatively
and a spinal anesthetic for his operation. In the
recovery room, the patient reports 8/10 pain in
his knee on the NRS. He receives a rescue adduc-
tor canal block with a long-acting local anesthetic
and is prescribed a regimen of scheduled non-
opioid multimodal analgesia along with a short
course of PRN opioids. His pain scores remain
low, and he requires minimal opioids
postoperatively.

Case 2: Managing Pediatric Patients

An 8-year-old patient with scoliosis undergoes
10-level spinal scoliosis correction surgery. A
combination of ketamine infusion and non-opioid
multimodal analgesia is used preoperatively and
intraoperatively to optimize pain control while
minimizing opioid exposure. In the recovery
room, the Wong-Baker FACES scale is used to
assess the level of pain the child is experiencing.
Continued scheduled use of NSAIDs, muscle
relaxants, and low-dose opioids is used to man-
age the patient’s pain.

Future Directions and Research

* Advancements in artificial intelligence for
real-time pain assessment.

e The role of pharmacogenomics in personal-
ized pain management.

* Novel non-opioid analgesics and their clinical
applications.

* Integration of virtual reality and augmented
reality for pain modulation.

Key Takeaways

1. Effective postoperative pain management
improves recovery and reduces
complications.

2. Multimodal analgesia is the gold standard for
optimizing pain control while minimizing
opioid use.

3. Standardized pain assessment tools help tailor
pain management strategies.

4. Individualized patient care is essential, con-
sidering preoperative risk factors and surgical
procedures.

5. Emerging research in Al, pharmacogenomics,
and non-opioid therapies is shaping the future
of pain management.
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Medications for Postsurgical Pain

Relief

Marcos lzquierdo and Ying Ye

Introduction

The implications of adequate postoperative pain
control are vast, ranging from optimized patient
comfort and experience to the reduction of sym-
pathetic stress and the risk of chronic postopera-
tive pain [1]. The experience of pain after surgery
is a common patient concern and can even exac-
erbate depression symptoms and lead to increased
morbidity [2]. Opioid medications have been the
mainstay of pain control since the use of mor-
phine and opium in the post-Civil War era. They
became the standard of care for perioperative
analgesia when morphine was popularized in the
1900s [3]. However, the opioid pandemic in the
early 2000s highlighted the need to balance non-
opioid medications in an effort to reduce overall
opioid consumption while continuing to optimize
pain control.
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Background

Management of postoperative pain starts with a
proactive multimodal approach tailored specifi-
cally to the patient based on the type of surgery
and anticipated pain severity [4]. Opioids are the
focal point of pain management given their abil-
ity to prevent and treat severe pain along with
their rapid onset and ease of administration.
Opioid receptors can be found primarily in the
central nervous system in the brain, brainstem, or
spinal cord. The primary receptors are mu, kappa,
and delta. Activation of these opioid receptors
leads to nociception via one of three mechanisms:
(1) inhibition of Ca?* influx and reduction in sub-
stance P release, (2) hyperpolarizing the neurons
of nociceptive pathways or (3) modulating the
limbic system to alter the perception of painful
stimuli [5].

The pharmacokinetic profile of each agent
determines the effect observed in clinical prac-
tice. All opioids are highly soluble weak bases at
physiologic pH that depend on reaching their tar-
get neuronal site to exert their desired effect. The
clinical use of opioids is determined largely by
potency, pKa, lipid solubility and protein bind-
ing. PKa correlates with the ratio of ionized to
unionized molecules in the solution and thus with
how quickly the substance will cross the blood-
brain barrier (BBB). Similarly, a highly lipid-
soluble opioid such as fentanyl can cross the
BBB quickly despite its high pKa, allowing for a

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2026 77
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quick onset of action. Additionally, there are
unique adverse effects and metabolites that must
be considered by clinicians. For example, mor-
phine can cause significant histamine release, and
its active metabolite, morphine-6-glutamate, can
cause life-threatening respiratory depression in
patients with renal disease. The choice of agent
needs to consider the desired onset and duration
of action, with special attention given to patient
comorbidities and tolerance to opioids preopera-
tively [5].

Non-opioids can be used in conjunction with
opioids in the postoperative phase. Such medica-
tions include acetaminophen, nonsteroidal anti-
inflammatory drugs (NSAIDs), gabapentinoids,
lidocaine, ketamine, skeletal muscle relaxants,
and antidepressants. These drugs vary in terms of
mechanism of action. Acetaminophen, also
known as paracetamol, is one of the most used
medications in the perioperative phase. Despite
this, its mechanism of action is still not com-
pletely elucidated. In part, acetaminophen acts
through inhibition of prostaglandin synthesis,
thereby altering nociceptive processes in the
descending serotoninergic pathways centrally [6,
7]. Tt is also postulated that acetaminophen pro-
duces analgesia peripherally through increasing
activity of the endocannabinoid pathway [8].
NSAIDs work similarly to acetaminophen
through inhibition of cyclooxygenase (COX)
enzymes, specifically COX-1 and COX-2, lead-
ing to the inhibition of prostaglandin synthesis.
NSAIDs can be categorized based on their selec-
tivity of COX inhibition, with medications such
as ibuprofen, aspirin, diclofenac, and naproxen
being equally selective for COX-1 and COX-2
inhibition, and drugs such as meloxicam and
celecoxib having higher selectivity for COX-2
inhibition [9]. Inhibition of COX-2 is primarily
responsible for the analgesic effects of NSAIDs
[9, 10]. Gabapentinoids, such as pregabalin and
gabapentin, have also been used for postsurgical
pain relief. The full mechanism of gabapenti-
noids is not fully elucidated. Gabapentin was
designed to be a GABA (gamma-aminobutyric
acid) analogue but has not been shown to bind to
GABA receptors [11]. Instead, it is thought that
gabapentin produces analgesia through binding

to the auxiliary alpha-2-delta subunit of voltage-
dependent calcium channels, thereby modulating
excitability of neurons and inhibiting release of
neurotransmitters involved in neuropathic pain
[12, 13]. Gabapentin is also thought to play a role
in inhibiting serotonergic facilitation and stimu-
lating descending inhibition [14]. Pregabalin is
structurally similar to gabapentin, with a similar
mechanism of action in producing analgesia
through binding of the alpha-2-delta subunit of
voltage-dependent calcium channels [15, 16].
Intravenous lidocaine can be used for postopera-
tive analgesia; studies suggest that lidocaine acts
by blocking sodium, potassium and calcium
channels in the dorsal root ganglion, reducing the
excitability of neurons, thereby producing anal-
gesia [17, 18]. Ketamine is a non-competitive
N-methyl-D-aspartate (NMDA) and glutamate
receptor antagonist [19]. Analgesic properties of
ketamine also arises from ketamine’s role as a
partial mu-receptor agonist [20] and through
inhibiting dopamine and serotonin uptake,
thereby leading to an increase in the descending
inhibitory serotoninergic pathway [19]. In con-
junction with opioids, spasmolytic drugs such as
cyclobenzaprine, baclofen, tizanidine, and meth-
ocarbamol can be used postoperatively to help
with pain relief. Cyclobenzaprine, a skeletal
muscle relaxant, acts as a serotonin-receptor
antagonist that targets central descending seroto-
nergic pathways in the spinal cord [21]. Baclofen
is a presynaptic and postsynaptic GABA agonist
and allows for decreased glutamic acid release
and increased GABA inhibition. Tizanidine is an
alpha-2-adrenergic agonist in the spinal cord and
causes decreased spasticity through increased
presynaptic inhibition. The mechanism of action
of methocarbamol, another skeletal muscle relax-
ant, is not fully elucidated; it is thought that
methocarbamol acts centrally on spinal interneu-
rons and decreases polysynaptic reflexes and
muscle contractility [22]. Other medications that
can be used as adjuncts to opioids include antide-
pressants. Such medications include tricyclic
antidepressants (TCAs), selective serotonin reup-
take inhibitors (SSRIs), and serotonin-
noradrenaline reuptake inhibitors (SNRIs) [23].
The mechanism by which these medications pro-
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duce analgesia is not completely understood,
though it is postulated that these medications can
alter central levels of serotonin and noradrenaline
and inhibit neuropathic pain [24].

Clinical Applications/Techniques

Ideally, the plan for pain control has been formu-
lated and implemented by the time the patient is
admitted to the recovery unit. However, it is very
common for patients to experience breakthrough
pain, with one report acknowledging that up to
30% of patients experience severe postoperative
pain within the first 24 h [25]. Ultimately, the
safe use of opioids as analgesics in the postopera-
tive period depends on matching the needs and
comorbidities of the patient with the pharmacoki-
netic profile of the medication. Considerations
from the patient perspective include comorbidi-
ties (respiratory comorbidities, obstructive sleep
apnea, coronary disease, opioid use history), con-
current medications (benzodiazepines and neuro-
leptics can potentiate the respiratory-depressant
effects of opioids), and discharge planning [26].
All parenteral opioids should be titrated to the
desired analgesic effect with continuous respira-
tory and cardiac monitoring. The availability of
emergency equipment and personnel to intervene
immediately in cases of respiratory depression is
crucial for the safe administration of opioids
[27]. Intravenous opioids are administered as
either IV boluses or patient-controlled analgesics
(PCAs). PCA has the benefits of providing patient
autonomy, adapting to specific patient needs, fast
onset of action, and improved patient satisfaction
[28]. However, patients in the early phases of
recovery often have yet to regain awareness to
manage the PCA. Dosing recommendations are
specific for opioid-naive patients, and careful
adjustments should be made for opioid-tolerant
individuals. Morphine is the standard opioid to
which all others are compared. Onset is slower
due to its hydrophilic nature, with a peak effect at
20 min. Dosing is 1-3 mg every 5-10 min.
Hydromorphone has a faster onset and shorter
duration of action and is dosed in 0.2-0.5 mg
increments every 5—10 min. Fentanyl is a highly

potent synthetic opioid with a quick onset of
<1 min. The duration of action of the initial bolus
of 25-100 mcg can be as short as 30 min, so
redosing with a longer-acting opioid may be
needed. Meperidine is less commonly used due
to concerns about its active metabolite, norme-
peridine, which exhibits excitatory effects that
can cause tremors and seizures. Dosing starts at
25-50 mg and is typically given as a one-time
dose for breakthrough pain [29].

Oral administration of analgesics provides a
safe and effective mechanism for analgesia in
patients who can tolerate po. Common oral for-
mulations can also be combined with acetamino-
phen or ibuprofen to enhance the analgesic effects
[29]. Compared with parental opioids, oxyco-
done and hydrocodone are frequently used oral
opioids that have a much longer duration of
action and can facilitate discharge from the
recovery unit. Dosing is 5-10 mg every 4 h, with
the dose adjusted based on patient age and kidney
and renal function. Codeine is a weaker opioid
that depends on hepatic conversion to morphine
for its analgesic effect. The FDA issued a black
box warning in 2012 to avoid its use in children
following tonsillectomy due to its highly variable
effect and risk of respiratory depression [30].
Tramadol is a weak opioid agonist that also
exhibits serotonergic properties. It can be used at
doses of 50-100 mg for mild to moderate pain or
in patients at greater risk of respiratory
complications.

Non-opioid medications for postoperative
pain can be given either orally or intravenously.
Standard dosing for acetaminophen, if not given
pre-operatively or intraoperatively, ranges from
325 to 1000 mg for a one-time dose. A meta-
analysis of randomized controlled trials per-
formed in 2015 found no benefit in providing
doses above 1 g of acetaminophen [31]. Some
studies have found no benefit of intravenous acet-
aminophen to oral acetaminophen in controlling
pain in the immediate postoperative period [32,
33]. Common NSAIDs given postoperatively
include ketorolac, ibuprofen, and celecoxib.
Generally, these medications are relatively con-
traindicated in patients with renal or cardiac
disease, or those with gastrointestinal bleeding or
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high risk for bleeding risk in the postoperating
phase [34, 35]. Ketorolac can be given either
orally or intravenously; oral dosing is generally
20 mg, and intravenous dosing ranges from 15 to
30 mg. Ibuprofen can be given either orally or
intravenously as well, with dosing ranging from
200 to 800 mg. Oral celecoxib dosing ranges
from 200 to 400 mg. While other medications
such as gabapentinoids, lidocaine, ketamine,
muscle relaxants, and antidepressants can also be
used as non-opioid adjuncts, these are less com-
monly used in the immediate postoperative
phase. While many studies support the use of
non-opioid adjuncts, which combination of med-
ications, optimal dose, and timing of administra-
tion have yet to be determined.

Evidence-Based Practices

The safe administration of perioperative opioids
requires clinicians to balance patient comfort and
a plethora of potential adverse effects. Acutely,
one must monitor for hypoxic events while con-
sidering the fact that up to 3% of opioid-naive
patients may develop chronic opioid use >90 days
[36]. The updated 2022 CDC guidelines on opi-
oid therapy include the management of acute
pain and reinforce the recommendation to mini-
mize the dose and duration of opioid therapy to
optimize analgesic effects while preventing
unwanted side effects [37]. Nevertheless,
untreated postoperative pain remains a pervasive
problem, and opioids are the backbone of a mul-
timodal approach to pain control [38].

Enhanced recovery after surgery (ERAS) pro-
tocols can differ across healthcare institutions
and across different types of surgeries. However,
the underlying principle of ERAS protocols share
the same goal of reducing postoperative pain.
These pathways can be split into pre-operative,
intra-operative, and postoperative phases. In all
phases, both opioid and non-opioid medications
are recommended. Non-opioid adjuncts are used
to reduce opioid requirements and, thereby, also
reduce the risk of opioid-related side effects such
as ileus, respiratory depression, pruritus and
opioid-induced nausea and vomiting; however,

opioids may still be required for controlling mod-
erate to severe pain. In an ERAS protocol devel-
oped at the Stony Brook University Hospital,
patients undergoing lumbar fusion surgeries
received both PCA and 1500 mg methocarbamol
in the PACU [39]. An ERAS protocol designed at
the Massachusetts General Hospital for patients
undergoing colorectal surgery includes the use of
15 mg of IV ketorolac, 100 mg of gabapentin and
1000 mg of oral acetaminophen in the PACU; in
this pathway, narcotic use is to be minimized, and
PCAs were not ordered in the immediate postop-
erative period [40]. Another example of an ERAS
protocol involves the use of opioids, systemic
acetaminophen and diclofenac after thoracic sur-
gery [41]. Overall, ERAS protocols in the post-
operative phase utilizes both opioids and
non-opioid medications.

Case Studies/Clinical Scenarios

Case 1 A 38-year-old female with a past medi-
cal history significant for obesity (BMI of 35),
obstructive sleep apnea (OSA) and history of
postoperative nausea and vomiting (PONV) pres-
ents for a scheduled laparoscopic appendectomy.
She has no history of opioid use and denies any
drug use or smoking history; she drinks a glass of
wine socially, every 3 months. How can her pain
be managed in PACU?

Recommendations: For this opioid-naive
patient, special considerations to be given to her
history of obesity, OSA and PONV when consid-
ering her postoperative pain medication regimen.
In addition to pre-operative and intraoperative
multimodal pain management including the use
of regional nerve blocks, PACU medications
should also involve both opioids and non-opioid
medication adjuncts. Care should be taken to
limit the amount of opioid medication to decrease
risk of respiratory depression associated with
opioids, as well as opioid-induced nausea. If she
has not been given preoperative or intraoperative
acetaminophen, she should be given 1000 mg of
oral acetaminophen. She can also be given 30 mg
of IV ketorolac as well. If her pain is still not well
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tolerated, we would recommend trialing oral
oxycodone 5 mg. Small amounts of IV fentanyl
(25 mcg) can be given as needed to help with ini-
tial break-through pain; opioid use should be
used judiciously due to the risk of opioid-related
respiratory depression and nausea, especially in
obese patients who are opioid-naive and have his-
tory of OSA and PONV. If the patient does not
tolerate oral medication, IV formulations can be
used.

Case 2 A 65-year-old male with failed back syn-
drome who underwent total knee arthroplasty.
His pain has been managed with a spinal cord
stimulator, gabapentin, and oxycodone for break-
through pain. The patient opted for a general
anesthetic and now has severe pain in the
PACU. How can his pain be addressed?

Recommendations: The patient has experi-
enced chronic pain and is opioid tolerant.
Tolerance to the analgesic effects can develop at
a faster rate than tolerance to the respiratory
depressant effect, leaving the patient vulnerable
to pulmonary complications [42]. Titration of
hydromorphone IV in 0.5 mg increments should
occur with careful monitoring of the patient’s
respiratory status. Assuming that nonopioid
options are exhausted, intravenous opioids should
be used as a bridge to a regional block, such as an
adductor canal or pericapsular nerve group
(PENG) block. As the patient recovers, the
patient can transition to oral oxycodone 5-10 mg
or a PCA with hydromorphone.

Future Directions/Research

There remains much to explore and understand
about acute postoperative pain management.
Mechanisms of non-opioid adjuncts such as acet-
aminophen and gabapentinoids are still not com-
pletely understood. New medications such as
oliceridine [43] and new formularies of existing
medications such as sublingual sufentanil [44]
and intravenous oxycodone [45] are also being
developed, which can impact postoperative pain
management. There is growing interest in how

genetics can affect predisposition and sensitivity
to acute postoperative pain and how genetic dif-
ferences can affect the pharmacokinetics and
pharmacodynamics of opioid and non-opioid
medications [46]. Advances in pharmacogenetic
testing may lead to customized postoperative
pain management regimens [47]. In addition to
using pharmacogenetics to develop more tailored
pain management recommendations, future stud-
ies can also be done to optimize ERAS protocols
through investigation of optimal regimen, timing,
and doses for opioid and non-opioid medications
in the acute postoperative phase.

Key Takeaways

* Opioids remain the mainstay for perioperative
pain management.

* Patient comorbidities and medication profiles
are critical considerations in medication
selection.

* Non-opioid analgesics are important adjuncts
to reduce perioperative opioid requirements.

* Non-opioid analgesics can have unique side
effects which may preclude its use in certain
patient populations.

* Enhanced Recovery After Surgery programs
can be implemented for efficient and effective
use of perioperative analgesics at a
systems-level.
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Regional Analgesia Techniques:

11

Details the Application of Regional
Analgesia in Postoperative Pain

Management

Justin Jones, Taleb Husein,
Nicolas Mario Mas D. Alessandro,
and Hesham Elsharkawy

Introduction

Postoperatively, patients experience acute pain as
a consequence of surgical procedures. This pain
results from a combination of physiological
responses and subjective perceptions. Acute,
uncontrolled pain can progress to chronic pain,
impacting patients physiologically, socially, and
economically. It often results in prolonged hospi-
tal stays, increased long-term use of pain medica-
tions, and the necessity for future medical
interventions. Chronic postoperative pain refers
to localized surgical site pain that persists for at
least 3 months after surgery [1].

Effective pain management is essential for
enhanced recovery after surgery (ERAS).
Multimodal analgesia, a widely accepted
approach, provides balanced perioperative pain
management, with regional anesthesia playing a
crucial role within this framework [2, 3].

In this chapter, we will review regional anal-
gesia techniques. We will discuss recent advance-
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ments, future directions, and exploring both
traditional and novel nerve blocks. Additionally,
we will highlight the challenges and consider-
ations that pain specialists must take into account.

Background and Current
Understanding

Regional anesthesia techniques are vital for
effective perioperative pain management, as they
block nerve transmission with local anesthetics
to prevent pain. This targeted approach enhances
recovery and minimizes systemic side effects of
surgery [4-6].

Advancements in ultrasound technology have
improved regional anesthesia by allowing direct
visualization of nerves, enhancing needle place-
ment accuracy, and reducing complications.
Techniques like ultrasound-guided fascial plane
blocks offer effective alternatives to traditional
methods such as thoracic epidurals, especially in
breast and thoracic surgeries [5, 6].

These blocks primarily achieve pain relief by
blocking sensory nerve transmission within fas-
cial planes and peripheral nociceptors. While
some systemic absorption of local anesthetics
may occur, it is not the main contributor to anal-
gesia. The use of adjuncts like dexamethasone

85

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2026
P. Gulur et al. (eds.), Perioperative Pain Management, https://doi.org/10.1007/978-3-032-11484-6_11


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-032-11484-6_11&domain=pdf
https://doi.org/10.1007/978-3-032-11484-6_11#DOI
R
New Stamp


86

J. Jonesetal.

and liposomal bupivacaine can further enhance
block efficacy and duration [7, 8].

Implementing acute pain services that inte-
grate these advanced regional techniques is
essential for improving multimodal pain manage-
ment, fostering collaboration among specialists,
and optimizing patient outcomes.

Regional Techniques

Interscalene

The interscalene block is a regional anesthesia
technique for shoulder and upper arm surgeries.
It targets the C5—C7 roots of the brachial plexus
in the interscalene groove.

On ultrasound, the C5-C7 roots appear as
round, hypoechoic structures, distinguishable
from distal honeycomb patterns. Key landmarks
include the “stoplight sign” (aligned C5, upper
C6, and lower C6 fascicles) and the C7 transverse
process with its small anterior tubercle. The long
thoracic and dorsal scapular nerves can also be
visualized within the middle scalene muscle. The
procedure involves identifying the interscalene
groove at the C6 level using a high-frequency
transducer and tracing the plexus cephalad from
the supraclavicular region. Injection of local
anesthetic under ultrasound guidance ensures
optimal spread while minimizing risks to adja-
cent structures like vessels and the pleura [9, 10].

While effective for analgesia, potential com-
plications include phrenic nerve paralysis, pneu-
mothorax, intrathecal injection, and Horner’s
syndrome, making patient selection critical [11].

Supraclavicular

The brachial plexus consists of five roots origi-
nating from the ventral divisions of C5 to T1,
situated between the anterior and middle scalene
muscles. The anterior scalene originates from the
anterior tubercles of the transverse processes of
C3-C6 and inserts on the first rib’s scalene tuber-
cle, while the middle scalene arises from the pos-
terior tubercles of the transverse processes of
C2-C7 and inserts on the first rib. These roots
converge to form three trunks, upper, middle, and
lower, within the triangular interscalene groove,

which widens as the muscles approach their
insertion on the first rib. The subclavian artery
runs anterior to the lower trunk of the plexus.

During a supraclavicular block, there is a risk
of pleural injury at the pleural dome and the first
intercostal space. The pleural dome, located
medial to the anterior scalene muscle, is the apex
of the parietal pleura defined by the first rib. In
contrast, the first intercostal space is primarily
infraclavicular and should not be accessed during
proper block administration.

The supraclavicular block targets the brachial
plexus at the nerve trunks and divisions, provid-
ing analgesia from the mid-humerus to the hand.
Ultrasound is used to visualize the plexus above
the clavicle. Potential complications include
pneumothorax, phrenic nerve paralysis, Horner’s
syndrome, and laryngeal nerve paralysis [12].

Infraclavicular

The procedure starts with finding the arterial
pulse on the ultrasound, which acts as a key refer-
ence point. Although the deep location of the bra-
chial plexus makes visualizing the needle and
nearby anatomy more difficult. However, care-
fully injecting local anesthetic in a U-shape
around the axillary artery can still achieve effec-
tive pain relief.

Anatomically, the axillary artery is positioned
beneath the pectoralis major and minor muscles,
making it essential to obtain clear images of both
muscles and their respective fascia. The three
cords of the brachial plexus—the lateral, poste-
rior, and medial cords—are typically located
around the axillary artery, though their visualiza-
tion may vary due to anatomical differences
among patients. The ultrasound transducer is
adjusted to view the axillary artery in cross-
section, which usually occurs at depths of 3-5 cm
in average-sized individuals. Successful identifi-
cation of these structures allows for precise tar-
geting of the brachial plexus during the block
procedure.

Clinically, the infraclavicular brachial plexus
block is effective for providing anesthesia to the
upper limb below the shoulder. For patients
requiring analgesia on the medial aspect of the
upper arm, a supplemental subcutaneous injection
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can be administered. This approach is advanta-
geous as it reduces the risk of complications such
as phrenic nerve paralysis and pneumothorax,
which are more common with nerve blocks per-
formed above the clavicle. Overall, the infracla-
vicular nerve block is an essential technique for
delivering analgesia from the elbow to the hand,
making it a valuable option in both surgical and
postoperative settings [13].

Axillary

The axillary brachial plexus block is a straight-
forward procedure with a lower risk of complica-
tions compared to interscalene and supraclavicular
blocks, making it ideal in cases where access to
the upper brachial plexus is limited due to infec-
tion or venous catheters. Local anesthetic around
the axillary artery usually provides effective
anesthesia, even without individual nerve
identification.

Ultrasound imaging is crucial for accurately
locating the axillary artery and surrounding
nerves. The median nerve is positioned lateral
and superficial to the artery, the ulnar nerve is
medial and superficial, and the radial nerve is
posterior to the artery. The musculocutaneous
nerve is typically found between the biceps and
coracobrachialis muscles. During the proce-
dure, the arm is positioned at a 90-degree angle
to facilitate transducer placement. After identi-
fying the axillary artery and nerves, local anes-
thetic is injected around the artery, often
requiring multiple injections for comprehensive
coverage. Continuous ultrasound-guided blocks
can enhance analgesia through catheter place-
ment near the brachial plexus branches. Proper
technique and monitoring are essential to mini-
mize complications such as intravascular injec-
tion [14].

Femoral Nerve Block

The femoral nerve block is an effective anesthetic
technique for surgeries involving the anterior
thigh and superficial procedures on the medial
leg, such as quadriceps tendon repairs and post-
operative pain management following femur and
knee surgeries. This technique not only provides
immediate pain relief but also enhances overall

pain management when performed continuously,
significantly reducing opioid consumption and
improving analgesia compared to traditional par-
enteral methods.

Anatomically, the femoral nerve originates
from the lumbar plexus (L2-L4) and travels
beneath the fascia iliaca, entering the thigh just
below the inguinal ligament, positioned laterally
to the femoral artery. It then divides into anterior
and posterior branches, which innervate key
muscles and provide sensory input to the anterior
and medial thigh. Understanding the precise
location of the femoral nerve is essential for
effective block placement, as improper technique
can lead to quadriceps weakness, increasing the
risk of falls.

Utilizing ultrasound guidance for the femoral
nerve block significantly enhances precision,
allowing clinicians to visualize the spread of local
anesthetic and adjust needle placement as neces-
sary. This approach reduces the risk of complica-
tions, such as puncturing the femoral artery. While
nerve stimulation can offer additional safety
insights regarding the needle-nerve relationship,
it is not strictly necessary for a successful block.
The procedure begins by locating the femoral
artery at the femoral crease, with adjustments
made to isolate the artery and visualize the femo-
ral nerve, which appears as a hyperechoic, trian-
gular or oval structure at a depth of 2—4 cm. Proper
transducer management, including slight tilting
and optimal pressure application, is crucial to
avoid collapsing adjacent veins while ensuring
effective local anesthetic distribution. A success-
ful block will anesthetize the anterior and medial
thigh down to the knee, extending to a variable
strip of skin on the medial leg and foot, affecting
the hip, knee, and ankle joints [15].

Adductor Canal Nerve Block

The sartorius muscle runs diagonally across the
anterior thigh, forming a “roof”” over the adductor
canal, which is bordered laterally by the vastus
medialis and medially by the adductor longus or
magnus. The saphenous nerve appears as a small,
hyperechoic structure anterior to the femoral
artery and is accompanied by the femoral vein,
typically visualized at a depth of 2-3 cm.
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The adductor canal block targets the saphe-
nous nerve to provide analgesia for knee and
medial lower leg surgeries, performed at the mid-
thigh level. This technique offers effective pain
relief while minimizing motor block, allowing
for improved ambulation postoperatively.

Anatomically, the saphenous nerve pierces the
fascia lata between the sartorius and gracilis ten-
dons above the knee, running closely alongside
the femoral artery and other vessels. Below the
knee, it travels adjacent to the great saphenous
vein. While primarily a sensory block, injecting a
large volume of local anesthetic into the subsar-
torial space can also affect motor function in the
vastus medialis, necessitating caution regarding
patient ambulation following the procedure [16].

Sciatic Nerve Block at the Popliteal

Fossa

The sciatic nerve block is an effective anesthetic
method for managing pain in the posterior thigh
and lower leg. The procedure begins with the
ultrasound transducer positioned transversely at
the popliteal crease to locate the popliteal artery,
typically at a depth of 3—4 cm. The accompany-
ing popliteal vein is positioned just superficial to
the artery, while the biceps femoris muscle is lat-
eral and the semimembranosus and semitendino-
sus muscles are medial.

The tibial nerve appears as a hyperechoic,
oval structure located superficial and lateral to
the vein. Visualizing the nerve can be aided by
instructing the patient to dorsiflex and plantarflex
their ankle, which helps differentiate the sciatic
nerve branches. The common peroneal nerve
(CPN) is found slightly more superficial and lat-
eral to the tibial nerve. As the transducer is moved
proximally, adjustments in depth and angle are
essential to keep the sciatic nerve visible, typi-
cally located at a depth of 2—4 cm.

The block provides anesthesia to the posterior
thigh and lower leg, excluding a small medial
strip innervated by the saphenous nerve. It spe-
cifically targets the tibial and peroneal branches
of the sciatic nerve, with various approaches
available, including transgluteal, subgluteal,
anterior thigh, and popliteal fossa methods.

Clinicians must be cautious of potential motor
block effects, such as foot drop, which increase
fall risk [17].

Obturator Nerve Block

The obturator nerve block is used to provide anal-
gesia for surgeries involving the hip and knee, as
well as during transurethral resections of bladder
tumors to prevent contraction of the adductor
muscles that places the patient at risk of bladder
rupture [18]. The proximal approach identifies the
obturator nerve between the pectineus muscle and
the obturator externus muscle. The proximal
approach requires only one injection. In the distal
approach, the transducer is placed in the inguinal
crease and identifying the anterior branch between
the pectineus and adductor brevis muscle. Then
the posterior branch is identified in the plane of
adductor brevis and adductor magnus muscles.

Fascial Plane Blocks

Pectoral Nerve Block

Pectoral nerve blocks, commonly referred to as
PECS 1 and 2, target the medial pectoral nerve,
lateral pectoral nerve, and long thoracic nerve.
The local anesthesia is deposited between the
pectoralis major and pectoralis minor above the
third or fourth rib. The PEC 2 block consists of
depositing local anesthetic between the pectoralis
minor and serratus anterior muscle. The PEC 2
block is used for breast surgeries, placement of
cardiac pacemakers, defibrillators, or other ante-
rior chest wall surgeries [19].

Erector Spinae Plane Block

Erector spinae plane (ESP) blocks are gaining
prominence for providing regional analgesia
across various surgical procedures in the thoracic
and abdominal regions. This paraspinal fascial
plane block involves depositing local anesthesia
between the erector spinae muscles and the trans-
verse processes of the vertebrae, allowing the
anesthetic to spread to spinal nerve roots. The
evidence supporting ESP blocks is mixed, with
indications inconsistent and many based on clini-


R
New Stamp


11 Regional Analgesia Techniques: Details the Application of Regional Analgesia in Postoperative Pain... 89

cal experience. While some studies reported
reduced pain scores and lower opioid consump-
tion after colorectal surgeries and lumbar spine
surgery [20, 21] there are other case reports that
describe its use in various other surgical proce-
dures [22]. There is also literature suggesting that
this block does not improve pain management
[23]. Future research should focus on refining
techniques, dosages, and comparisons with other
analgesic approaches and truncal blocks [24].

Serratus Anterior Plane Block

The serratus anterior block uses ultrasound guid-
ance to deposit local anesthesia between the ser-
ratus anterior muscle and the latissimus dorsi, or
instead between the serratus anterior muscle and
external intercostal muscle. This block targets
lateral cutaneous thoracic intercostal nerves to
numb the thorax and is used for patients who
have anterolateral rib fractures, breast surgeries,
and thoracotomies. Pneumothorax is a risk of the
serratus anterior block [25].

Transversus Abdominus Plane Block

The transversus abdominal plane block is an
ultrasound-guided block where local anesthesic
is deposited between the transversus abdominis
and internal oblique muscles of the abdomen
that target the anterior rami of spinal nerves T6—
L1. The block can be done unilaterally or bilat-
erally. Perforation of abdominal contents may
occur when completing this block. The block is
used to provide pain relief after abdominal sur-
geries [25].

External Oblique Intercostal Plane

The external oblique intercostal plane block is a
novel block that targets the anterior and lateral
cutaneous branches of the T7-T9 intercostal
nerves. The block is performed under ultrasound
guidance at the sixth rib at the anterior axillary
line, and local anesthesia is deposited between
the external oblique and intercostal muscles. The
block is indicated to cover upper lateral abdomi-
nal incisions [26].

Quadratus Lumborum Nerve Block

The quadratus lumborum (QL) is an ultrasound-
guided block used for analgesia after abdominal
and pelvic surgeries. There are several variations
of the QL block with different nomenclature
based on where the needle is located during local
anesthesia injection, such as lateral/QL1, poste-
rior/QL2, and anterior/QL3 [21]. The local anes-
thetic spreads along the thoracolumbar fascia,
which contains mechanoreceptors, nociceptors,
and sympathetic nerve fibers [27].

Rhomboid Intercostal Plane Block

The rhomboid intercostal plane block provides
analgesia for thoracic surgeries. The injection
occurs between the rhomboid muscle and inter-
costal muscles medial to the scapula at the T6 and
T7 ribs [8].

Clavipectoral Fascial Plane Block

The clavipectoral fascial plan block is an
ultrasound-guided nerve block to provide analge-
sia to the clavicle. Indications are for clavicle
fractures and surgery. The needle tip is placed
between the clavipectoral fascia and the ostium
of the clavicle, and local anesthesia is deposited
[28, 29]. While the indications of this block are
somewhat unclear, randomized controlled trials
(RCTs) and case reports support that this inter-
vention can reduce pain, decrease opioid con-
sumption, and promote early mobilization in
surgeries such as breast procedures, thoracoto-
mies, and rib fractures.

Epidural

Epidural anesthesia is primarily used as an
adjunct to general anesthesia (GA) in thoracic
surgeries, especially for postoperative pain man-
agement. It may enhance analgesia and reduce
the need for opioids, but its use carries risks such
as intraoperative hypotension and bradycardia.
The effectiveness of timing for initiating epidural
analgesia—whether intraoperatively or postop-
eratively—remains debated. A sensory level from
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T1-T10 is generally adequate for thoracotomy
procedures.

For breast surgeries, a mid- to upper thoracic
epidural can improve postoperative outcomes,
including pain relief and reduced nausea. Sensory
levels vary based on the procedure: T1-T7 for
breast augmentation and C5-L1 for mastectomy
with TRAM flap reconstruction.

Epidural anesthesia can also be beneficial in
upper abdominal surgeries, such as esophagec-
tomy and gastrectomy, improving pain control
and reducing pulmonary complications. For
supragingival vascular procedures, a mid-thoracic
epidural enhances pain management while allow-
ing for better hemodynamic stability. In urology,
neuraxial anesthesia can be used for prostatec-
tomy and nephrectomy, offering advantages like
reduced blood loss and improved recovery.

Overall, epidural anesthesia is a versatile tool
that can significantly enhance postoperative
recovery across various surgical disciplines when
used appropriately.

Adjuncts to Nerve Blocks

Dexamethasone

Dexamethasone is a corticosteroid used to treat
inflammation. When added to local anesthesia,
multiple studies have shown that dexamethasone
prolongs the sensory block for an average of 6 h
[8]. Additionally, dexamethasone may prolong
the duration of analgesia when administered sys-
temically. Although dexamethasone increases
serum glucose [30].

Dexmedetomidine

Dexmedetomidine is an alpha 2 adrenergic ago-
nist thought to have an effect centrally and on
peripheral nerves. Studies report single-shot
blocks can be extended by 4-5 h by the addition
of it. The side effects are bradycardia and hypo-
tension [30].

Clonidine

Clonidine is an alpha-adrenergic agonist that can
prolong blocks for 2 h. Side effects are bradycar-
dia and hypotension [30].

Buprenorphine

Buprenorphine is a partial opioid agonist reported
to have local anesthesia activity. Studies report
that when added to local anesthesia, it can pro-
long a single-shot nerve block for 8 h. Side effects
are nausea and vomiting [30].

Epinephrine

Epinephrine is one of the oldest and most widely
used adjuncts for peripheral nerve blocks. It is
thought that the vasoconstriction helps the local
anesthesia stay around the nerve and prevents
absorption by systemic circulation. It also can indi-
cate if the injection of the local mixture is intravas-
cular. There are reports that the vasoconstriction
caused by epinephrine may be neurotoxic [31].

Sodium Bicarbonate

Sodium bicarbonate has been added to nerve
blocks to decrease the time of onset and pain on
injection. Bicarbonate may reduce the time to
neuraxial onset, however, not when added to
peripheral nerve block solutions [31].

Liposomal Bupivacaine

Bupivacaine is a long-acting amide local anes-
thetic used in peripheral nerve blocks. In 2011, a
formulation of liposomal encapsulated bupiva-
caine was approved by the FDA for injection into
surgical incisions then expanded to peripheral
nerve blocks [32]. The lipid encapsulation is
thought to delay the release of bupivacaine and
increase the duration of the block. This long-
acting formulation is a possible alternative to
nerve catheters [33]. Recent studies are showing
that liposomal bupivacaine does not provide the
long-lasting analgesic effect compared to non-
liposomal encapsulated bupivacaine [32].

Evidence-Based Practices

There has long been a debate about the benefits
of regional anesthesia versus general anesthesia.
However, the argument often rests on the patient
and what procedure they are undergoing. The use
of ultrasound has increased the safety and effi-
cacy of regional anesthesia over the past decades.
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Hospital Discharge

The use of regional anesthesia has been shown to
reduce hospital discharge time [34]. The same
study reported a decreased mortality with
regional anesthesia compared to general anesthe-
sia [34].

Hospital Mortality

Two Cochrane reviews indicated that the use of
epidural anesthesia after abdominal surgery
reduced the risk of postoperative mechanical
ventilation, myocardial infarction, and renal
complications [35, 36]. However, employing epi-
durals in cardiac surgery did not reduce stroke,
myocardial infarction, or mortality [37].
Additionally, employing spinal anesthesia in
elderly patients undergoing hip surgery reduced
mortality when compared to general anesthesia
[38].

Cost of Regional vs. General
Anesthesia Ambulatory Setting

Ambulatory surgery patients are frequently
healthier than patients requiring postoperative
admissions. A systematic review showed that
regional anesthesia cost less than general anes-
thesia for multiple ambulatory surgeries [39]
Patients who received regional anesthesia had a
reduced cost partially due to bypassing phase 1 of
recovery and shorter post anesthesia care unit
stays [39, 40].

Pulmonary Disease

A study comparing epidural, spinal, and periph-
eral nerve blocks found decreased postoperative
pulmonary complications [41]. Interestingly,
when epidural was compared to general anesthe-
sia, there were not improved outcomes [41].
Another study found that using regional anesthe-

sia in elderly patients undergoing hip surgery
decreased postoperative pulmonary complica-
tions such as infection and the need for mechani-
cal ventilation [42].

Prevention of Chronic
Postoperative Pain

A Cochrane review looked at multiple surgeries
and pain 6-12 months after surgery and found
that a paravertebral block compared to general
anesthesia may prevent chronic pain in thoracot-
omies and breast surgeries [43]. There has not
been a significant study yet showing that regional
anesthesia can prevent the occurrence of phan-
tom limb pain.

Reduced Opioid Use

Regional anesthesia can reduce opioid use when
considering the location of the surgery and
patient demographics. Metanalysis of multiple
diverse surgeries found that pain treated with a
continuous peripheral nerve catheter reduced
opioid requirements and increased patient satis-
faction when compared to treating with opioids
alone [41].

Patient Satisfaction

For upper extremity surgery, one study reported
greater patient satisfaction with regional anesthe-
sia compared to general anesthesia [44].
Although, another study looking at upper extrem-
ity surgery reported patients had more satisfac-
tion with general anesthesia compared to regional
anesthesia [43]. A large review of an international
registry looking at multiple surgeries reported
that they would undergo a repeat nerve block
[45]. Patient preoperative education may help
relieve some patient anxiety and provide an
opportunity to inform them of the benefits of
regional anesthesia [37].


R
New Stamp


92

J. Jonesetal.

Regional Compared to Other Forms
of Analgesia

Benefits of regional anesthesia compared to sys-
temic medications are that a nerve block can last
hours. Systemic medication needs to be dosed
hourly and may require the patient contacting a
nurse or doctor. Local anesthesia has fewer sys-
temic side effects.

The benefits for regional anesthesia over gen-
eral anesthesia likely involve multiple surgical
and patient factors. When determining what
regional anesthesia technique to use, doctors
should consider the current best available evi-
dence regarding surgery and the patient. Patient
comorbidities may also limit which regional
anesthesia technique we can use. For example, an
anticoagulated patient with recent cardiac stents
may not be the ideal epidural candidate [7].

Side Effects and Complications
to Peripheral Nerve Blocks
and Catheters

* [Inadvertent Catheter Removal: Inadvertent
catheter removal occurs in 1% of cases with
popliteal catheters secured by tunneling and in
1.4% of femoral catheters secured with adhe-
sive strips or transparent dressings. Suturing
catheters has been shown to reduce premature
removal rates. The use of 2-octyl cyanoacry-
late (Dermabond®) can safely secure catheters
but may complicate their removal. Effective
techniques for securing peripheral nerve cath-
eters (PNCs) have decreased the risks of inad-
vertent removal, with a reported 1% incidence
for ambulatory interscalene catheters using
skin sealant and locking devices.

e Catheter Kinking, Knotting, and Looping:
Complications related to catheter placement
are rare; however, it is recommended to
advance catheters 3—10 cm beyond the needle
tip to minimize risks. In cases of knotted cath-
eters, fluoroscopy-guided retrieval may be
necessary. Case reports have indicated that
difficulties with catheter removal can arise,
sometimes requiring surgical intervention.

e Infectious Complications of PNCs: Local
inflammation (0-13.7%) and infections
(0-3.2%) are infrequent, while colonization
rates range from 7.5% to 57%. The highest
colonization rates occur in femoral and axil-
lary catheters, primarily due to skin flora,
especially Staphylococcus epidermidis. The
risk of infection increases with prolonged
catheter indwelling, trauma, and the absence
of antibiotics. Adherence to aseptic tech-
niques, including the use of chlorhexidine, is
essential to minimize infection rates. Studies
indicate that administering antibiotics during
PNC placement and postoperative antibiotics
can significantly reduce the risk of
colonization.

* Accidental Vascular Puncture and Hematoma
Formation: Vascular puncture occurs in 5.7%
of femoral and 6.6% of sciatic catheters.
Significant bleeding and complications are
rare, though hematoma formation has been
reported with certain anticoagulant therapies.

e PNCs and Anticoagulation: Adherence to
American Society of Regional Anesthesia
guidelines is recommended for patients on
anticoagulation therapy.

» Case reports indicate complications related to
anticoagulation during PNC removal.

e Local Anesthetic Systemic Toxicity (LAST):
Local anesthetic systemic toxicity (LAST)
presents as mild symptoms like dizziness and
tinnitus or severe CNS and cardiovascular
events, including seizures and cardiac arrest.
While supportive care and lipid emulsion ther-
apy have improved outcomes, LAST remains
a significant risk, highlighting the need for
proper dosing, careful technique, and
vigilance.

Challenges and Considerations

Limitations to effective postoperative pain
control can involve patient-specific barriers,
providers, and challenges in the healthcare sys-
tem [21, 22].

The preoperative planning for neuraxial or
regional anesthesia use begins with a thorough
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discussion between the surgical team, anesthesi-
ologist, and the patient to develop a perioperative
plan that fits the patient’s needs. For example, the
proper preoperative education about the advan-
tages of the use of neuraxial anesthesia instead of
general anesthesia may improve a patient’s desire
to choose neuraxial anesthesia for knee replace-
ment surgery [46].

Elderly patients with underlying cardiac, respi-
ratory, and neurological conditions are increas-
ingly undergoing joint replacement procedures. It
is important to evaluate the use of anticoagulation
and antiplatelet therapies when considering
regional techniques. The risk of bleeding varies
based on the site and depth of the nerve block [47].

Regional and neuraxial anesthesia in the pedi-
atric population is increasing as a part of the mul-
timodal pain management approach [9]. The
effect of general anesthesia and the use of opioids
on developing brains have been studied for
decades. The fear of long-term effects might
remain questionable, especially with patients
undergoing multiple anesthesia exposures. The
use of regional and neuraxial anesthesia could be
an alternative to general anesthesia in neonates
and pediatric age groups.

Case Study: Thoracic Epidural vs.
Chest Wall Blocks for Bilateral Lung
Transplant

Patient Profile

* 70-year-old male patient undergoing bilateral
lung transplant

* Past Medical History: Interstitial lung disease
on 5 liters of oxygen, pulmonary hyperten-
sion, atrial fibrillation, T2DM

» Past Surgical History: Inguinal hernia repair,
total hip arthroplasty

Preoperative Assessment

e ASAclass 4

e Pulmonary Status: Baseline oxygen use
5 liters/min, daily albuterol use, tadalafil for
pulmonary hypertension

» Cardiovascular Status: A-fib on Elquis

Anesthetic Plan

* General Anesthesia with endotracheal tube

* Hemodynamic monitoring with A-line and
central venous line

* Intraoperative use of norepinephrine, vaso-
pressin, and heprain

¢ Plan for thoracic epidural for pain control post
extubation.

Postoperative Pain Management

* Patient extubated on postoperative day 1

e Pain was managed with Fentanyl PCA,
Tylenol, Gabapentin but the patient was still
complaining of severe incisional pain

* Postoperative deep venous thrombosis in Left
leg for which patient was started on low
molecular weight heparin

* Thoracic epidural can’t be inserted due to the
risk of neuraxial hematoma

* Anesthesiologist performed Bilateral Erector
Spinae Blocks under ultrasound guidance.

* Anesthetic mixture used include 40 ml of
0.25% Bupivicaine and 20 ml 1.3% Liposomal
Bupivicaine

Outcomes

e Pain was adequately controlled after the
blocks

» Patient was transferred from ICU to the regu-
lar floor on room air

Discussion
Although thoracic epidural analgesia (TEA) may
provide optimal analgesia after thoracotomy,
paravertebral block (PVB) and emerging fascial
plane blocks may offer effective alternatives.
Thoracic epidural has shown many benefits
for patients undergoing lung transplantation. The
use of thoracic epidural improves the patients’
pain and satisfaction. The surgical approach is
usually through posterolateral thoracotomy or
bilateral thoracosternotomy (clam-shell) inci-
sions, which causes severe postoperative pain.
The source of the pain includes intercostal nerves,
ribs, pleura, and thoracic muscles [48]. In addi-
tion, thoracic epidural usage has shown benefits
in reducing the duration of mechanical ventila-
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tion, respiratory complications, and overall ICU
stay [49].

Alternatives for thoracic epidurals have been
evolving, including chest wall blocks and inter-
costal nerve cryoablations. Cryoanalgesia has
been shown to be an effective substitute for tho-
racic epidurals, especially with patients suffering
from hypotension or patients receiving anticoag-
ulation [48].

Future Directions and Research

Postoperative pain is often sub-optimally treated
and remains a challenge to manage [50].
However, further studies are needed to evaluate
the efficacy and safety of these techniques com-
pared to conventional methods and local anes-
thetics. Future research should focus on
prolonging analgesia using the least invasive
regional techniques while comparing new local
anesthetics with existing ones [51] .

The future of perioperative pain management
may be a personalized plan based on the patient’s
surgery, medical history, current medications,
socioeconomic and demographic factors, base-
line testing, pharmacogenetics, and trajectory
modeling. Such an approach will allow for
advanced preoperative planning and provide
patients with a truly patient-centered experience
[52].

Postoperative anxiety may be stabilized by
multimodal approaches to pain management that
include regional anesthetic blocks and biobehav-
ioral interventions [53].

Excellence in regional anesthesia can be
achieved by combining adequate sono-anatomical
knowledge with skilled needle-transducer experi-
ence [54]. The training of neuraxial and periph-
eral nerve block performance can be augmented
by using simulation aids [55]. These simulation
models are crucial for patient safety and improve
the first pass attempt. The combination of high-
sensitivity software and human body manikins
can be adopted by training programs. Moreover,
the advances in ultrasound software including the
use of 3D and 4D imaging will provide the prac-
titioner with better needle visualization [56].

Multimedia online resources for regional
anesthesia are part of the e-learning experience in
the twenty-first century [57]. Anatomy textbooks,
previously the gold standard for regional anesthe-
siologists, have been replaced by various online
platforms providing up-to-date videos, 3-D
images, and techniques to master regional
anesthesia.
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Introduction

Globally, most perioperative pain treatment strat-
egies rely primarily on pharmacologic manage-
ment. Despite the prevalence of pharmacologic
therapies, multimodal regimens remain the gold
standard for perioperative pain management.

A patient’s overall experience of pain is more
complex than the painful sensation itself. It is not
merely the activation of pain receptors; the pain
experience is a biopsychosocial phenomenon—
emotional components such as anxiety, fear,
anticipation of pain, and the memory of pain can
all greatly magnify or diminish the intensity of
the experience.

This chapter briefly introduces nonpharmaco-
logic modalities available to treat perioperative
pain and ease the associated physical and emo-
tional components. The modalities discussed in
this chapter include music therapy, acupuncture,
physical manipulation/positioning, massage ther-
apy, meditation, aromatherapy, and virtual reality
technologies.

M. Lavani - C. Jennings - V. Graff (><))
Department of Anesthesiology & Critical Care,
University of Pennsylvania Perelman School of
Medicine, Philadelphia, PA, USA

e-mail: veena.graff @pennmedicine.upenn.edu

Background and Current
Understanding

Since ancient times, music has been used as a
therapeutic and healing aid. It has long been
informally understood to have spiritual, emo-
tional, and physical healing qualities, and today,
there is growing scientific interest in its therapeu-
tic effects, particularly its potential to treat pain.
By providing a sense of distraction from the
source of pain, it can produce favorable changes
in heart rate, blood pressure, and respiratory rate
and patterns [1]. This calming effect reduces
stress and anxiety, lowering the emotional
response to pain.

Acupuncture has been an important part of
traditional Chinese medicine for thousands of
years. The practice entails inserting needles into
specific body locations, known as acupuncture
points or acupoints, to trigger physiological reac-
tions that restore equilibrium and encourage
healing. Acupuncture is widely used to manage
pain, especially chronic pain. Many clinical trials
and meta-analyses have shown it to be beneficial
in lowering pain intensity, boosting quality of
life, and improving function in a variety of popu-
lations [2].

Perioperative positioning is an essential part
of pain management and prevention, as it helps
prevent injury to the patient and optimizes surgi-
cal access.
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Massage therapy has been used for centuries
to help alleviate pain. To ease stress and pain, a
therapeutic massage involves kneading or rub-
bing areas of the body, such as muscles and
joints, usually with the hands. In the periopera-
tive setting, implementing massage can aid pain
management by reducing pain and anxiety [3].

The goal of meditation is to focus the mind to
attain stability and clarity. Meditation and the
practice of mindfulness and mental focus can be
effective in addressing the psychological compo-
nents of pain, which are a major part of the over-
all distress experienced by the patient, particularly
with chronic pain.

For centuries, essential oils have been used in
traditional and folk medicine to improve a variety
of therapeutic goals, including overall well-
being, relaxation, relief of stress and anxiety, and
reduction of sleep disturbances and some may
also have direct physiological benefits through
analgesia or by fighting inflammatory processes.
Essential oils can be inhaled, applied to or mas-
saged into the skin [4].

Virtual reality immerses users in a computer-
generated environment that mimics a realistic
experience through the combination of vision,
sound, and haptics (mechanically generated sen-
sations). Users can look around and interact with
the virtual environment as if they were physically
there. Virtual experience provides many different
effects, ranging from distraction of the patient’s
attention from pain to training responses to real
or phantom pain [5].

Clinical Applications
and Techniques

The diversity of available nonpharmacologic
techniques provides many opportunities to
increase patient well-being. Nevertheless, a lack
of familiarity with the methods and the difficulty
of standardization have presented barriers to
entry for many doctors. However, the following
techniques can be applied effectively.
Acupuncture is effective against many kinds
of pain and other factors, including depression,
nausea, and even migraine prevention [6].

Children’s hospitals across America provide acu-
puncture services to prevent and treat illnesses.
For example, the Medical Acupuncture Service
through Boston Children’s Anesthesiology
Department uses the LI-4 acupuncture point,
called “He Gu” in Chinese, for chronic tension
headache treatment. LI-4 is posteriorly between
the first and second metacarpal bones, and firm
pressure to this area is thought to help ease head-
aches [7]. The scientific theory underlying acu-
puncture is believed to involve the release of
endorphins and other neurotransmitters in the
central nervous system that modulate pain
perception.

It is known and practiced that surgical posi-
tioning, prolonged periods spent in one position
with limited mobility, can lead to increased pain,
patient discomfort, and injury. Frequent reposi-
tioning and elevating of the affected area can
reduce pressure, improve blood circulation, and
decrease muscle stiffness and cramping.

Massage can stimulate blood flow and reduce
muscle tension, stress, and anxiety, which play a
role in pain. This can decrease the experience of
pain and reduce the need for analgesic agents,
improving outcomes.

Evidence-Based Practices: Recent
Research and Clinical Trials

Nonpharmacologic techniques can be used in
multimodal treatment in the perioperative setting,
but what evidence is available that these tech-
niques are effective and safe?

Music affects the pain experience by distract-
ing a patient from the source. It can also have an
indirect but significant effect by producing favor-
able changes in heart rate, blood pressure, and
respiratory rate and patterns. A systematic review
and meta-analysis conducted by the Department
of Anesthesiology at the Hospital of Guangzhou
University of Chinese Medicine by Guanzhu Li
examined 19 randomized controlled trials, and
the results showed statistically significant reduc-
tions in postoperative pain and anxiety and
decreased fluctuations in blood pressure and
heart rate [1].
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Acupuncture has been studied many times,
and based on a paper by Nielsen including 17
meta-analyses and 22 systematic reviews, there
seems to be validity in acupuncture as an adjunct
treatment to treat acute pain and reduce opioid
reliance [2].

Systematic reviews and meta-analyses of ran-
domized controlled trials involving individuals in
the general population with pain indicated that
massage therapy should be strongly recommended
as a pain management alternative and additionally
shows benefit for anxiety treatment [3].

An integrated review conducted in 2019 on
guided imagery relaxation therapy for postopera-
tive pain management revealed that medication
was an effective adjuvant to meditation-assisted
analgesia. In a 2018 prospective, randomized,
controlled study, patients exposed to intraopera-
tive music had significantly lower postoperative
pain and anxiety and better psychological well-
being than did patients in the control group. This
study examined the use of intraoperative music
as an adjunct to subarachnoid block for improv-
ing postoperative outcomes following cesarean
section [8].

The effect of the inhalation of geranium oils
on pain and physiological indices after an appen-
dectomy, compared to those who did not receive
this form of treatment, showed significant and
favorable differences in terms of the mean heart
rate, systolic and diastolic blood pressure, blood
oxygen percentage, and pain [9]. Due to its
effects on the mind and body, aromatherapy can
be viewed as one component of a multimodal
approach to pain management.

Virtual reality has not been an established
methodology in the perioperative setting. In one
RCT published by the Journal of the American
Medical Association, virtual reality in the form of
playing Angry Birds for 15 min 4 days after head
and neck surgery reduced the need for opioids for
up to 8 h after intervention. This intervention was
compared to the use of Angry Birds without vir-
tual reality on a handheld smartphone [7]. Many
randomized clinical trials have demonstrated that
patients receiving VR interventions have lower
postoperative pain scores than those receiving
standard care.

Challenges and Considerations

Many of these techniques have not been exten-
sively used, particularly in Western medicine,
and therefore have not been adequately studied.
Further engagement from providers and patients
would help the medical community and patient
care facilities improve our understanding of how
best to apply these techniques.

In addition to the further need for research, the
implementation of adjunct perioperative pain
therapies remains a challenge, as there are no
official guidelines on their use. A lack of a stan-
dard of implementation limits the understanding
of the efficacy and the subjective responses to
therapies, as providers may be discouraged from
new techniques requiring training, resources, and
time. In addition, cost remains a forefront barrier
to implementation. These modalities require fur-
ther training and specialists to provide services,
increasing costs. With more experience and use,
adjunctive therapies can become the standard of
care and potentially justify the cost of patient
satisfaction.

Case Studies or Clinical Scenarios

There are numerous ways to implement nonphar-
macologic pain management therapies in periop-
erative and clinical settings.

An example of how this can be implemented
can be shown in a fictional example: a 67-year-
old female arrives for a cholecystectomy. She
arrives in the preoperative area visibly anxious.
She is offered a combination of music therapy,
aromatherapy, and virtual reality as adjuncts to
her pain plan.

She is given noise-canceling headphones with
a selection of soothing music playlists. She
chooses classical music. She is offered a lavender
stick, which appears to help her relax; she takes a
few deep breaths, helping her feel calm. Before
entering the operating room, she is offered a VR
experience that takes her through a peaceful walk
on the beach.

In the postoperative setting, these therapies
may also be continued. The same soothing
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classical playlist is played in the recovery area as
she regains full consciousness. A lavender spray
is used.

The calming qualities of lavender and chamo-
mile help create a relaxing preoperative and post-
operative atmosphere. Surgical incisions or tired
muscles may help cool the surgical site and reduce
discomfort. It has also been used to help alleviate
postoperative nausea. One study in the journal of
Asian Nursing Research showed that aromather-
apy utilized in patients undergoing cholecystec-
tomy was effective in reducing stress and pain [4].

This example demonstrates how non-
pharmacologic therapies including music ther-
apy, aromatherapy, and virtual reality can be used
to effectively manage pain and reduce anxiety.
By combining these strategies, the anesthesia
team may provide a comprehensive approach to
perioperative care by reducing the need for phar-
maceutical interventions and improving the
patient experience overall.

Future Directions and Research:
This Section Discusses Potential
Future Developments and Areas
for Further Research

There are many areas in which high-quality
research on nonpharmacologic pain treatments is
needed. Individual studies support the use of aro-
matherapy, music, acupuncture, etc., as compo-
nents of a program to reduce pain and anxiety in
the perioperative period, but concrete and stan-
dardized guidelines are needed.

For instance, what types of music are most
effective in perioperative, postoperative, and
chronic pain settings? Which acupuncture tech-
niques are effective, for which surgical proce-
dures they are wused, and wunder what
circumstances? Which positions or massages
provide the most relief for patients? How can
adequate meditation or mindfulness be ensured
in the perioperative setting? What are the most
effective essential oil mixes and application tech-
niques for aromatherapy? What should practitio-
ners show or emphasize about VR both
preoperatively and postoperatively?

Most adjunctive therapies need general guide-
lines to help with standardized implementation.
Although this approach would be difficult to
implement due to the differences in resources in
hospitals across the country, basic guidelines can
streamline and ease the process of implementing
music, aroma, acupuncture, meditation, and
mechanical compression therapies. Furthermore,
standard guidelines make it easier to conduct

meaningful research on the efficacy of
treatment.
Key Takeaways

There are holistic practices that can address pain
in the perioperative setting.

As we use multimodal pharmacologic regi-
mens to treat pain, we should also use cost-
effective and noninvasive strategies.

Current research illuminates the possible
advantages of music therapy, acupuncture, posi-
tioning, massage, meditation, aromatherapy, and
virtual reality, although further research and
practical implementation have yet to become
standardized.

It is important to address both the physiologi-
cal causes and psychological perceptions that can
exacerbate pain.

Pain is a subjective and individualized experi-
ence. One happy implication of this fact is that
the individual differences that make us experi-
ence pain differently provide the scope for diverse
treatment modalities.
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(Subacute and Chronic Inpatient
Pain): Explores Design
and Operation of an Inpatient Pain

Service

Brenda Beck, Emma Fu, and Faria Nisar

Introduction

There are a growing number of surgical proce-
dures performed each year, and managing acute
postoperative pain can be challenging. The
undertreatment of acute postsurgical pain can
lead to various complications, including delayed
recovery, increased length of hospital stays,
increased economic costs, as well as chronic or
persistent postsurgical pain (PPP) [1, 2]. PPP
can have a prevalence of 10-50% [3]; thus, post-
surgical patients are at risk of chronic opioid
use, which can lead to opioid dependence and
increased health care costs related to chronic
pain [4]. In addition, chronic pain patients hav-
ing surgery are at an increased risk of develop-
ing PPP [1].
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An inpatient pain service or inpatient pain
team (IPT) aims to provide a comprehensive and
multimodal pain control (MMPC) approach to
the management of hospitalized patients with
acute, subacute, or chronic pain. The IPT is often
built around a collaborative multidisciplinary
team. It can also be a subset of a Transitional Pain
Service (TPS) or function within different ser-
vice models: an acute pain service (with focus on
surgical and trauma patients), chronic pain man-
agement, or a consultative model.

The IPT can help facilitate the perioperative
management of inpatient analgesic care in the
pharmacologic, interventional, and psychologi-
cal realms [3, 5]. As part of the patient’s inpatient
or postsurgical hospital stay, an IPT can help
institute an MMPC analgesic regimen (that is,
utilizing two or more agents in different classes)
for optimizing postoperative pain control [6].
Chronic pain interventions such as radiofre-
quency ablation (RFA), cryoneurolysis, Botox
injections, and neuromodulation can also be con-
sidered as treatment modalities in the periopera-
tive setting [7]. These approaches would aim to
reduce acute postoperative pain, (especially for
those patients at risk of PPP) but can also offer
longer-standing relief of pain for patients await-
ing surgery.
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Background and Current
Understanding

Pain can be inherently difficult to manage due to
its” subjective nature. The pain experience can be
both physiological and emotional, with patients
having a varying threshold for the perception of
and the response to different components of pain
[1]. This can be true in the outpatient and inpa-
tient settings. With the rising number of elective
surgical procedures performed, there is a proba-
bility of encountering a patient with chronic pain
on chronic opioid therapy. This can pose a risk to
poorly managed postoperative pain due to opioid
tolerance and hyperalgesia. Complex patients can
consist of those with underlying chronic pain, but
also with a history of underlying substance use
disorder. Management of these patients in the
outpatient and inpatient setting can be difficult. It
can be challenging to manage acute-on-chronic
or acute pain in the perioperative setting in these
patient subgroups, as both conditions are associ-
ated with worse postoperative outcomes includ-
ing refractory pain, decreased functional status,
increased readmission rates, and increased eco-
nomic costs [1].

Complete pain relief (especially after a sur-
gery) may not be achievable. Rather, the focus
should be on restoring or increasing functional
status [1].

Clinical Applications
and Techniques

An IPT can be comprised of physicians (attend-
ings, fellows, and residents), nurses, physician
assistants, psychologists, physiotherapists, occu-
pational therapists, or pharmacists [5, 8]. An IPT
can be made up of a standalone team (led by an
anesthesiologist physician or pain management-
trained physician) or a hybrid model in which the
anesthesiologist covers operating room obliga-
tions and the hospital floor [9]. It can also be
blended with the acute pain service (APS) or
regional anesthesia (RA) team, as studies have
implicated that an inpatient APS/RA service can

help lower overall hospital length of stay and
decrease opioid consumption postoperatively [9].
The goal of the IPT is (based on each individual
patient’s needs) to effectively manage acute,
acute-on-chronic pain, or chronic pain while
maintaining patient function for daily activities
and helping aid their participation in the recovery
process. Patients on long-term opioid therapy for
chronic pain can develop tolerance and may
require higher doses of opioids or more potent
opioids after an operation or traumatic injury.
This can generate fear and uncertainty among
general providers which in turn can lead to the
overtreatment with opioids that may necessitate
naloxone use [10]. Thus, as inadequately con-
trolled acute pain can increase the risk of devel-
oping chronic pain, the institution of an IPT can
help manage complex inpatient patients with the
overall goals of lowering opioid consumption,
increasing functional status, and monitoring the
efficacy of the given interventions.

Patients with multiple repeat admissions due
to pain, high outpatient opiate usage (greater than
180 mg oral morphine equivalence), or a history
of substance abuse would benefit from an evalua-
tion by the IPT [5]. Other patients who could be
referred to the IPT service include those followed
by the APS for more than 3 days postoperatively
due to poorly controlled postoperative pain [§],
patients consuming more than 90 mg/day of oral
morphine equivalents on postoperative day one,
patients with a plan to be discharged with long-
acting opioids, patients with psychological risk
factors for persistent opioid use (e.g., anxiety,
depression, high pain catastrophizing scores),
and patients with multiple emergency department
visits for pain-related issues. Patients with a his-
tory of chronic pain, drug abuse, current or previ-
ous opioid wusage, or on methadone or
buprenorphine maintenance therapy are at a
higher risk of developing PPP [8, 11]. The IPT
can work in conjunction with, or collaborate with
the Addiction Medicine team as well as the
Palliative Care team. The IPT can also facilitate
communication with regard to the analgesic plan
to the patient’s additional care providers in the
hospital or in the outpatient setting.
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Evidence-Based Practices

Postoperative pain can contribute to a patient’s
anxiety and fears around their surgical proce-
dure; postoperative pain has been reported as the
most feared surgical complication by patients [9].
A multimodal approach, rather than the use of
opioids alone, is a practice guideline [6]; thus, the
IPT should be knowledgeable in regional tech-
niques, MMPC regimens, be able to manage and/
or make recommendations for patient-controlled
analgesia (PCA), and be familiar with analgesic
infusion therapies (ketamine and/or lidocaine).

Multimodal pharmacological strategies may
include the use of gabapentinoids, N-methyl-D-
aspartate (NMDA) receptor antagonists (ketamine,
memantine), tricyclic antidepressants (amitripty-
line, nortriptyline), serotonin-norepinephrine
reuptake inhibitors (duloxetine, venlafaxine), and
alpha-2 receptor agonists (clonidine, dexmedeto-
midine) [6, 7]. Meta-analyses of randomized con-
trolled trials report lower pain and decreased
opioid consumption when intravenous opioids are
combined with calcium channel blocking agents
(gabapentin, pregabalin) versus the use of intrave-
nous opioids alone [6]. Strong recommendations
exist (unless contraindicated) for the scheduled
use of acetaminophen, a cyclooxygenase-2 (COX-
2) selective non-steroidal anti-inflammatory
(NSAID), or a non-selective NSAID [6]. Non-
pharmacological management can include cogni-
tive behavioral therapy and acupuncture.

Chronic pain interventional techniques that
may have a role perioperatively to decrease pain
signal transmission include radiofrequency abla-
tion (RFA), cryoneurolysis, and neuromodula-
tion. RFA uses radiofrequency waves to heat the
surrounding tissue and nerve, leading to thermal
destruction by creating a localized lesion, thus
decreasing pain transmission. Cryoneurolysis
utilizes cold temperatures to achieve the block-
age of nerve conduction [7]. These techniques
may be particularly useful for joint pain (shoul-
der, hip, knee). Neuromodulation utilizes electri-
cal activity to activate large nerve fibers that, in
turn, dampen pain signal transmission of the
smaller pain nerve fibers [7].

Challenges and Considerations

Many centers are implementing a TPS and IPT as
there has been a realization of the need to “bridge
the gap” between acute perioperative pain and to
hasten the development of PPP [9]. However, dif-
ficulties may be faced in developing an IPT. This
can include staffing availability for 24/7 coverage
for inpatient pain services. With large institutions
or trauma hospitals, 24/7 coverage would be par-
amount; however, it may not be feasible, as is the
case at The MetroHealth System inpatient pain
team. Without around-the-clock coverage, this
could impact the consulting services’ satisfaction
regarding the ability to evaluate patients in a
timely manner, which in turn could negatively
impact the patients’ pain management [9].

The cost to implement and maintain an IPT
may also be a barrier for hospitals to offer this
service [12]. Interdisciplinary team rounds
could reduce the need for separate consulta-
tions, but starting with a consultative model by
assigning current staff (anesthesiologists) to see
consults could allow for the service to gradually
expand to limit upfront costs. A physician-led
team with trainees could allow for lower operat-
ing costs and more autonomy for the trainees
but, due to high turnover, would compromise
consistency in implementing protocols for inpa-
tient care [9]. Utilizing physician assistants and
nurse practitioners can allow for consistency
and established protocols but would increase
operating expenses [9].

In addition, interventional fluoroscopic guided
procedures may not be available to offer patients
in the inpatient setting. Thus, implementing
chronic pain interventions could be difficult due
to the lack of equipment, staffing, or space avail-
able to perform the procedure.

Case Studies or Clinical Scenarios

A middle-aged woman with a past medical his-
tory significant for anxiety, depression, bipolar
disorder, post-traumatic stress disorder (PTSD),
complex regional pain syndrome (CRPS) I of the
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lower extremity (with a spinal cord stimulator in
place), and fibromyalgia presents as a referral to
the TPS from her gynecologist. The patient is
experiencing irregular menses with menorrhagia
and is scheduled for a laparoscopic hysterectomy.
The surgical team is seeking guidance on postop-
erative pain control.

As an outpatient, she is maintained on ket-
amine/lidocaine infusions (30 mg/300 mg,
respectively) monthly, which help her pain from
CRPS I and fibromyalgia. She is maintained on
Topamax 75 mg at bedtime and doxepin 50 mg at
bedtime, and has oral oxycodone/acetaminophen
(5 mg/325 mg) once daily if needed for break-
through pain. A multidisciplinary approach is
recommended for perioperative pain control:
continuation of her home medications, oral oxy-
codone as needed for moderate and severe pain,
intravenous (IV) Dilaudid as needed for break-
through pain, regional anesthesia, and an intraop-
erative ketamine infusion.

On the day of surgery, the APS/RA team per-
forms a preoperative transversus abdominis plane
block bilaterally. Intraoperatively, the patient
intravenously receives 32 micrograms of dexme-
detomidine, 50 mg of Ketamine, and 30 mg of
Toradol. Postoperatively, the IPT makes their rec-
ommendations. She is continued on her Topamax
75 mg at bedtime and doxepin 50 mg at bedtime.
She is given scheduled Tylenol 1000 mg every
6 h and, per her surgical team, Celebrex 200 mg
twice daily. She is allowed oral oxycodone 5 mg
and 10 mg every 4 h as needed for moderate/
severe pain, respectively, along with IV Dilaudid
0.2 mg every 4 h as needed for breakthrough
pain. The patient reports greater than expected
postoperative pain, but it is otherwise tolerable.
She consumed five doses of the 10 mg oral oxy-
codone and utilized two doses of the IV Dilaudid
for breakthrough pain throughout her hospital
stay. She is routinely discharged (on her home
medications, with a short course of oral oxyco-
done 5 mg every 6 h as needed) on post operative
day 1 with a tolerable amount of pain. She is
instructed to continue with her ketamine and
lidocaine infusions outpatient and will follow up
with her surgical team along with the TPS.

Future Directions and Research

While MMPC strategies (e.g., regional anesthe-
sia, intravenous lidocaine infusions, ketamine)
can be helpful in lowering opioid consumption
immediately postoperatively, studies in terms of
the long-term efficacy of these interventions in
reducing chronic opioid use after surgery are
lacking, and more research can be done when
looking at overall long-term consumption of opi-
oids [4]. Thus, utilizing additional analgesic
strategies including chronic pain interventions
can be considered. However, this may be difficult
to implement in the perioperative period due to
insurance coverage or the availability of proper
equipment in the hospital. More data is needed
on which patients would benefit the most from
these chronic pain interventions, as to date no
reliable model is available to predict greater-
than-expected acute pain and PPP [7]. In addi-
tion, research is needed to compare the
effectiveness of chronic pain interventions or the
combination of these interventions in preventing
PPP [7]. There is an emphasis on enhanced mul-
timodal analgesia. Novel sodium channel-
inhibiting medications are emerging to improve
acute pain management without the risks associ-
ated with opioids. In addition, incorporating
more nonpharmacologic strategies like cognitive
behavioral therapy, acupuncture, and virtual real-
ity can be considered in acute and chronic pain
management.

Key Takeaways

* There are a growing number of surgical proce-
dures performed each year.

e PPP can have a prevalence of 10-50% in sur-
gical patients, which leads to concern for opi-
oid dependence and increased health care
costs related to the management of chronic
pain.

e As part of a TPS, an inpatient pain team can
help facilitate the management of patients
with complex pain.
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Studies are still needed to examine whether an
MMPC strategy lowers the overall chronic,
long-term use of opioids after a surgery.
Chronic pain interventions can be considered
as part of the MMPC strategy. More data is
needed on which patients would benefit the
most, but can be considered in patients at the
highest risk for PPP.
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Anna McCarter, QiLiang Chen, and J. David Clark

Introduction

Chronic post-surgical pain (CPSP) is one of the
most common complications after surgery. It
negatively impacts patient satisfaction and qual-
ity of life, contributes to the opioid epidemic,
decreases societal productivity, and increases
healthcare spending. Identifying the risk factors
for CPSP and improving pain control in the acute
postoperative period could reduce the incidence
and severity of CPSP [1-3].

Background and Current
Understanding

Mechanisms implicated in the development of
CPSP include dysregulated inflammatory
responses to tissue damage and changes to cen-
tral and peripheral nervous system pain-
modulating pathways [4]. Central sensitization,
in which dysfunctional neural signaling in the
central nervous system alters the processing of
pain and sensory stimuli, is thought to be another
key driver for CPSP, and delineating this dys-
functional process could offer important clues for
treatment discovery [5-8].
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Pain Medicine, Stanford Medical School, Stanford
University, Palo Alto, CA, USA

e-mail: djclark @stanford.edu

Some patient and surgical factors associated
with the risk of developing CPSP have been iden-
tified. Gender, genetics, psychiatric conditions,
and chronic pain predispose patients to persistent
postoperative pain [5—7, 9-12]. Surgical factors
linked to the development of CPSP include the
type and duration of surgery, postoperative infec-
tion, neoadjuvant chemotherapy, and radiation
[3]. Perhaps unsurprisingly, the intensity and
duration of postoperative pain are also associated
with a greater incidence of CPSP [13-16]. These
topics are further discussed in other chapters.

Clinical Applications, Techniques,
and Evidence-Based Practices

Many approaches to reducing the risk of develop-
ing CPSP have been tried with variable success.
Studies examining the modification of surgical
techniques, such as minimally invasive surgery,
have shown mixed results [17, 18]. Instead, the
current chapter will focus on regional anesthesia
techniques and pharmacologic approaches for
treating complex perioperative pain. Although
these perioperative techniques have shown prom-
ise in reducing CPSP, many conclusions drawn
from studies are limited by small sample sizes,
disparate treatment parameters, and lack of strati-
fication of patients.
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Neuraxial and Regional Analgesia

Neuraxial analgesia, such as epidural catheters,
has long been utilized to attenuate the patient’s
physiologic response to surgery and provide
postoperative pain control. Thoracic epidural
analgesia improves postoperative pain and func-
tional outcomes after open abdominal and tho-
racic procedures, although their efficacy in
preventing CPSP is less clear [19, 20]. A 2013
Cochrane meta-analysis of seven studies encom-
passing 499 patients showed a reduction in CPSP
rates 6 months after thoracotomy with epidural
analgesia [21].

Regional analgesia techniques targeting the
neural plexus, particularly erector spinae plane
blocks and paravertebral blocks, may help pre-
vent CPSP. A meta-analysis of 40 RCTs showed
that regional anesthesia used perioperatively for
thoracotomy, breast surgery, and cesarean section
significantly reduced the incidence of CPSP [21].
Data regarding the use of regional anesthesia for
iliac crest bone graft, prostatectomy, and hyster-
ectomy was inconclusive in that same meta-
analysis. Based on the current literature, neuraxial
and regional analgesia may reduce the incidence
of CPSP in a subset of patients undergoing pain-
ful thoracic or abdominal surgery.

Other perineural anesthesia techniques target-
ing specific peripheral nerves to disrupt nocicep-
tive afferents have also risen in popularity for
both intraoperative and postoperative pain con-
trol. Examples include femoral nerve blocks for
hip procedures, adductor canal and popliteal
blocks for knee and ankle procedures, intersca-
lene blocks for shoulder procedures, and brachial
plexus nerve blocks for upper extremity proce-
dures. As these techniques have become more
prevalent, so too have studies regarding the
impact of perineural analgesia on the develop-
ment of CPSP. The best evidence exists for fas-
cial plane blocks in thoracic and abdominal
procedures; deep serratus anterior blocks reduce
CPSP at 3 months in one prospective cohort
study of patients undergoing breast-conserving
surgery and at three and 6 months in another RCT
of patients undergoing modified radical mastec-
tomy [22, 23]. The data on transverse abdominus

plane blocks is less clear: one study showed no
reduction of CPSP in colorectal surgery patients
who got transverse abdominus blocks, while
another study in inguinal hernia repair patients
failed to reach statistical significance [24, 25].
There is also less evidence for non-truncal
peripheral nerve blocks. A single study of 166
total knee replacement patients showed adductor
canal block and infiltration in the space between
the popliteal artery and the capsule of the poste-
rior knee significantly reduced CPSP incidence
2 years following the procedure [26]. There are
also few studies on peripheral nerve catheters for
the prevention of CPSP. One observational study
in patients undergoing below-the-knee amputa-
tions found that sciatic nerve perineural catheters
administering high-dose ropivacaine for a median
of 30 days resulted in lower rates of phantom
limb pain [27]. However, a recent multicenter
RCT comparing 6-day catheter perineural ropiva-
caine infusion to placebo for upper and lower
limb amputations saw no benefit at 12 months
[28]. More trials examining the efficacy of peri-
neural catheters for the prevention of CPSP in
other contexts are needed.

Local anesthesia infiltrated at the surgical
incision site has been shown to reduce early post-
operative pain. However, the literature on its role
in preventing CPSP remains elusive. For exam-
ple, one study of intraoperative bupivacaine infil-
tration at the incision in total knee arthroplasty
patients did not demonstrate a reduced incidence
of CPSP at 12 months, while another study of
open nephrectomy patients showed reduced
CPSP incidence with 72-h continuous infiltration
to the incision site [18, 21]. One reason for the
variable results from these studies might lie in the
duration of treatment, and their efficacy could
also be procedure- and site-dependent.

NMDA Antagonists

Activation of NMDA receptors is thought to
potentiate nociceptive inputs and is implicated in
CPSP through central sensitization following
surgery. Intravenous ketamine, an NMDA recep-
tor antagonist, has been shown to reduce opioid
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consumption and acute postoperative pain [29,
30]. A meta-analysis of 14 studies on periopera-
tive ketamine saw a modest but statistically sig-
nificant reduction in the incidence of CPSP [31].
However, the most recent Cochrane meta-
analysis of 27 studies encompassing more than
2700 patients showed no significant treatment
effect of ketamine on the prevalence of pain at 3-,
6-, or 12-month time points [32]. A specific
NMDA blocker, memantine, showed a statisti-
cally significant pain reduction in post-
mastectomy patients 3 months after surgery in a
small-scale clinical study, although RCTs exam-
ining this drug are still lacking [33].

Gabapentinoids

Gabapentinoids (e.g., gabapentin and its sister
drug, pregabalin) are anticonvulsant agents com-
monly used to treat neuropathic pain and have
increasingly been used to prevent CPSP. A meta-
analysis of 26 studies, including ~3700 patients,
showed pregabalin reduces the prevalence of
moderate to severe pain at three and 6 months
when it was administered for >24 h. Subgroup
analyses of this study demonstrated pregabalin
usage leads to significant pain reduction at
3 months following cardiac surgery or total knee
arthroplasty. However, post-hoc analyses failed
to show treatment effects when the medication
was administered for <24 h or for other types of
surgical procedures [32]. Although these medi-
cations are generally well-tolerated, one must
note the side-effect profile of gabapentinoids,
including sedation, respiratory depression, dizzi-
ness, and visual disturbances. This could increase
the risk of pulmonary complications and ICU
admissions, tempering enthusiasm about their
use in high-risk patients during the perioperative
period [34-36].

Intravenous Lidocaine Infusion
Intravenous (IV) lidocaine, an amide local anes-

thetic with analgesic and anti-inflammatory prop-
erties, has shown benefit for a subset of

post-surgical patients. Meta-analysis of ten stud-
ies, including 800 patients, demonstrated signifi-
cantly reduced pain at 6 months in breast surgery
patients who received less than 24 h of IV lido-
caine perioperatively. Similar results were seen
in patients undergoing robot-assisted thyroidec-
tomy and nephrectomy. A recent network meta-
analysis of 12 RCTs showed perioperative IV
lidocaine therapy significantly reduces CPSP
incidence at 6 months post-procedure [37].
However, there was limited evidence for pain
reduction beyond 6 months or opiate use in the
same network analysis. Interestingly, two RCTs
suggest that continuous intravenous local anes-
thetic infusion after breast cancer surgery may be
at least equally effective to regional analgesia
[38, 39]. There is a need for more studies com-
paring intravenous lidocaine with epidural anal-
gesia, particularly in terms of dosing and timing
of the infusion [32, 40]. Lastly, one must also
consider the practicality of prolonged lidocaine
infusions, as it necessitates frequent lidocaine-
level monitoring, which increases cost and labor,
making this intervention impractical for outpa-
tient surgery centers.

Antidepressants

The neurotransmitters serotonin and noradrena-
line are critical in nociceptive signaling and pro-
cessing in the central nervous system. Duloxetine,
a serotonin and norepinephrine reuptake inhibitor
(SNRI), has been used to ameliorate central sen-
sitization in fibromyalgia and peripheral neurop-
athy. A study examining a 6-week course of
duloxetine in patients undergoing total knee
arthroplasty who screened positive for central
sensitization preoperatively has reduced pain at
2—-12 weeks postoperatively [41]. Similar effi-
cacy at the 4- and 12-week timepoint was seen
when duloxetine was used in conjunction with
opiate therapy in a single-center RCT of 68 spine
patients [42]. However, another study in total
knee arthroplasty patients did not show any
improvement in pain in the duloxetine arm, sug-
gesting that only a particular subset of patients
may benefit most from duloxetine therapy [43].
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While tricyclic antidepressants and selective
serotonin reuptake inhibitors have also been used
in the management of chronic pain, studies
regarding their efficacy in preventing CPSP are
considered too heterogeneous to draw meaning-
ful conclusions [18, 44].

Alpha-2 Agonists

Alpha2-adrenoreceptor agonists, which have
sedative, analgesic, and sympatholytic proper-
ties, have also been studied for post-operative
pain control. A recent network meta-analysis of
dexmedetomidine (a highly selective alpha2 ago-
nist) showed data trends that it could reduce pain
and opiate when used short-term (less than
6 months) after surgery [37]. Clonidine, a less
selective alpha2-agonist than dexmedetomidine,
has also been used for the treatment of chronic
pain conditions. Intrathecal injection of clonidine
was shown to reduce cancer pain and chronic
pain from complex regional pain syndrome [45].
A study of intrathecal or epidural administration
of clonidine and bupivacaine significantly
reduced the incidence of CPSP after gastrointes-
tinal surgery at 6 and 12 months, compared with
bupivacaine alone [46]. However, the optimal
dosing and route of administration of these
alpha-2 agonists for preventing CPSP are not yet
known.

Reduction of Opioid Use
Perioperatively

It is believed that chronic preoperative opioid use
is associated with persistent postoperative pain.
Reduction of preoperative opioid use by greater
than 50% in patients undergoing knee surgery
has been shown to improve outcomes, including
pain scores, at 6 and 12 months postoperatively
[18]. On the other hand, the data on intraopera-
tive opioid use and CPSP is less clear. A high
intraoperative dose of remifentanil has been asso-
ciated with a higher incidence of CPSP following
cardiac surgery, but low-dose remifentanil used
in conjunction with propofol proved superior to

sevoflurane-based anesthesia in terms of CPSP
incidence [47-49]. A meta-analysis comparing
opioid-free general anesthesia to opioid-based
general anesthesia showed strict opioid-free
anesthesia could significantly reduce both post-
operative adverse events and opioid consump-
tion, while also lowering pain scores immediately
after surgery [50]. However, none of the studies
in this meta-analysis examined pain beyond 48 h
postoperatively. There is also limited clinical evi-
dence regarding postoperative opioid use and the
development of CPSP.

Other Pharmacologic Agents
of Multimodal Analgesia

Most studies on glucocorticoids and NSAIDs do
not support their use for the prevention of CPSP
[31, 32, 51-53]. No randomized controlled trial
has been conducted to examine the effect of acet-
aminophen on preventing CPSP. Other systemic
drugs without evidence that they reduce the inci-
dence of CPSP include magnesium and antispas-
modics [32].

Case Studies or Clinical Scenarios

Consider the case of a 40-year-old female patient
with a history of depression and anxiety, new
breast cancer, and a BRCA2+ diagnosis, under-
going bilateral mastectomy. A plan for intraop-
erative analgesia backed by current evidence
would include erector spinae plane blocks with a
catheter infusion of local anesthetic and multi-
modal pharmacologic management with dexme-
detomidine, NSAIDs, ketamine, and opiates as
needed. Postoperatively, the regional anesthesia
catheters should be continued, as well as sched-
uled acetaminophen and NSAIDs. A gabapenti-
noid could be used if the patient tolerates the side
effect profile. Duloxetine could also be utilized
postoperatively, though the duration of treatment
remains unclear. In the event of severe postopera-
tive pain refractory to these medications, intrave-
nous infusions of ketamine or lidocaine could be
considered.
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Challenges and Considerations

While recent studies and meta-analyses suggest
that neuraxial and regional analgesia, NMDA
antagonists, intravenous lidocaine, antidepres-
sants, and alpha2 agonists might prevent the
development of CPSP, there remain numerous
challenges in the clinical implementation of this
evidence. Developing accurate, personalized pre-
dictive models for identifying patients at risk of
developing CPSP remains challenging [54-57].
When assessing the current literature regarding
interventions for the prevention of CPSP, the
need for larger randomized controlled trials
becomes evident. Meta-analyses of the numerous
smaller trials are hampered by variance in dos-
ing, duration, and timing of pain assessment,
making it difficult to draw meaningful conclu-
sions about treatment strategies and efficacy of
the interventions. Finally, strategies for prevent-
ing the transition from acute post-surgical pain to
CPSP remain inadequate.

Key Takeaways

» Chronic post-surgical pain is pervasive, and
the mechanisms leading to its development
are complex.

* Patient factors and surgical approaches can
increase the likelihood of a patient experienc-
ing chronic post-surgical pain.

e Acute intervention in the perioperative and
postoperative period may reduce the incidence
of chronic post-surgical pain.

» Evidence-based methods to reduce the inci-
dence of chronic post-surgical pain include
the use of neuraxial and regional techniques,
ketamine, gabapentinoids, intravenous lido-
caine, SNRIs, and alpha-2 agonists.

» Future directions include better algorithms for
identifying patients at risk for the develop-
ment of chronic post-surgical pain, improved
treatments for the prevention of its develop-
ment, and more studies into multidisciplinary
management.

Future Directions and Research

There are few studies examining interventions at
greater than 6 months postoperatively; given the
chronic nature of CPSP, longer-term follow-up is
needed to assess the efficacy of interventions.
There is also a need for studies regarding multi-
modal pain regimens, as opposed to single-agent
interventions, for better understanding the syner-
gistic effects of these strategies. Another avenue
for future research is in multidisciplinary
approaches, combining physical therapy and psy-
chological support with therapeutics. Finally,
intraoperative and postoperative electroanalgesia
devices are in development, but they are not yet
widely used due to cost and limited data demon-
strating effectiveness [58]. Finally, a better
understanding of pathophysiologic mechanisms
that give rise to CPSP is needed to aid therapeutic
development.
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Introduction

Postoperative rehabilitative care is critical to
patients’ recovery after surgery and plays an
essential role in effective pain management.
Pharmacologic interventions for postoperative
pain control are increasingly complemented by
physical rehabilitation strategies, which not only
alleviate pain but also enhance overall functional
recovery. This chapter explores the scientific
principles, clinical applications, and evidence
supporting physical rehabilitation in postopera-
tive pain management. By reviewing fundamen-
tal concepts and modern clinical practices, we
aim to provide a comprehensive framework for
all clinicians involved in postoperative care.
Consider one of the world’s leading causes of
disability and pain, lumbar disc herniation: in one
study of patients requiring lumbar discectomy,
those who participated in an early, aggressive
postoperative medical exercise program had sub-
stantially lower pain and disability postopera-
tively [1]. Furthermore, given the long-term
safety record of rehabilitative approaches, there
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are compelling reasons to emphasize physical
rehabilitation in the postoperative period.

Background and Current
Understanding

Physical rehabilitation in postoperative pain
management is grounded in principles that priori-
tize restoring function, reducing pain, and pre-
venting complications. Specific goals vary by
body region, pain physiology, and rehabilitation-
specific diagnoses (e.g., amputations, brain
injury, spinal cord injury, and arthritis) [2]. In
general, however, primary goals include enhanc-
ing joint and muscle mobility, promoting tissue
healing through increased blood flow and reduced
inflammation, and improving overall quality of
life. These objectives are primarily achieved
through therapeutic exercises targeting muscle
strength and flexibility, in addition to manual
therapies to improve range of motion. Patient
education to ensure proper technique and adher-
ence is, of course, vital to long-term efficacy.
Thus, physical rehabilitation requires an interdis-
ciplinary team, including therapists, nurses, and
physicians, working collaboratively to optimize
outcomes by addressing the patient’s specific
rehabilitative needs.
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Clinical Applications
and Techniques

Preoperative Rehabilitation “Prehabilitation”
or “pre-hab” involves a regimen of exercises and
therapies designed to prepare a patient for upcom-
ing surgery. This proactive approach aims to
enhance strength, flexibility, and overall physical
condition, potentially leading to a quicker recov-
ery post-surgery. For instance, in the case of a
total knee replacement, pre-hab might include
targeted leg exercises to strengthen the quadri-
ceps and hamstrings. For shoulder replacement,
it could involve exercises to improve shoulder

mobility and strengthen the surrounding
muscles.
Early Mobilization Initiating movement

shortly after surgery, known as early mobiliza-
tion, is critical in preventing complications such
as deep vein thrombosis and muscle atrophy.
Studies consistently show that early mobiliza-
tion reduces hospital stay duration and recovery
time [3].

Therapeutic Exercise and Manipulation A
decrease in mobility, particularly of the spine,
hip, shoulder, and knee joints, has substantial
implications for lifelong pain and function.
Tailored exercise programs, including strength
training, flexibility exercises, and manual ther-
apy, are essential for postoperative care. These
interventions help restore joint mobility,
strengthen muscles, and reduce pain [4, 5].

Modalities for Pain Control Techniques such
as topical heat and cold application, therapeutic
ultrasound (US), and Transcutaneous Electrical
Nerve Stimulation (TENS) are frequently
employed postoperatively as part of multimodal
rehabilitative care. Topical cold therapy reduces
inflammation and numbs pain, while heat therapy
improves circulation and relaxes muscles. US
promotes warmth and blood flow, and TENS
interferes with the transmission of pain signals to
the brain [6].

Biofeedback This technique involves using
electronic monitoring (typically surface electro-
myography) to convey information about physi-
ological processes (e.g., muscle tension,
contractile effort). By providing real-time feed-
back about the degree of muscle activity, biofeed-
back encourages conscious changes in motor
output and improves postoperative muscle
strength, pain control, and functionality [7].
Proposed mechanisms of action are multifacto-
rial and may include leveraging Hebbian plastic-
ity or similar processes, which facilitate synaptic
changes through repeated practice [8].
Additionally, biofeedback may aid in reducing
stress and anxiety related to muscle tension, pro-
moting better overall recovery and rehabilitation
outcomes.

Assistive Devices and Adaptive
Techniques Tools such as prosthetics, orthotics,
and mobility aids (e.g., crutches, walkers) facili-
tate mobility and independence, allowing patients
to perform daily activities with less pain
(Table 15.1). In one study, postoperative device
users, when compared with controls, reported
higher levels of energy, less pain interference,
lower perceived pain, and less reliance on pain
medication, and returned to activities of daily liv-
ing faster [9].

Summary of mobility options and their poten-
tial benefits for postoperative device users.

Table 15.1 Mobility options and outcomes

Assistive

Device Description Benefits

Prosthetics  Artificial devices  Facilitate mobility,
that replace enhance
missing body independence
parts

Orthotics  Supportive device Provide stability,
for joints and reduce pain, and aid
muscles in functional

movement
Mobility Devices like Assist in movement,
aids crutches and reduce pain, and

walkers improve balance
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Multidisciplinary Approach Integrating multi-
ple healthcare professionals and perspectives is
essential to postoperative pain control, particu-
larly in complex or refractory cases. Given that
complex postoperative pain is multifactorial, it
follows that multimodal, multidisciplinary care is
preferred over a single pharmacologic or regional
intervention. This care model, at a minimum,
includes a pain specialist, physical therapist, and
nursing professional [10].

Patient Education and Engagement Educating
patients about their condition and involving them
in their rehabilitation plan improves adherence
and outcomes. For example, a study of a I-month
tailored educational program for patients after
breast cancer surgery showed that rehabilitation
education improved health literacy as well as
nearly all components of the International
Classification of Functioning, Disability, and
Health status [11].

Evidence-Based Practices

A robust body of evidence supports the efficacy
of physical rehabilitation in managing postopera-
tive pain. For instance, a systematic review of
clinical trials highlights that early mobilization
(often within 24 h of surgery) significantly
reduces length of stay, improves range of motion,
muscle strength, and health-related quality of life
as reported by patients, and does not increase the
risk of complications [12].

A recent meta-analysis of one physical modal-
ity in the postoperative period, TENS, demon-
strated a statistically significant decrease in
morphine requirements and the incidence of
postoperative nausea and vomiting, dizziness,
and pruritus [13].

Furthermore, a systematic review and meta-
analysis of randomized controlled trials pub-
lished in 2023 revealed moderate-certainty
evidence that prehabilitation (strength training
before surgery) improves function following total
knee replacement at 6 weeks postoperatively and
following lumbar surgery at 6 months [14].

Challenges and Considerations

Implementing physical rehabilitation postopera-
tively presents several challenges. Patient-
specific factors such as age, comorbidities, and
the type of surgery can influence the rehabilita-
tion process. Additionally, barriers to access,
including socioeconomic factors and geographi-
cal limitations, may hinder participation in reha-
bilitation programs.

Adherence to rehabilitation protocols is
another critical issue. Strategies to enhance
adherence should emphasize personalized care
plans, multimodal treatments, and multidisci-
plinary approaches. Ensuring cultural compe-
tence and tailoring interventions to meet the
needs of diverse patient populations are also
essential.

Future Directions and Research

Emerging technologies like virtual reality (VR)
and robotics offer exciting possibilities for post-
operative rehabilitation. VR can create immer-
sive rehabilitation environments that enhance
patient engagement and pain distraction. At the
same time, robotic-assisted therapy can provide
precise and repetitive movements crucial for
recovery with less physical reliance on care
providers.

Home-based tele-rehabilitation has emerged
as an alternative to traditional rehabilitation set-
tings. For example, a recent meta-analysis of
home versus hospital-based rehabilitation,
including data from nine studies with a total of
1,944 patients, showed comparable long-term
outcomes in pain, mobility, physical function,
and patient-reported health status after primary
total knee arthroplasty [15].

Large-scale studies are needed on the long-
term benefits of different rehabilitation tech-
niques and their cost-efficacy. Additionally,
exploration of precision medicine approaches,
such as personalized rehabilitation protocols
based on genetic and phenotypic characteristics,
could lead to more effective interventions.
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Interdisciplinary — approaches will likely
evolve, integrating novel therapies such as regen-
erative medicine and neuromodulation. Finally,
prehabilitation has shown promising results, sug-
gesting additional settings and protocols for the
use of physical medicine and rehabilitation in
perioperative care.

Key Takeaways

1. Understand the foundational principles of
physical rehabilitation and its role in postop-
erative pain management.

2. Recognize the state of the evidence of postop-
erative rehabilitation protocols.

3. Acknowledge the benefits of exercise and
early mobilization in reducing pain and
improving recovery.

4. Appreciate the value of a multidisciplinary
approach in providing comprehensive care
and optimizing rehabilitation outcomes.

5. Recognize the necessity of large-scale and
long-term studies to evaluate postoperative
rehabilitation’s efficacy and tailor rehabilita-
tion strategies to specific conditions.
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The development of chronic postsurgical pain
(CPSP) is a significant contributor to patient mor-
bidity. Evidence has shown that the incidence of
acute neuropathic pain after surgery is estimated
between 1% and 3% [1, 2]. Of these, more than
half are expected to transition to chronic pain [1],
as will others whose pain is missed at this early
stage or who develop pain at a later time. Given
the prevalence of chronic pain in postsurgical
patients, the need for acute, transitional, and
chronic pain management services is essential.
Transitional Pain Services (TPS) provides value
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to perioperative patients by enabling preoperative
assessments to gauge risk, educate, set expecta-
tions regarding pain management, optimize med-
ications, and intervene prior to surgery. In the
postoperative period, once an acute pain service
has signed off, the service can be contacted to
continue pain services in the subacute/transi-
tional pain period longitudinally on an outpatient
basis. This outpatient clinic model uses a multi-
disciplinary approach, including pain specialist
physicians, physiotherapists, nurse practitioners,
psychologists, and psychiatry, to support to
address postoperative pain, attempt to change
patient trajectories, and reduce the incidence of
chronic postsurgical pain as well as the develop-
ment of persistent opioid use.

Background and Current
Understanding

Chronic postsurgical pain is often defined as pain
related to a surgical procedure which persists for
at least 3 months [3, 4]. It is estimated that 8% of
all surgical patients (over 300 million surgeries
occur globally each year) report pain disability as
a consequence of their surgery at 12 months. An
acute pain which becomes chronic can have mul-
tiple deleterious physical, mental, and financial
effects which negatively impact patients’ quality

123


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-032-11484-6_16&domain=pdf
https://doi.org/10.1007/978-3-032-11484-6_16#DOI
mailto:hance.clarke@uhn.ca
R
New Stamp


124

E. Woodford et al.

of life. Additionally, evidence shows that chronic
pain can be associated with persistent postopera-
tive opioid use (PPOU) [3]. While definitions of
PPOU vary, many accept a timeframe of greater
than 3 months of opioid use after an operation
[5]. Some evidence has shown that the incidence
of PPOU is as high as 25% in opioid-naive and
75% of non-opioid-naive patients [6]. Access to
opioid medications in at-risk patients can poten-
tially lead to misuse and the development of an
opioid use disorder [5]. Furthermore, preopera-
tive opioid use is thought to be associated with
increased rates of postoperative complications,
CPSP, opioid misuse, and medical complications
including immunosuppression [7]. In the context
of the ongoing opioid epidemic within North
America and beyond, consensus statements/
guidelines have been created to reduce excessive
opioid prescribing in the postoperative setting
[8-10]. Outside of concerns of misuse, patients
with persistent postoperative opioid use are more
likely to rate their own global health lower and
rate their pain-related interference with mood,
work and physical functioning higher as com-
pared to non-opioid-using patients [11].

A Transitional Pain Service aims to identify
those patients at risk for developing CPSP and
provide multidisciplinary care to prevent the
transition from acute to chronic pain. The
Transitional Pain Service at the Toronto General
Hospital is the first of its kind to provide compre-
hensive preoperative and postoperative pain man-
agement to address the rising incidence of CPSP
and inappropriate PPOU, and to improve overall
patient functioning and quality of life [12].

Clinical Applications
and Techniques Utilized by
a Transitional Pain Service

A Transitional Pain Service aims to serve
patients in the postoperative outpatient by reduc-
ing the development of chronic postsurgical pain
and persistent opioid use. By assessing at-risk
patients and intervening early in the process, the
data show that patients who are struggling in the
immediate postoperative period have improved

outcomes at 6 months and beyond [6, 13, 14].
Transitional pain teams can be comprised of
anesthesiologists, other physicians, and psy-
chologists with specialized training and experi-
ence in acute and chronic pain management,
psychiatrists, nurses and nurse practitioners,
physical therapists, as well as administrative
staff. Transitional pain patients are ideally iden-
tified either preoperatively by surgeons, in pre-
admission  assessments ~ completed by
anesthesiologists, or immediately postopera-
tively by the acute pain team. At-risk patients
are identified by one or more of the following
factors: a history of chronic pain, preoperative
opioid use, significant preoperative emotional
distress, postoperative pain and/or distress not
in keeping with the norm while managed by the
acute pain service in-hospital, high postopera-
tive opioid requirements [12]. Other potential
preoperative referral criteria may include a his-
tory of depression, anxiety, pain catastrophiz-
ing, and substance use disorder [15].
Transitional Pain Services provide multidisci-
plinary care to complex patients. Pain physicians
assess patients preoperatively to ensure their
pain medications are optimized and provide
management postoperatively with pharmaco-
therapies and interventional treatments. Nurse
practitioners within the pain team/clinic are crit-
ical in managing patients in the acute postopera-
tive setting through the Acute Pain Services as
well as identifying those patients who would be
best served by a TPS team post discharge on an
expedient outpatient basis. Nurse practitioners
also serve as important team members in assess-
ing and managing patients in the TPS clinic.
Psychologists are essential in providing support
to patients with a history of anxiety, depression,
PTSD, and a history of chronic pain with high
opioid requirements [12]. The psychologists at
the TPS at the Toronto General Hospital provide
patients with a variety of psychotherapeutic
interventions (e.g., Acceptance and Commitment
Therapy, Cognitive Behavioral Therapy, clinical
hypnosis, etc.) which include pain education and
coping skills which are aimed at targeting pain
interference, anxiety and depression as well as
opioid weaning [16]. A psychiatrist is pivotal in
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managing mental health problems which merit
pharmacologic therapies and ongoing manage-
ment. It is well accepted that physiotherapy is an
important facet of recovery after surgery.
Physical therapists work with inpatients and out-
patients to improve mobility and function and to
reduce pain using various modalities (TENS,
acupuncture, etc.).

Evidence-Based Practices

An important objective of any Transitional Pain
Service is to ensure patients are weaned appro-
priately from their opioids in the postoperative
period. Opioid weaning in the postoperative
period can be achieved only with the mutual
agreement and commitment of patient and pro-
vider. Transitional pain clinics offer non-
pharmacologic multidisciplinary interventions,
pharmacologic multimodal non-opioid agents,
and interventions (peripheral nerve blocks) to
meet this common goal. In a 2023 retrospective
cohort study by Yu et al. including 140 solid
organ transplant patients, opioid consumption
was measured preoperatively, postoperatively,
and at discharge from the TPS. The median
length of treatment by the Transitional Pain
Service in this study was 210 days. Preoperatively,
more than half (67%) were receiving opioids
with a median of 15 morphine equivalents per
day. By the last TPS visit, mean daily opioid use
was reduced significantly from 22.56 to 9.61 mg
in morphine equivalents (MME) per day
(p < 0.001). There was also a significant reduc-
tion in pain severity as measured by the Brief
Pain Inventory and Short-Form McGill Pain
Questionnaire-2 [7]. A 2023 retrospective cohort
study [13] that matched 209 TPS patients as
closely as possible with 209 controls who
received surgery at other centers and did not
receive TPS care showed that the mean daily
dose of opioids (in mg morphine equivalents)
over the 12-month period after surgery decreased
by a significantly greater extent in TPS patients
(3.53 MME) than controls (1.05 MME), indicat-
ing that TPS care resulted in a faster opioid dose
reduction [13].

As mentioned, opioid weaning in the postop-
erative period can be achieved through a variety
of non-pharmacologic techniques. A recent ran-
domized controlled trial by Rosenbloom et al.
(2024) assessed the impact of clinical hypnosis
pre- and postoperatively on opioid consumption,
pain intensity, and pain interference. Ninety-two
adult patients undergoing surgical oncology pro-
cedures were randomized to a control group (no
hypnosis) or a clinical hypnosis group in which
patients received one session preoperatively and
one in the postoperative period. Patients random-
ized to the hypnosis group consumed a signifi-
cantly lower dose of opioids on the first day
(p =0.01) and the fourth day (p = 0.04) after sur-
gery compared to controls patients [17].

Challenges and Considerations

There are multiple inherent challenges that a
Transitional Pain Service will encounter. A TPS
clinic approaches pain assessment and manage-
ment using a multidisciplinary approach, and
therefore access to psychology, physiotherapy,
nursing and psychiatry are pivotal to a clinic’s
success. With the startup of a new TPS clinic at
any centre, several resource barriers must be
addressed, both professional and systemic. The
availability of essential professions involved in
TPS care may be limited. Another potential chal-
lenge for a TPS service is gaining buy-in from
surgical and nursing colleagues. Patient referrals
should come from surgeons and acute pain ser-
vice nurses and nurse practitioners who correctly
identify and refer only patients who would bene-
fit from the service.

Beyond reducing pain disability long term,
one of the objectives of a TPS is to wean patients
from postoperative opioids in a timely manner
(within 6 months) and have a plan in place to dis-
charge patients back to their family physicians. In
the current era of the family physician shortage
[18], this can add barriers to TPS patient dis-
charge and contribute to limited capacity for new
referrals.

Given that society has been pointing to the
peri-operative setting as an area in which patients
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are exposed to opioid medications and poten-
tially persist on their opioids long term and
develop an opioid use disorder, appropriate pre-
scribing of opioids in the postoperative setting is
paramount. A 2020 consensus statement set out
expert recommendations for prescribing opioids
in opioid-naive patients undergoing elective sur-
gical procedures [8]. The recommendations
include comprehensive patient and family educa-
tion and managing expectations regarding pain
and recovery in the postoperative period. Patients
and families should be given information on how
to appropriately manage their pain with multi-
modal agents, including non-opioid and opioid
agents where necessary. Education and guidance
must be provided for appropriate use and dis-
posal of unused opioid medications, as well as
suitable weaning approaches. Patients should be
screened preoperatively for risk factors for
PPOU, including a history of anxiety, depression,
PTSD, chronic pain syndromes, age 18-30 years,
history of alcohol or substance use disorders. For
patients identified as high risk, special care is
warranted to provide opioid-sparing multi-modal
analgesia in the perioperative period and a care-
ful weaning protocol should be instituted.
Postsurgical pain is ideally managed with a com-
bination of non-opioid medications (including
acetaminophen  and  non-steroidal  anti-
inflammatories) = and  non-pharmacological
approaches as a first-line treatment. When these
approaches do not adequately control pain, opi-
oids can be added. Opioids should be given on an
outpatient basis to patients who received opioids
as inpatients in quantities based on the length of
recovery expected for a given surgical procedure.
Procedures range from rapid recovery (resuming
regular activities within 2 weeks) requiring up to
3 days of opioids, to long-term recovery (resum-
ing regular activities greater than 4 weeks after
discharge) requiring up to 14 days of opioid med-
ications. Patients who have not needed opioids in
the 24 hours prior to discharge should not be pre-
scribed opioids at hospital discharge [19]. The
consensus statement includes a recommendation
that all opioid prescriptions should expire within
30 days of discharge from hospital. Patients who
have persistent pain beyond 30 days should be

referred to a transitional pain service clinic if not
identified within their in-hospital postsurgical
admission [8].

A Case Study

A typical Transitional Pain Service patient is one
who is seen as an outpatient in the early postop-
erative period within the first 2-3 weeks of being
discharged. However, patients can be consulted
and identified early as postoperative patients by
the acute pain service to provide guidance on the
management of acute pain in the postoperative
setting for patients with complex pain problems.

The case of Mr. P, a patient presenting for
laparotomy for a bleeding duodenal ulcer, was
described in a 2017 case report by Weinrib et al.
[14]. This patient had a history significant for
chronic pains related to osteoarthritis, kypho-
scoliosis, degenerative disc disease, fibromyal-
gia, and multiple sclerosis. He also had a past
medical history significant for bipolar disorder.
Preoperatively, this patient was receiving trans-
dermal fentanyl 37.5 mcg/hour as well as 65 mg
oral hydromorphone daily, equating to a mor-
phine equivalent dose of 460 mg daily. He was
also taking high dose Ibuprofen for several years
leading up to his presentation for bleeding
ulcers. Additionally, Mr. P had a history of a
substance and alcohol use disorder. He was an
ex-smoker with a 70 pack-year history. In his
postoperative course, a consult was made to the
TPS to address his high pain intensity and opi-
oid requirements. The TPS enlisted a multidisci-
plinary approach to address this patient’s issues.
The TPS pain physician first initiated multi-
modal therapies including gabapentin as an opi-
oid sparing strategy. Other modalities that may
have been considered include antidepressants
such as duloxetine, or amitriptyline, nonsteroi-
dal anti-inflammatories (NSAIDS), acetamino-
phen, or cannabinoids. For Mr. P, he was unable
to receive antidepressants due to his history of
bipolar disorder. He was also unable to receive
ongoing NSAID therapy due to his presentation
for bleeding ulcers. Furthermore, he had previ-
ously tried nabilone for his chronic pains with
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no perceived benefits. Physiotherapy is an inte-
gral part of recovery from surgery and the man-
agement of chronic pains. Mr. P participated in
community physiotherapy on a regular basis. He
also participated in individual and group behav-
ioural interventions by the TPS psychologists.
Mr. P attended 5 individual sessions and 22
group sessions, both rooted in ACT (acceptance
and commitment therapy). These sessions incor-
porate mindfulness of pain sensations and
acceptance strategies. Within 8 months of his
operation, the patient weaned down on his opi-
oids from 460 MEQs to 345 MEQs. However,
he admitted to behaviours consistent with opi-
oid dependence including using his opioids to
avoid withdrawal symptoms he experienced
when he inadvertently missed a dose. The
patient had expressed severe emotional distress
around being dependent on his opioid medica-
tions. The TPS pain physicians were able to
rotate his opioid therapy to buprenorphine/nal-
oxone. While it is unexpected that buprenor-
phine/naloxone would provide more pain relief
than a full mu-agonist opioid, the conversion to
buprenorphine/naloxone likely demonstrated
that Mr. P was likely also experiencing opioid
induced hyperalgesia. With the help of the
Toronto General Hospital TPS multidisciplinary
team, Mr. P, was able to address his concomitant
pain and opioid use disorder, and improve his
functioning and overall quality of life [14].

Future Directions and Research

The primary goal of Transitional Pain Services is
to improve the trajectories of patients who are
struggling with pain and opioid use and to avoid
the development of the dual problems of chronic
postsurgical pain and persistent opioid use.
Cannabinoids are considered a third-line agent
for the treatment of neuropathic pain [20]. There
is increasing interest in the potential use of medi-
cal cannabis as an opioid-sparing agent [21]. This
is a developing area of current and potential
future research in both Canada and the United
States of America.

Furthermore, there is a dearth of evidence to
support the use of early outpatient interventional
pain procedures (e.g., erector spinae plane blocks)
in the postoperative period. What is often used as
a surrogate for an acceptable timeframe to per-
form such an intervention is surgeon approval.
There are multiple reasons why clinicians may be
reluctant to perform interventional pain proce-
dures in this setting, including increased risk for
bleeding, infection, or disruption of tissue planes
in the healing patient. Evidence supporting the
utility of these procedures in outpatient clinics to
prevent CPSP is an area that requires future atten-
tion. A recent publication demonstrated that
patients receiving care from the Toronto General
Hospital Transitional Pain Service were able to
achieve opioid dose reduction faster than control
cohorts using data obtained from a public admin-
istrative database [13]. Finally, an ongoing study
entitled Reducing Opioid Use for Chronic Pain
Patients Following Surgery (i.e., the RECOUP
trial) is a multicenter randomized controlled trial
in Ontario, Canada, which aims to determine
whether a TPS program is more effective than a
control intervention for reducing 12-month pain
disability, with a secondary outcome of opioid
reduction over a similar time frame.

Key Takeaways

e The development of chronic postsurgical
pain negatively impacts multiple domains of
everyday life, including physical, psycholog-
ical, and emotional functioning, as well as
having financial implications for patients,
who, as a result, may lose income and/or
their jobs.

e Transitional Pain Services use a multi-
disciplinary approach to address acute postop-
erative pain, reduce conversion to chronic
postsurgical pain, and decrease persistent opi-
oid use in the perioperative setting.

* Persistent opioid use after surgery has been
implicated as one driver of the opioid crisis;
Transitional Pain Services can serve as an
effective method for opioid stewardship.
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Medical cannabis for chronic postsurgical
pain, the utility of early interventional pain
procedures in the postoperative setting, and
hypnosis are areas of interest for future
research.

References

—

. Katz J, Seltzer Z. Transition from acute to chronic

postsurgical pain: risk factors and protective factors.
Expert Rev Neurother. 2009;9(5):723-44.

. Hayes C, Browne S, Lantry G, Burstal R. Neuropathic

pain in the acute pain service: a prospective survey.
Acute Pain. 2002;4(2):45-8.

. Bansal N, Ang S, Chen LC. Prevalence and determi-

nants of chronic pain and persistent opioid use after
surgery: a review of systematic reviews. Br J Pain.
2024;18(1):95-103.

. Schug SA, Lavand’homme P, Barke A, Korwisi

B, Rief W, Treede RD, Pain ITftCoC. The
IASP classification of chronic pain for ICD-11:
chronic postsurgical or posttraumatic pain. Pain.
2019;160(1):45-52.

. Kent ML, Hurley RW, Oderda GM, Gordon DB, Sun

E, Mythen M, et al. American Society for enhanced
recovery and perioperative quality initiative-4
joint consensus statement on persistent postopera-
tive opioid use: definition, incidence, risk factors,
and health care system initiatives. Anesth Analg.
2019;129(2):543-52.

. Clarke H, Azargive S, Montbriand J, Nicholls J,

Sutherland A, Valeeva L, et al. Opioid weaning and
pain management in postsurgical patients at the
Toronto General Hospital transitional pain service.
Can J Pain. 2018;2(1):236-47.

. Yu HC, Kleiman V, Kojic K, Slepian PM, Cortes

H, McRae K, et al. Prevention and management of
chronic postsurgical pain and persistent opioid use
following solid organ transplantation: experiences
from the Toronto General Hospital transitional pain
service. Transplantation. 2023;107(6):1398-405.

. Clarke HA, Manoo V, Pearsall EA, Goel A, Feinberg

A, Weinrib A, et al. Consensus statement for the pre-
scription of pain medication at discharge after elective
adult surgery. Can J Pain. 2020;4(1):67-85.

. Thiels CA, Ubl DS, Yost KJ, Dowdy SC, Mabry

TM, Gazelka HM, et al. Results of a prospective,
multicenter initiative aimed at developing opioid-
prescribing guidelines after surgery. Ann Surg.
2018;268(3):457-68.

. Hill MV, Stucke RS, Billmeier SE, Kelly JL, Barth RJ

Jr. Guideline for discharge opioid prescriptions after
inpatient general surgical procedures. J Am Coll Surg.
2018;226(6):996-1003.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Huang A, Azam A, Segal S, Pivovarov K, Katznelson
G, Ladak SS, et al. Chronic postsurgical pain
and persistent opioid use following surgery: the
need for a transitional pain service. Pain Manag.
2016;6(5):435-43.

Katz J, Weinrib A, Fashler SR, Katznelzon R,
Shah BR, Ladak SS, et al. The Toronto General
Hospital transitional pain service: development
and implementation of a multidisciplinary program
to prevent chronic postsurgical pain. J Pain Res.
2015;8:695-702.

Ladha KS, Vachhani K, Gabriel G, Darville R,
Everett K, Gatley JM, et al. Impact of a transitional
pain service on postoperative opioid trajectories: a
retrospective cohort study. Reg Anesth Pain Med.
2023;49:650.

Weinrib AZ, Burns LC, Mu A, Azam MA, Ladak
SS, McRae K, et al. A case report on the treatment
of complex chronic pain and opioid dependence by
a multidisciplinary transitional pain service using the
ACT matrix and buprenorphine/naloxone. J Pain Res.
2017;10:747-55.

Transitional Pain Service TGH. For health profes-
sionals: referring guidelines for pre- and post-surgical
patients 2024. Available from: https://www.transition-
alpainservice.ca/for-health-professionals.

Abid Azam M, Weinrib AZ, Montbriand J, Burns
LC, McMillan K, Clarke H, Katz J. Acceptance and
commitment therapy to manage pain and opioid use
after major surgery: preliminary outcomes from the
Toronto General Hospital Transitional Pain Service.
Can J Pain. 2017;1(1):37-49.

Rosenbloom BN, Slepian PM, Azam MA, Aternali A,
Birnie KA, Curtis K, et al. A randomized controlled
trial of clinical hypnosis as an opioid-sparing adjunct
treatment for pain relief in adults undergoing major
oncologic surgery. J Pain Res. 2024;17:45-59.

Smart K. Critical family physician shortage must be
addressed: CMA: Canadian Medical Association;
2022. Available from: https://www.cma.ca/about-us/
what-we-do/press-room/critical-family-physician-
shortage-must-be-addressed-cma.

Clarke H, Katz J. Patterns of opioid use after surgical
discharge: pain management beyond the first postop-
erative week. Anaesthesia. 2024;79:9009.

Moulin D, Boulanger A, Clark AJ, Clarke H, Dao T,
Finley GA, et al. Pharmacological management of
chronic neuropathic pain: revised consensus state-
ment from the Canadian Pain Society. Pain Res
Manag. 2014;19(6):328-35.

Meng H, Hanlon JG, Katznelson R, Ghanekar A,
McGilvray I, Clarke H. The prescription of medi-
cal cannabis by a transitional pain service to wean a
patient with complex pain from opioid use following
liver transplantation: a case report. Can J Anaesth.
2016;63(3):307-10.


https://www.transitionalpainservice.ca/for-health-professionals
https://www.transitionalpainservice.ca/for-health-professionals
https://www.cma.ca/about-us/what-we-do/press-room/critical-family-physician-shortage-must-be-addressed-cma
https://www.cma.ca/about-us/what-we-do/press-room/critical-family-physician-shortage-must-be-addressed-cma
https://www.cma.ca/about-us/what-we-do/press-room/critical-family-physician-shortage-must-be-addressed-cma
R
New Stamp


®

Check for
updates

Advanced Interventional

17

Techniques for Perioperative Pain
Management: Continuous
Peripheral Nerve Blocks

and Ultrasound-Guided
Percutaneous Cryoneurolysis

John J. Finneran IV and Brian M. lIfeld

Introduction

Pain following surgery is often severe and may
transition from acute pain, experienced in the
hours and days following surgery, to chronic
postsurgical pain (CPSP), which persists for
months or years and may be associated with sig-
nificant disability [1]. The incidence of CPSP
varies widely—from less than 10% to greater
than 50%—and is dependent on a multitude of
patient and surgical factors, including the type of
surgery (breast surgery, joint replacement, and
amputations having particularly high incidence
of CPSP), perioperative nerve injury resulting in
neuropathic pain, patient genetic predisposition,
and a continuing inflammatory response postop-
eratively [2]. Inadequate perioperative pain con-
trol has recently been identified as an independent
risk factor for the development of CPSP, and time
spent in severe pain during the acute postopera-
tive period directly correlates with the incidence
of CPSP at 12 months following surgery [3]. At
the physiologic level, this may be the related to
the central sensitization that occurs when nox-
ious stimuli are encountered (i.e., painful stimuli
increase the brain’s excitability to further painful
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stimuli) [4]. Thus, optimizing acute postoperative
pain management is critical for both improving
the perioperative patient experience and poten-
tially decreasing the long term suffering and dis-
ability caused by CPSP as well.

Peripheral nerve blocks (PNBs) with local
anesthetics are commonly utilized to alleviate
postoperative pain. Unfortunately, the pain fol-
lowing surgery often exceeds the duration of the
analgesia provided by a single injection of local
anesthetic. A continuous peripheral nerve block
(CPNB), or perineural local anesthetic infusion,
and percutaneous peripheral nerve cryoneuroly-
sis are perioperative analgesic modalities with
the potential to provide much longer-lasting peri-
operative pain control compared to single-
injection PNBs [5, 6]. Recent evidence suggests
the use of these techniques perioperatively not
only decreases pain scores and opioid require-
ments in the acute postoperative timeframe, but
may also decrease the transition from acute to
chronic postoperative pain [7-12].

Continuous Peripheral Nerve Blocks

Background and Current Understanding The
first described use of a continuous infusion of
local anesthetic via an indwelling catheter
occurred in 1951 as a treatment for intractable
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singultus (hiccups) [13]. Today, CPNBs, or “peri-
neural local anesthetic infusions,” may be utilized
as inpatient or ambulatory therapy to provide sev-
eral days of potent analgesia following surgery.
Although perineural catheters have been inserted
using nerve stimulation and simple tactile-based
techniques, real-time ultrasound imaging has
become the predominant modality for catheter
insertion [5]. Continuous techniques have been
described for most of the commonly utilized
single-injection nerve block locations in the torso
as well as the upper and lower extremities [14].
There is substantial evidence that CPNBs
improve pain scores and decrease opioid con-
sumption following painful orthopedic and tho-
racic surgery; however, most investigations have
focused on pain scores and opioid consumption
during the acute postoperative period [5, 14].

Clinical  Applications,  Techniques, and
Evidence-Based Practices Given the relation-
ship between perioperative pain management and
the development of CPSP, improved pain control
during the acute postoperative period provided
by CPNBs would be expected to reduce the inci-
dence of CPSP. To test this hypothesis, Ilfeld
et al. randomized patients undergoing mastec-
tomy with a single-injection ropivacaine paraver-
tebral nerve block to receive a 3-day infusion of
ropivacaine vs. placebo. Not only did participants
who received the continuous ropivacaine infu-
sion have lower pain scores during the acute post-
operative period, but they also had a lower
incidence of pain and less pain-related physical
and emotional dysfunction 1 year following mas-
tectomy [7]. This trial provided evidence that—at
least for breast surgery—improved pain control
during the early postoperative period with the use
of a CPNB may decrease the occurrence of CPSP
one year following surgery. Additional support-
ing evidence has been provided by studies involv-
ing breast surgery [8], knee arthroplasty [9, 10],
and procedures of the ankle [11].

Challenges and Considerations The duration of
analgesia provided by CPNBs is primarily lim-
ited by infection risk, which increases with the
duration of therapy, catheter migration from the

target nerve, and the size of the local anesthetic
reservoir patients can comfortably carry when
using ambulatory pumps [5]. Factors increasing
the risk of infection include intensive care unit
stay, implantation duration greater than 24 h,
absence of prophylactic antibiotics during sur-
gery, axillary and femoral catheter locations, and
frequent changes of catheter site dressings.
However, the overall infection rate of perineural
catheters is relatively low (0—3%) and infections
are generally resolve with antibiotic therapy
when they do occur [15].

Perineural catheters generally are not secured
internally, thus migration of the catheter tip from
the target nerve is probable as postsurgical
patients ambulate and participate in physical
therapy. This may be especially true for catheters
inserted at anatomic sites with a high degree of
mobility (e.g., femoral) [16]. Thus, as perineural
catheters remain in situ for prolonged periods,
the amount of local anesthetic delivered to the
target nerve may decrease over time. In hospital-
ized patients, there is no absolute upper limit on
the duration of a perineural infusion. However,
for ambulatory patients, carrying a pump and
local anesthetic reservoir becomes increasingly
cumbersome as the volume—and weight—of the
local anesthetic increases. Thus, ambulatory
CPNBs are generally limited to approximately
500 mL [14].

Future Directions and Research Because the
volume of the local anesthetic reservoir limits the
duration of ambulatory CPNBs, recent investiga-
tions have focused on decreasing the rate of con-
sumption of local anesthetic while continuing to
provide comparable analgesia. Finneran et al.
demonstrated that the use of start-delay timers
and replacing continuous infusions with auto-
mated boluses of local anesthetic prolonged the
overall duration of ambulatory continuous popli-
teal sciatic blocks following painful foot and
ankle surgery. Analgesia was improved both
while each infusion was running and after the
continuous infusion group had exhausted their
local anesthetic reservoir [17]. As perioperative
pain control is related to the risk of CPSP,
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extending the duration of CPNBs following pain-
ful surgeries may decrease the incidence of
CPSP. However, this has yet to be investigated.

Whether the improvement in the occurrence
of CPSP when CPNBs are utilized for postopera-
tive analgesia is isolated to breast surgery patients
or applies more broadly to other painful, high-
CPSP-risk is a question that remains to be
answered. An ongoing randomized trial utilizing
extended-duration femoral and sciatic continuous
bupivacaine infusions following lower extremity
amputation may provide insight into the general-
izability of CPNBs for prevention of CPSP
(NCT03461120).

Cryoneurolysis

Background and Current Understanding The
use of cold as a treatment for pain—termed cryo-
analgesia—has ancient origins. Cryoneurolysis
specifically refers to the application of extreme
cold temperatures to reversibly ablate peripheral
nerves. When exposed to temperatures in the —20
to —100 °C range (approximately), peripheral
nerves undergo Wallerian degeneration, the pro-
cess of axonal degradation distal to the site of
treatment. As the surrounding connective tissues
remain intact, the nerves regenerate at a rate of
1-2 mm per day. Thus, cryoneurolysis produces a
reversible block with a duration potentially mea-
sured in weeks or months. Early applications of
cryoneurolysis required surgical exposure of
peripheral nerves for direct application of a cryo-
probe; however, the development of percutane-
ously inserted cryoprobes now allows this
procedure to be performed by healthcare provid-
ers with ultrasound guidance [6].

Clinical Applications, Techniques, and
Evidence-Based Practices Modern cryoneurol-
ysis devices utilize a tube within a tube design in
which room-temperature gas at high pressure
flows down the length of the cryoprobe and
through a narrow annulus at the distal end. The
decrease in pressure distal to the annulus pro-
duces a drop in temperature at the tip and freez-

Fig.17.1 Schematic of a cryoprobe with warm gas flow-
ing at high pressure through an annulus at the tip leading
to a decrease in pressure and temperature. (Used with per-
mission from Brian M. Ilfeld, MD, MS, who retains the
rights to the image)

ing of the surrounding tissue due to the
Joule-Thomson effect. The gas exits out through
the central compartment of the probe so that
nothing is injected into the patient (Fig. 17.1) [6].

As the technique for ultrasound-guided cryoneu-
rolysis of peripheral nerves is very similar to con-
ventional ultrasound-guided nerve blocks, this
skill is usually easy to incorporate into a regional
anesthesiologist’s practice. The cryoprobe is
positioned under ultrasound guidance adjacent to
the target nerve and activated. Ultrasound visual-
ization of the frozen tissue, or “ice ball,” is main-
tained throughout the procedure to ensure the ice
ball (1) encompasses the entire nerve and (2)
does not move substantially, as this could theo-
retically lead to tearing of the surrounding tissues
(Fig. 17.2).

With a potential duration measured in months,
cryoneurolysis may afford extremely long-
duration analgesia. However, the target sites are
limited when compared to CPNBs due to the
effects of the prolonged sensory, proprioceptive,
and motor block. Thus, target nerves for cryoneu-
rolysis are generally limited to those with no or
minimal motor function (e.g., lateral femoral
cutaneous, infrapatellar branch of the saphenous,
intercostal, and suprascapular nerves) and clini-
cal scenarios in which a prolonged block is
acceptable (e.g., sciatic nerve cryoneurolysis for
below-knee amputation). As with CPNBs, the
extremely long duration of analgesia that may be
provided by cryoneurolysis and the resultant
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Fig.17.2 Ultrasound images of percutaneous cryoneurolysis of an intercostal nerve. (Used with permission from John

J. Finneran IV, MD, who retains the rights to the image)

decrease in acute postoperative pain would be
expected to decrease the incidence of
CPSP. However, most investigations have focused
on pain during the acute period.

In a randomized comparison, preoperative
intercostal cryoneurolysis of the second through
fifth intercostal nerves was found by Ilfeld et al.
to decrease pain scores and pain-related physical
and emotional dysfunction up to one-year fol-
lowing mastectomy, in addition to decreasing
opioid consumption for the first 3 weeks after
surgery [8]. In this study, the investigators com-
pared active cryoneurolysis to a sham procedure,
with all participants receiving a continuous
ropivacaine nerve block for 2 days following sur-
gery. Thus, the observed benefits of cryoneuroly-
sis in this study were in addition to the benefit
expected from the CPNB. At 1 year following
mastectomy, no participant in the active cryoneu-

rolysis group was experiencing phantom breast
pain, compared to 19% of those in the sham
group. Critically important, as the time spent in
severe pain correlates with the development of
CPSP, 45% of participants in the sham cryoneu-
rolysis group experienced severe pain—defined
as a pain score of 7 or greater on an 11-point
numeric rating scale—at some point during the
year following surgery, while no participant in
the active cryoneurolysis group experienced
severe pain at any point during this year [8].

Challenges and Considerations As mentioned
above, the primary limitation of cryoneurolysis is
also its main benefit: an extremely long-duration
block. Thus, cryoneurolysis is contraindicated in
any clinical scenario in which prolonged motor
block would be unacceptable. When utilizing
cryoneurolysis for lower extremity amputations,
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it is imperative to ensure that (1) there is no
chance of an intraoperative decision to cancel the
amputation and (2) the location (proximal vs. dis-
tal) chosen for cryoneurolysis will not interfere
with rehabilitation following amputation [18].

There is tremendous variability in cryoneu-
rolysis administration protocols in the published
literature regarding (1) the time devoted to freez-
ing and thawing in each cycle, (2) the total num-
ber of cycles applied to each nerve, and (3)
whether a local anesthetic block is performed in
addition to the cryoneurolysis procedure [6].
When cryoneurolysis is utilized on a single nerve,
the time requirement is generally not substan-
tially greater than single-injection nerve blocks.
However, with several minutes spent freezing in
each freeze/thaw cycle—and potentially multiple
cycles per nerve—the time commitment can be
substantial when utilized for multiple nerves
(e.g., cryoneurolysis of 10 intercostal nerves for
bilateral mastectomies).

Contraindications to cryoneurolysis are simi-
lar to those for any percutaneous regional anes-
thesia procedures (i.e., local infection, patient
refusal, coagulopathy) but also include cold-
activated conditions such as cryoglobulinemia,
cold urticaria, paroxysmal cold hemoglobinuria,
cryofibrinogenemia, and Raynaud’s disease [6].
Potential risks of cryoneurolysis are similar to
those for local anesthetic-based nerve blocks,
although the infection risk appears to be
extremely low. In contrast to CPNBs, with an
infection rate as high as 3%, there has only been
a single suspected infection caused by cryoneu-
rolysis in the more than 50-year history of its
use [15, 19].

Future Directions and Research Recent evi-
dence suggests the use of intercostal cryoneurol-
ysis may decrease the incidence of CPSP
following mastectomy when used in conjunction
with a continuous ropivacaine paravertebral

block [12]. An ongoing multicenter randomized
trial will help confirm the generalizability of
these results and determine whether this benefit
is still observed when intercostal cryoneurolysis
is combined with single-injection nerve blocks
for postoperative analgesia following mastec-
tomy (NCT05444361). Cryoneurolysis of other
nerves has been utilized for analgesia following
other painful surgical procedures (e.g., lateral
femoral cutaneous nerve for skin graft donor
sites, infrapatellar branch of the saphenous nerve
for knee arthroplasty, suprascapular nerve for
shoulder surgery) in case series and small pilot
studies that have primarily focused on pain dur-
ing the acute period [6, 18, 20]. Additional
research appears warranted to determine whether
the analgesia provided by cryoneurolysis in these
circumstances results in a reduction in CPSP.

The time requirement for cryoneurolysis,
especially when multiple nerves are treated, is
substantial. Recent animal models have sug-
gested that injection of a biocompatible ice slurry
can be utilized to accomplish peripheral nerve
cryoneurolysis [21]. This method could poten-
tially decrease the time requirement for periph-
eral nerve cryoneurolysis and make both the time
requirement and the technique more similar to
that of single-injection PNBs.

Key Takeaways

CPNBs and percutaneous cryoneurolysis offer
regional anesthesiologists the ability to provide
days to months of analgesia following both inpa-
tient and ambulatory surgery, far exceeding that
of single-injection PNBs (Table 17.1). Because
pain management during the acute perioperative
phase is linked to the development of CPSP, these
analgesic modalities may help reduce the transi-
tion from acute to chronic postsurgical pain.
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Table 17.1 Comparison of duration, administration
time, follow-up requirements, and titratability of single-
injection local anesthetic nerve blocks, CPNBs, and per-
cutaneous cryoneurolysis. Circle color represents
whether a technique is favorable or unfavorable for a
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Introduction

Historical Evolution of Peripheral
Nerve Stimulation

The ancient Egyptians were among the first to
have discovered and used peripheral nerve stimu-
lation (PNS) for pain management. Historical
records suggest they used electric fish, specifi-
cally the Nile catfish and electric rays, to relieve
pain. This method involved placing these electric
fish on painful body areas to produce electric
shocks that would alleviate the pain [1].

The Ebers Papyrus, an ancient Egyptian medi-
cal text dating back to around 1550 BCE, docu-
ments this practice. This illustrates an early
understanding of using electrical stimulation for
therapeutic purposes, predating the experiments
of Luigi Galvani by millennia. In modern medi-
cine, PNS was first described by Shelden and col-
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leagues in 1966, who reported using implanted
peripheral nerve stimulation to treat trigeminal
neuralgia. Throughout the next decade, various
types of equipment, surgical implantation tech-
niques, and peripheral nerve stimulation applica-
tions were developed.

The initial approach for PNS involved surgi-
cally dissecting to visualize the nerve and placing
the PNS lead. Percutaneous PNS lead placement
was introduced in 1999 for patients with occipital
neuralgia [2]. Renewed interest in peripheral
nerve stimulation arose due to advancements in
commercially available spinal cord stimulator
systems, an increasing number of patients, and
advanced imaging techniques such as fluoros-
copy and ultrasound. Despite the progress, mul-
tiple challenges persisted, including tunneling to
the implantable pulse generator, migration, and
multiple incisions.

Over the past decade, significant technologi-
cal advancements in PNS devices have revolu-
tionized pain medicine. The application of
electrical stimulation of peripheral nerves has
also impacted other fields.

Background and Current
Understanding

Therapy Principles and Mechanism of Action:

Peripheral nerve stimulation (PNS) utilizes
electrical impulses delivered through elec-

137


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-032-11484-6_18&domain=pdf
https://doi.org/10.1007/978-3-032-11484-6_18#DOI
mailto:spritzlaff@health.ucdavis.edu
R
New Stamp


138

S. Pritzlaff et al.

trodes placed near peripheral nerves to modu-
late pain signals, manage pain, or treat certain
neurological conditions. This technique can
be employed for pain management, muscle
stimulation, and other therapeutic purposes.

Mechanism of Action: Studies have shown that
PNS modulates pain transmission peripherally
and centrally, indicating that the gate control
theory alone cannot fully explain the
mechanism.

Gate Control Theory: Gate control theory was
first described in 1965 and suggests that non-
nociceptive signals close the gate to nocicep-
tive signals at the dorsal horn of the spinal
cord, preventing the transfer of pain signals
[3]. When nociceptive input is sensed by affer-
ent nerves, carried by thinly myelinated Ad
(delta) fibers and unmyelinated C fibers, the
inhibitory interneurons at the dorsal horn are
inhibited, opening the gate for pain transmis-
sion. Nonpainful stimuli, such as pressure or
vibration, are transmitted through large
myelinated AP fibers, which activate the
inhibitory interneurons at the dorsal horn,
close the gate, and block the nociceptive input.

Other Mechanisms: Chronic pain has been shown
to increase local levels of endorphins and
prostaglandins, as well as blood flow to cer-
tain areas. PNS may decrease levels of inflam-
mation markers and reduce pain transmission.
It can also decrease ectopic discharges and
Wallerian degeneration of nerves.

Central Mechanisms and Modulation of Nerve
Activity: PNS inhibits the spinothalamic tract
and affects regional cerebral blood flow, as
demonstrated in studies using positron emis-
sion tomography (PET). Electrical impulses
alter nerve activity, which can help reduce
pain signals sent to the brain or enhance nerve
function [4]. PNS decreases central sensitiza-
tion and hyperalgesia by reducing peripheral
nociceptive activity in the spinal cord, inhibit-
ing wide dynamic range neurons in the dorsal
horn, and decreasing Ap fiber-induced activity
in the medial lemniscal pathway in the brain.
This leads to peripheral reconditioning of the
central nervous system through long-term
changes in central plasticity [5, 6].

In 2004, Chae et al. showed that intramuscular
electrostimulation decreased pain perception in a
subset of patients. Muscular stimulation reduces
endplate noise, normalizes muscle blood flow,
and elicits antinociceptive effects by engaging
the dorsal periaqueductal gray and descending
pain inhibitory systems. This may restore the bal-
ance of peripheral inputs to the central nervous
system and reverse maladaptive changes in cen-
tral pain processing [7].

Clinical Applications
and Techniques

There is growing interest in PNS for its potential
to modulate pain signaling, decrease neuronal
sensitization, and reduce the need for opioids.
This could lower the incidence of hyperalgesia,
allodynia, and the severity of chronic postopera-
tive pain.

Neurostimulation has long been used to treat
chronic pain from various causes, but its applica-
tion in treating postsurgical pain is limited.
Traditionally, peripheral stimulation lead implan-
tation required invasive surgery. Efforts to over-
come these limitations with transcutaneous
electrical nerve stimulation failed because the
stimulation intensities needed for deep nerve
activation caused discomfort and pain by activat-
ing cutaneous nerve endings [8, 9].

The advent of temporary percutaneous leads,
which can be implanted for up to 60 days, has
facilitated using PNS in the acute to subacute
postoperative period without requiring perma-
nent implants or increasing the risk of infection
[10, 11]. PNS in perioperative settings offers sev-
eral advantages:

e Adjustability: Electrical impulse intensity,
frequency, and duration can be tailored to the
patient’s response and therapeutic needs.

e Minimally Invasive: Compared to other surgi-
cal interventions for pain management, PNS is
less invasive.

Experts have proposed two approaches for
incorporating PNS into acute pain management.
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One approach involves using a single injection or
continuous infusion of local anesthetic peripheral
nerve block, followed by PNS after the nerve
block wears off. The second approach is to place
a PNS lead alongside a local anesthetic periph-
eral nerve block, enabling its use as the nerve
block resolves.

Currently, evidence supporting PNS for acute
pain is limited, but the data are promising. In a
randomized controlled trial (RCT), Iifeld et al.
demonstrated that patients who received brachial
plexus or sciatic nerve stimulation after surgery
experienced significantly lower pain levels and
reduced opioid use compared to those given a
sham treatment. The active treatment group
reported better pain relief and less impact on
daily activities throughout the first 2 weeks of
recovery [12, 13]. More data are needed to better
understand the role of PNS in the perioperative
period.

PNS has also emerged as a versatile and evolv-
ing therapy for managing chronic pain and, more
recently, neurological and psychiatric disorders.
Over the past five decades, research has expanded
its applications beyond traditional pain manage-
ment, with studies demonstrating its efficacy in
treating conditions such as plexus injuries,
migraines, pelvic pain, mononeuropathies, post-
amputation pain, complex regional pain syn-
drome (CRPS), and various forms of joint and
limb pain [14-19]. Additionally, reports highlight
its successful use in treating trigeminal neuralgia,
postherpetic neuralgia, and joint pain, further
solidifying its role in neuromodulation [19-21].

Clinical trials continue to reinforce the long-
term benefits of PNS, with pivotal studies such as
Schoenen et al.’s 2013 randomized controlled
trial demonstrating a >50% reduction in pain
intensity or attack frequency in 68% of patients
treated for cluster headaches. Moreover, the
ReActiv8-B trial, a 5-year randomized, sham-
controlled, double-blinded study, confirmed the
durability and safety of ReActiv8 Restorative
Neurostimulation for nonsurgical, mechanical
chronic low back pain (CLBP) linked to multifi-
dus dysfunction [22]. As evidence accumulates,
PNS is increasingly recognized not only as a
symptomatic treatment but also as a potential

restorative therapy, continually expanding its
applications in pain medicine and beyond.

The cost of PNS limits its widespread use,
underscoring the need to develop more afford-
able therapeutic options. Stratifying the risk of
developing persistent postoperative pain is a cru-
cial strategy that could make PNS a cost-effective
preventative measure and timely intervention for
high-risk surgeries or patients. Nevertheless, sig-
nificant hurdles remain before PNS can be avail-
able for routine practice.

The Diversity of Percutaneous PNS
Systems

PNS devices have significant design differences,
allowing various systems to be uniquely used for
patient care. Differentiating factors include lead/
contact design, power source placement, and
connectivity between the lead/receiver and the
power source. PNS devices may be divided into
monopolar or multicontact devices. Monopolar
devices tend to have the cathode contacts/leads
placed near the target nerve, while the anode
tends to be at the power source (battery). For
example, temporary PNS systems (SPR
Therapeutics, Cleveland, OH) have a monopolar
cathode at the nerve site. The lead extends out of
the skin and is directly attached to an external
battery (placed on the patient’s skin surface).
This device will have the anode at the battery site.
Since the lead is directly connected to the battery,
the transmission of the waveform occurs directly
from the battery through the lead into the
contact.

Conversely, a permanent monopolar or multi-
contact system for general PNS targets requires
an external battery placement, and the lead/con-
tact, with the corresponding receiver, is implanted
within the patient. Therefore, the receiver must
conduct the energy from the battery, which is
usually transmitted by radiofrequency or induc-
tive current. Many devices in the United States
use this technology. Monopolar systems
(Bioventus SimRouter, Durham, NC), for exam-
ple, have three small contacts, which act as a
cathode, and the anode is the external battery.
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Multicontact  systems  (Curonix Freedom,
Pompano Beach, FL, and Nalu Medical,
Carlsbad, CA) have anodes and cathodes at the
end of the lead near the neural target (Fig. 18.1).
Thus, the nerve may be exposed to multiple
waveforms and stimulation patterns. All devices
have external power sources that must be placed
near the respective device receiver to operate
correctly.

To reduce the reliance on external power
sources, internalized devices have the energy
source (battery) and lead implanted as one unit
within a patient. These devices tend to be
designed for specific neural targets. For example,
a multicontact system with an internal battery
(Mainstay Medical Reactiv8, San Diego, CA) is
designed to stimulate the multifidus muscles via
the medial branch nerves in the lumbar spine.
Similarly, bladder stimulators are used to target
the sacral nerve roots. These devices will need
replacement if not rechargeable or regular exter-
nal charging if a rechargeable system.
Understanding the PNS system device specifica-
tions will allow for optimal stimulation of a
peripheral nerve.

PNS Waveform Delivery and Electrical
Programming Variables

Frequency, Pulse Width, Intensity, Specialized
Waveforms for PNS, and Certain Pain Target

Fig. 18.1 Permanent PNS system with dual lead
configuration

Nerves: Novel waveforms allow for unique varia-
tions in stimulation tailored to the patient’s spe-
cific pain condition. Designed for different PNS
applications, these waveforms enable providers
to adjust settings for patient comfort. The effi-
cacy of PNS can also be influenced by factors
such as the distance of leads from the target
nerve, tissue impedance, consistency, and dura-
tion of PNS delivery, lead shape, and the electri-
cal field. These bioelectronic effects of PNS
continue to be explored in ongoing studies.

Closed-Loop Systems: Closed-loop neuromodu-
lation systems, already available for SCS,
hold potential for PNS. These systems, which
can monitor physiological responses and
adjust stimulation parameters in real time, are
currently under development.

Enhanced Programming and Monitoring: Device
advances now allow for more precise pro-
gramming of stimulation parameters, with the
potential for remote programming and moni-
toring capabilities.

Miniaturization of Implantable

and Wireless Peripheral Nerve

Stimulator Devices

Many systems no longer require implanted bat-
teries; instead utilize external power sources.
Multiple options exist for the percutaneous place-
ment of leads, which can be directly stimulated
with an external power source/impulse generator
(IPG) or hybrid systems with an internal IPG
powered via an external source—new systems in
development feature small IPGs.

Evidence-Based Practice

Significant clinical evidence in the literature sup-
ports the exponential growth in the use of PNS
devices. This next saction highlights seminal
studies supporting the use of PNS in the chronic
pain population.

In 2016, Deer et al. described an implanted
PNS system with an external pulse generator for
treating chronic pain [23]. The study was ran-
domized, double-blinded, prospective, and had a
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partial crossover to study treatment efficacy for
3 months and safety for 12 months. Of the 94
patients, 45 were implanted with the PNS sys-
tem, showing a higher response rate (38% versus
10%) than the control group. Pain reduction was
27.2% in the treatment group versus 2.3% in the
control group. There were no serious side effects
within the treatment group. Overall, this study
supported further investigations in the field of
peripheral nerve stimulation.

The use of PNS systems for the treatment of
migraines has been established in the literature.
Silberstein et al. (and Dodick et al. with the
extension of the Silberstein trial data) target the
occipital nerve using an implanted PNS system
[18, 24]. Silberstein’s study showed a 30%
improvement in pain and a 6-day (versus 3-day in
control) reduction in migraine headache days per
month. The Dodick study extended data to
12 months, showing that 60% of patients had
30% durable pain relief. However, in these stud-
ies, 70% had a device-related side effect, a sig-
nificant consequence for fully implanted systems
targeting the occipital nerves.

The prominence of specialized 60-day PNS
treatments is indicated for extracranial peripheral
nerves in the United States. Pritzlaff et al. present
compelling prospective data in the literature sup-
porting long-term effects using 2-month stimula-
tion devices [25]. Specific data includes evidence
of low back pain, acute postsurgical pain, phan-
tom limb pain, and shoulder pain. These tempo-
rary devices show efficacy for 12 and, in some
cases, 24 months of relief after removal of the
device.

Recently, the largest postmarket randomized
controlled trial demonstrated the efficacy of a
PNS system using an implanted lead with a
micro-implanted pulse generator with an external
power source [19]. Targeting ankle, shoulder,
knee, and lower back in a 2:1 implanted device to
conservative medical management, the research
group reported 3- and 6-month data. The treat-
ment group had an 88% responder rate with a
70% reduction in pain, with the control group
only having a 3% responder rate with a 6%
improvement in pain. Furthermore, there were no

reported significant side effects, and this trial is
ongoing for 3 years.

Finally, 5-year data is presented for a fully
implanted PNS system targeting the lumbar
medial branch nerves for low back pain [22]. In a
pivotal trial for this device, Gilligan et al. studied
204 patients suffering from refractory mechani-
cal low back pain, with a 5-year follow-up of 126
patients. At 5 years, 71.8% of patients have 50%
improvement, and functional improvements of
20 points or more on the Oswestry Disability
Index occurred for 61% of patients. Notably,
46% of patients discontinued opioid medications.
This study supports the long-term use of PNS in
the chronic pain patient population.

Challenges and Considerations

PNS represents a significant advancement in pain
management, offering potential solutions for
complex peripheral neuropathic pain and central
pain conditions such as postamputation pain
(PLP/RLP) and hemiplegic shoulder pain (HSP)
[14, 16, 26]. Despite this promise and a growing
body of high-quality evidence, PNS faces several
critical challenges and considerations that need
to be addressed to maximize its potential in clini-
cal practice.

Patient-Related ~ Factors and  Technical
Challenges: Patient-specific factors such as
comorbidities, psychological state, and indi-
vidual pain perception can significantly influ-
ence the success of PNS. Personalized
treatment plans that consider these factors are
essential for optimizing outcomes. Strategies
to overcome these challenges include thor-
ough patient screening, multidisciplinary
approaches involving pain specialists, psy-
chologists, and physical therapists, and ongo-
ing patient education and support.

In addition to patient-related factors, technical
challenges also pose significant hurdles. Current
PNS systems, both temporary and permanent,
typically rely on external power sources, which
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can be cumbersome and require active patient
engagement. This dependency can affect the con-
venience and overall treatment compliance.
Furthermore, the limitations of MRI conditional-
ity with most systems represent a notable con-
cern. Many PNS devices have significant MRI
limitations, restricting the ability to perform nec-
essary imaging studies and complicating compre-
hensive patient care.

Insurance Coverage: Insurance coverage remains
a substantial barrier to the widespread adop-
tion of PNS. Many private payers continue to
have noncoverage policies for PNS, even con-
sidering significant evidence supporting its
use in various pain conditions. This financial
barrier can prevent patients from accessing
this potentially beneficial therapy. To over-
come this challenge, it is crucial to continue
advocacy for PNS, along with comprehensive
cost-benefit analyses demonstrating its long-
term benefits and potential cost savings [27,
28], Additionally, collaborating with insur-
ance companies to develop clear guidelines
and coverage policies can help facilitate
broader adoption.

No Current Framework for Acute Pain: While
PNS has shown promise in managing chronic
pain, there is currently no established frame-
work for its use in acute pain settings. Most of
the research on acute pain has been conducted
within the VA or military populations or
experimental settings, limiting its generaliz-
ability. Pioneering work by Ilfeld et al. in pro-
spective randomized controlled trials (RCTs)

has shown immense promise for PNS in man-
aging acute pain and preemptive analgesia for
surgical procedures [12, 13, 29]. However,
there is currently no CPT code for these spe-
cific applications, complicating reimburse-
ment and broader clinical implementation.
Developing protocols and conducting further
research focused on the application of PNS for
acute pain are necessary steps. Establishing
evidence-based guidelines and integrating
PNS into multimodal pain management strate-
gies could enhance postoperative pain control
and reduce reliance on opioids.

Case Example

A 73-year-old woman presented with chronic
left knee pain, persisting for over 7 years fol-
lowing a left total knee arthroplasty (TKA),
despite multiple surgical interventions, includ-
ing two TKA revisions. After temporary relief
from genicular and saphenous nerve blocks, but
ineffective genicular nerve ablations, she under-
went a peripheral nerve stimulation (PNS) trial
targeting the superomedial and superolateral
genicular nerves with 8-contact leads placed via
fluoroscopic guidance. The trial resulted in over
70% pain relief, prompting her to proceed with
permanent PNS placement using tined, 4-con-
tact leads and an implantable pulse generator
positioned in the left medial thigh.
Postimplantation, she reported >80% pain relief
with improved walking distance and overall
function (Fig. 18.2).
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Fig. 18.2 Fluoroscopic AP (left) and lateral (right) views
of PNS targeting the superomedial and superolateral
genicular nerves. The leads were advanced to the posterior

border of the femur to allow for robust programming and
coverage

Future Directions and Research

Upcoming Technologies: Innovations in PNS
technology are on the horizon, promising to
enhance the precision, efficacy, and patient
experience. Developments such as user-
friendly interfaces, increasing waveform
diversity and stimulation parameters, and
miniaturized implants continue to revolution-
ize the field. These technologies aim to pro-
vide targeted therapy, reduce procedural
invasiveness, and improve patient
compliance.

Research Gaps and Future Exploration: There is
a need for large-scale, randomized controlled
trials to establish the long-term efficacy (12-
month data and beyond) and safety of PNS
across various pain conditions. Further
research into the mechanisms of action of
PNS will provide deeper insights into optimiz-
ing stimulation parameters and improving
patient selection. Additionally, exploring the
role of PNS in acute pain management repre-
sents an important area for future
investigation.

Key Takeaways

1. Comprehensive Pain Management: PNS
offers significant potential for addressing
complex peripheral neuropathic pain as well
as central pain problems like postamputation
pain (PLP/RLP) and hemiplegic shoulder
pain. Incorporating PNS into multimodal
analgesia can improve patient outcomes.

2. Technical and Patient Challenges: Successful
PNS implementation requires overcoming
technical challenges like reliance on external
power sources, MRI conditionality issues, and
patient-specific factors such as comorbidities
and psychological diagnosesl.

3. Insurance Coverage Advocacy: Improving
insurance coverage through evidence-based
advocacy and cost-benefit analyses is essential
to making PNS more accessible to patients.

4. Acute Pain Framework Development: Despite
promising RCT studies [13, 30], protocols
and CPT codes for the use of PNS in acute
pain and preemptive analgesia for surgical
procedures need to be developed and
established.
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Introduction

Adequate postoperative pain management is
essential for improving patient outcomes and
potentially healthcare costs [1]. Inadequate pain
control may result in delayed recovery, extended
hospital stays, and increased healthcare expenses.
Pain after surgery may be divided into three
phases, including the acute (e.g., generally the
first week after surgery), subacute/transitional
(e.g., up to 3 months after surgery), and chronic
pain period (e.g., pain occurring generally more
than 3 months after surgery). To optimize post-
surgical pain management, in addition to pain
management by the primary service, effective
multimodal opioid-sparing analgesia may be pro-
vided by acute pain services (APS) [2] during a
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patient’s inpatient stay and/or a transitional pain
service (TPS) [3, 4], during the outpatient post-
operative period in order to potentially prevent
conversion of pain to chronic pain and persistent
opioid use or dependence. As perioperative pro-
viders, it is important to understand the financial
implications behind APS and TPS [5, 6]. Thus, in
this book chapter, we review the current literature
related to this topic.

Background and Current
Understanding

Postoperative pain management may be chal-
lenging especially for surgeries associated with
moderate-to-severe pain, including joint arthro-
plasty, complex spine surgery, thoracic surgery,
and major abdominal surgery. Inadequate pain
control during the acute and subacute period may
lead to chronic postsurgical pain, which imposes
significant burden in the United States. Over 50
million adults are affected by chronic pain, which
may incur significant cost burden related to direct
(e.g., costs of treatment) and indirect costs (e.g.,
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personal loss of labor productivity due to inabil-
ity to work). For example, a person with moder-
ate chronic pain may generate an excess of
$4516 in healthcare expenditures compared with
an individual without pain [6]. Thus, from both a
patient outcomes and healthcare costs perspec-
tive, it is essential that adequate resources are
placed to manage acute and subacute pain and
reduce incidence of chronic pain.

APS and TPS may both be multidisciplinary
teams consisting of anesthesiologists and other
specialists. An APS team may consist of a combi-
nation of mid-level providers and anesthesiolo-
gists, particularly those specialized in regional
anesthesia and/or chronic pain medicine. The
purpose of APS is to manage acute postoperative
pain, generally in the hospital setting, as it relates
to multimodal opioid-sparing analgesia protocols
that may consist of performing and managing
various regional anesthesia interventions, includ-
ing peripheral nerve blockade and neuraxial anal-
gesia (e.g., epidural or intrathecal opioid
injections) [7-9]. Pioneered at the Toronto
General Hospital, a TPS bridges the gap between
pain management following acute pain but before
the occurrence of chronic pain [3]. Such services
are generally outpatient and consist of expert care
related to pharmacologic (e.g., opioid weaning
and multimodal nonopioid prescriptions), proce-
dural (e.g., outpatient regional techniques includ-
ing cryoneurolysis and acupuncture), and
nonpharmacological interventions (e.g., elec-
tronic health applications for pain coping skills,
cognitive-behavioral therapy, biofeedback, and
counseling) [6].

As one could imagine, successful execution
of both APS and TPS requires institutional
investment and valuable resources. While the
potential benefits toward patient outcomes may
be clearer, the cost-effectiveness and financial
gains may be less clear. One approach is to frame
the business model for both APS and TPS by
comparing its costs against financial savings to
an institution. These savings may be related to
the prevention of complications and reduction of
hospital expenditures reported in the literature
[2]. For example, for APS, there has been some
evidence related to the reduction of hospital

length of stay as well as decreased opioid con-
sumption, which may lead to reduced risk of
opioid-related complications, such as ileus,
oversedation, respiratory events, and other
related adverse events [10, 11]. In regard to TPS,
the institutional investment may focus on how
such a service may reduce rates of unexpected
healthcare utilization, including hospital read-
missions, emergency room visits, or immobility
issues related to uncontrolled pain [12].

While such services may not always be profit-
able from a business standpoint, it is essential to
highlight their cost-savings potential. For exam-
ple, one article suggests that new persistent opi-
oid use after surgery is associated with $11,000
to $17,000 cost per patient in medical spending
during the first year after surgery [10].
Furthermore, there are essential steps in the bill-
ing process for care provided by APS/TPS teams
that should be practiced to further optimize the
cost-savings potential [13, 14]. In the next sec-
tion, we delve into more details regarding billing
considerations.

Clinical Applications
and Techniques

With regional anesthesia and APS consultations
for perioperative care, accurate billing documen-
tation is necessary to maintain financial stability
for such services. Compliance is important for
appropriate reimbursement to maintain viability.
Here we review the key components of documen-
tation related to procedures performed by APS
[13, 14]. First, medical necessity needs to be
established. Per the Centers for Medicare and
Medicaid Services (CMS), the surgeon is already
paid to provided postoperative pain control as part
of the global fee-for-service [15]; however, they
may request expert consultation from anesthesi-
ologists to provide pain services outside of a sur-
geon’s scope. This necessity needs to be
adequately documented, preferably as a formal
documented consultation. Next, billing of a
regional anesthetic will be based on if it is required
for intraoperative anesthesia versus postoperative
pain control. The former determined if the primary
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anesthesia is dependent on regional anesthesia
(e.g., “surgical block™) and thus would be billed
with the American Society of Anesthesiologists
coding system with no additional billing for the
nerve block. The latter would thus would be billed
separately using the Current Procedural
Terminology (CPT) coding system. Additional
components of adequate documentation for
regional anesthesia billing include a preoperative
evaluation designating the appropriateness of the
nerve block and procedure note [13]. For APS,
there are more in-hospital services that may be
billed for pain management, generally billed via
the CPT coding system. These include an initial
visit (e.g., inpatient acute pain consult), peripheral
nerve catheter follow-up, intrathecal opioid fol-
low-up, epidural follow-up, lidocaine or ketamine
infusion follow-up, and phone follow-up for at-
home nerve catheters. Of note, CMS does not
allow anesthesiologists to bill for APS activities
while concurrently supervising operating room
anesthesia [16]. In conclusion, to optimize cost
savings associated with APS, it is important to
follow guidelines set forth by CMS and provide
sufficient documentation as described.

In regard to costs associated with a TPS, this
will depend on the staffing model, which may
differ from one institution to another [12]. TPS
may be a multidisciplinary practice consisting of
anesthesiologists who specialize in acute and/or
chronic pain, nonanesthesiology providers spe-
cialized in chronic pain (e.g., physical medicine
and rehabilitation, neurology), mid-level provid-
ers (e.g., nurse practitioners, physician assis-
tants), psychologists, physical therapists,
palliative medicine specialists, physiologist, and/
or medical acupuncturists [3, 4]. Thus, depending
on the size of practice, the cost of a TPS could
range between $2 million and $7 million annu-
ally to cover staff salaries [6]. In order to main-
tain financial stability of a TPS, providers must
consider several points, including the staffing
size and services provided, reimbursement
related to clinic visits and procedures performed,
surgical volume, clinical need, and reduction in

incidence of persistent postoperative pain. A pay-
for-performance (rather than fee-for-service)
model may be an appropriate model for TPS to
make financial sense at an institutional level. In
this payment model, healthcare providers are
paid based on quality measures determined by
long-term outcomes. Examples of these payment
models include the Merit-Based Incentive
Payment System and the Alternative Payment
Model Program [17, 18]. Interestingly, one study
demonstrated that implementation of a TPS for
orthopedic surgical patients although led to an
increase in outpatient visits, there was no increase
in outpatient costs and no added costs for manag-
ing chronic opioid use patients [19].

Evidence-Based Practice
and Challenges and Considerations

The challenges regarding the business models
related to APS and TPS have been described
above. Despite these financial challenges, there
have been several evidence-based reports of the
benefits of such services for surgical patients.
These positive outcomes need to be highlighted
and part of high-level discussions with hospital
administration when pitching the necessity of
APS and TPS. Examples of positive postopera-
tive outcomes afforded by APS and regional
anesthesia include surgical populations in
microsurgical breast reconstruction [20], robot-
assisted laparoscopic nephrectomy [21], ventral
hernia repair with abdominal wall reconstruc-
tion [22], cytoreductive surgery with hyperther-
mic intraperitoneal = chemotherapy  [23],
pancreaticoduodenectomy [24], and cardiac sur-
gery [25]. Furthermore, several studies have
demonstrated the potential benefit of TPS in
improving postoperative opioid trajectories [26]
and preventing persistent postsurgical pain after
cancer surgery [27], obstetric surgery [28],
major shoulder surgery [29], orthopedic surgery
[19, 30], and in patients with preexisting opioid
use disorder [31].
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Future Directions and Research

Precision medicine is the concept describing
the personalized tailored care for individual
patients based on their own clinical and social
background [Jameson 26014593]. Rather than
design a TPS that targets all surgical patients,
another approach to allocating resources could
be based on a precision medicine design, in
which only high-risk patients (for chronic post-
surgical pain) would be managed by
TPS. Determining high-risk patients can be
challenging, but the use of predictive modeling
using preoperative electronic medical record
data may be a solution [32-37]. For example,
various machine learning models have been
reported that predict the odds of persistent post-
operative opioid use (e.g., > 3 months after sur-
gery) following spine surgery [32, 33], hip and
knee arthroplasty [34], sports medicine proce-
dures [35, 36], and among other surgeries [37].
Thus, future studies should integrate such mod-
els in clinical workflow to determine if indeed
high-risk patients may be accurately identified
and, thus, appropriately allocated to the
resources provided by APS and TPS.

Key Takeaways

Conclude with a highlighted box listing five
important learnings covered in your chapter.

1. Cost implications of APS/TPS
implementation.

2. Cost savings through  opioid-sparing
techniques.

3. Long-term cost-benefits through improved
patient outcomes, reduced lengths of stay, and
decreased complication-related costs.

4. Long-term return on investment—positive
impact on patient quality of life.

5. Effective billing practices are crucial for the
financial sustainability of acute and transi-
tional pain services.

6. Role of Al and predictive modeling in APS/
TPS.
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Case Report

A 34-year-old female presents to a local pain
physician with ongoing pain 5 months after hav-
ing a partial mastectomy due to ductal carcinoma
in situ. Pain is described as burning, constant, and
made worse by palpation. She has a prior medical
history of obesity, type 2 diabetes, scoliosis, pep-
tic ulcer disease, anxiety, and breast cancer status
post mastectomy as described. Prior to surgery,
she was taking hydrocodone 5-325 mg every
6—8 hours for her chronic back pain secondary to
scoliosis. Prior to surgery, an epidural was
attempted to be placed for intraoperative and
postoperative pain control. However, the catheter
could not be passed. The anesthesiologist utilized
a TIVA with propofol and remifentanil. The sur-
gery was deemed successful and overall was
uneventful. Her postoperative course was uncom-
plicated with the exception of significant acute
postoperative pain, which was poorly controlled
with opioid analgesics. Pain has only slightly
improved over the subsequent months. Her
workup has been negative for recurrence of
malignancy or infection. She has been main-
tained on an opioid regimen of 10 mg oxycodone
every 6 hours for the past 6 months.
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Introduction

Chronic postsurgical pain (CPSP) is one of the
most undesirable and unfavorable outcomes after
any surgical procedure. While acute postsurgical
pain is to be expected with many surgeries,
chronic postsurgical pain is usually unanticipated
though there are possible indications and risk fac-
tors to help predict when it is more likely to occur
[1]. Acute postsurgical pain can vary in length,
with pain sometimes lasting days to weeks if
experienced and majority of patients making an
eventual recovery [2, 3]. However, persistent or
chronic postsurgical pain is a debilitating condi-
tion that can have deleterious effects on those
who develop the condition [2].

Background and Current
Understanding

The first definition of chronic postsurgical pain
(CPSP) was in 1999 by Macrae and Davies, and
was later updated by Macrae in 2001 [4, 5]. He
described CPSP as pain that lasted a minimum of
2 months after surgical intervention without other
potential cause, including presurgical pain. Over
the years, the definition has expanded. In 2014,
Werner and Kongsgaard proposed several
updates, many of which became part of the cur-
rent definition of CPSP [6].
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As of 2019, the International Association for
the Study of Pain has combined the previous
descriptions with that of chronic posttraumatic
pain. It is now defined as “chronic pain that
develops or increases in intensity after a surgical
procedure or a tissue injury and persists beyond
the healing process, i.e., at least 3 months after
the surgery or tissue trauma” [2]. Other criteria
that must be met include:

1. That the pain must be localized to either:
(a) The surgical field or field of injury
(b) Projected to the innervated territory of a

nerve situated in the surgical area

2. All other causes of pain be excluded such as:
(a) Preexisting pain conditions
(b) Infection
(c) Malignancy

3. May or may not show characteristics of neu-
ropathic pain

Furthermore, CPSP is discernable from post-
traumatic pain in that it originates after a con-
trolled surgical procedure as a part of a therapy,
whereas posttraumatic pain develops after an
accidental and uncontrolled event. Patients who
develop CPSP will often show several features of
neuropathic pain as well [2].

The mechanism behind the development of
CPSP is not well understood, though animal
models have helped to get us a better apprecia-
tion [7-11]. It is understood that there is com-
monly a neuropathic component to the pain
development, even if no direct insult to neural
structures, which is in of itself a potential cause
of CPSP [8, 12]. Peripheral sensitization is
likely a key component to the development of
CPSP [8]. Incisional and surgical stimulation,
as well as the inflammatory response from heal-
ing, lead to the activation of nociceptive fibers,
which results in a release of several cytokines
and other molecules in the primary sensory
nerve fibers at the level of the dorsal root gan-
glion [8]. The sustained stimulus can then lead
to peripheral sensitization. This in turn can lead
to central sensitization at the level of the spinal

cord in the dorsal horn, which is also thought to
be a key component in the development of
CPSP [8, 11]. The brain also undergoes neuro-
plastic changes in response to the sustained
noxious stimuli, primarily in thalamic path-
ways [13]. A genetic component is also thought
to play a part in the development of CPSP and
may influence as much as 50% of its develop-
ment [14].

The incidence of CPSP is variable and related
to the surgical procedure performed [1]. Over
230 million major surgical procedures are esti-
mated to be performed annually across the globe
[15]. Acute pain is expected to range from 5% to
85%, depending on the procedure performed,
with about 10-50% converting to CPSP [16].
Moderate to severe CPSP, which may affect qual-
ity of life, ranges from 2% to 15% of CPSP
patients [13].

Besides a higher incidence after certain proce-
dures, several other risk factors can be predictive
of the development of CPSP [1, 17]. One of the
most consistent risk factors found across studies
is that the younger age of adults has been shown
to correlate with increased incidence of CPSP but
not in the pediatric population [9, 17]. Females
also seem to be at higher risk of CPSP develop-
ment, as well as patients with a higher BMI [1,
17]. Smoking has also been implicated as a
potential risk factor for CPSP [18]. Anxiety,
depression, and pain catastrophizing have all
been studied as potential risk factors of CPSP
development [19, 20].

As stated earlier, genetic predisposition is
likely a major factor [21, 22]. The impairment of
diffuse noxious inhibitory control has been asso-
ciated with CPSP in postthoracotomy patients
[23]. Genetic variability of genes involving neu-
rotransmission, especially COMT, potassium and
calcium ion channel activity, NF-x-B, and
immune response have all been implicated as
well in potentially predisposing patients to the
development of CPSP [24, 25].

There are nondemographic preoperative risk
factors as well. Patients with higher preoperative
pain scores also seem to be more at risk of devel-
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opment of CPSP [20, 26]. These can be related to
injury or the cause for surgery but can also be due
to other pain pathologies such as fibromyalgia [8,
27]. Preoperative opioid use, whether it be for the
surgical pathology itself or for other pain pathol-
ogies, is also seen as a risk factor for CPSP devel-
opment [8, 28].

The type of surgical procedure performed car-
ries an individualized risk of developing
CPSP. Certain procedures carry with them an
increased likelihood of nerve injury, another
independent intraoperative risk for CPSP devel-
opment. Surgical technique can be another factor
in the development of CPSP, with minimally
invasive approaches often correlating to lower
incidence of CPSP development than those
approaches requiring larger incisional exposure
[17]. However, this is not always the case, and the
type of tissue insulted during the procedure, such
as viscera compared to fascia, seems to matter
more than the technique used [1]. Longer length
of surgery has also been associated with increased
incidence of CPSP [20]. An interesting but con-
troversial link is the use of high-dose remifent-
anil during surgery, as this can cause
opioid-induced hyperalgesia, which has been
linked to the potential development of CPSP [8,
29, 30-32].

In the immediate postoperative period, one
can also find risk factors that predict CPSP devel-
opment. Possibly the most consistent predictor of
CPSP is severe acute postoperative pain, espe-
cially in the first week [9, 33]. While pain is to be
expected, patients displaying out-of-control post-
operative pain, signs of hyperalgesia, or neuro-
pathic pain are at higher risk of developing CPSP
[8, 17]. Other postoperative risk factors for CPSP
involve the potential for tissue manipulation and
irritation. Radiation therapy and repeat surgery
have both been found to be potential risk factors
for CPSP [8, 34]. Table 20.1 reviews the risk fac-
tors associated with CPSP development.

Table 20.1 Risk factors for CPSP development

Patient centered
Younger age

Procedure related
Procedures with large incision

Female sex Procedures with high risk of
nerve injury

High BMI Procedures requiring visceral
manipulation

Smokers Long length of surgery

Anxiety Use of remifentanil

Depression Repeat surgery

Catastrophizing Radiation therapy

Genetic predisposition
High preoperative pain
score

Preopeative opioid use

Clinical Applications
and Techniques/Evidence-Based
Practices

Preventative Therapy

The treatment of CPSP after it develops, like
most types of chronic pain, is inherently difficult.
Therefore, preventative analgesia should be the
goal of the perioperative team [35]. Preventative
analgesia relies on the utilization of multimodal
analgesic techniques and medications to provide
adequate pain control in the perioperative period
in order to reduce peripheral and central sensiti-
zation [36]. Multimodal analgesia has been
shown to be effective in providing superior anal-
gesia from acute pain [37].

Surgical techniques can also potentially affect
the development of CPSP. Minimally invasive
techniques can help reduce tissue manipulation
and damage, as well as potentially avoid nerve
damage [38]. However, the purposeful avoidance
of nerve damage in several studies has shown
varying results in limiting CPSP development
[39, 40]. In addition, while minimally invasive
techniques have been shown to limit CPSP in cer-
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tain procedures, such as in laparoscopic hernia
repairs, many laparoscopic procedures involving
removal or manipulation of viscera, such as kid-
ney and colorectal tissue, show no difference in
CPSP development compared to open procedures
[41, 42].

The use of regional anesthesia has been well
documented as a useful technique as part of a
multimodal pain regimen, as it helps reduce the
response from nociceptive pain fibers in the cen-
tral nervous system [1, 43]. Several studies have
shown the benefit of epidural and peripheral
nerve blockades at helping to reduce both acute
surgical pain and CPSP [44-46]. Evidence for
epidural anesthesia is better than several other
regional techniques, but evidence is moderate at
best [47]. Intravenous lidocaine infusions periop-
eratively also have potential for reducing CPSP,
though only a few studies exist at this time and
conclusions cannot yet be made [1, 48, 49].

As the name suggests, multimodal analgesia
can be attained using multiple classes of pharma-
cologic analgesic medications [37]. Ketamine, an
NMDA antagonist, has been widely used as an
adjunct analgesic perioperatively for decades.
Several studies have already shown ketamine to
potentially reduce acute postoperative pain and
postoperative opioid consumption [50, 51], but
its potential for reducing CPSP has thus far been
inconclusive [8, 48]. Despite being a mainstay of
treatment for chronic neuropathic pain, gabapen-
tinoids such as pregabalin and gabapentin have
not been shown to reduce the risk of development
of CPSP when used in the perioperative period
[48]. Serotonin-norepinephrine reuptake inhibi-
tors (SNRIs) such as duloxetine and venlafaxine
have shown some promise, but data is sparse and
more studies are needed [52, 53].

Nonsteroidal antiinflammatory drugs
(NSAIDs) and cyclooxygenase inhibitors have
been sparsely studied in the prevention of CPSP
with some positive results, but overall their utili-
zation has been inconclusive [48, 54]. While
acetaminophen has been utilized in several multi-
modal regimens and there is some data regarding
its use for acute pain control, it has never been
studied as a potential preventative therapy for
CPSP [55, 56]. To date, two studies have shown

mixed results on the efficacy of steroids for pre-
venting CPSP [48, 56].

Opioids are still a mainstay of acute pain man-
agement in the perioperative period. Studies have
shown their efficacy in the treatment of moderate
to severe acute pain and for prevention of CPSP
[54, 57]. However, judicious use of opioids and
earlier reduction is advised for several reasons,
including reducing tolerance to opioids, limiting
the expedition of central sensitization, and alter-
ing descending inhibition, among others [1, 8].
Therefore, utilizing other techniques such as
regional and multimodal analgesia to reduce opi-
oid use is recommended [11].

The management of subacute pain, or pain in
the first 3 months following surgery, has also
been linked to limiting CPSP, as patients with
pain that is left untreated or fail to improve in the
first couple of months after surgery are more
likely to develop CPSP [58, 59]. Subacute pain
after discharge can be expected, but if severe it
can lead to delays in recovery and potential read-
mission [59]. During this timeframe, multimodal
analgesia tailored to the patient’s needs in the set-
ting of a rehab hospital has been shown to help
prevent CPSP, usually in the first 1 to 3 months
[57]. Further follow-up and development of pain
services dedicated to treating subacute pain have
shown good initial results at preventing CPSP
[60, 61].

Management of CPSP

Prompt identification of CPSP by a thorough his-
tory and physical is crucial to begin providing
care for the patient. Of equal importance is con-
firming that no other etiology is present, such as
infection, hardware malfunction, or recurrence of
malignancy, depending on the initial surgery
[62]. Furthermore, distinguishing between the
type of pain or pain state, such as neuropathic vs.
nociceptive pain, is also critical as this will direct
the treatment [56]. Despite the characteristics of
the pain, an approach using multimodal therapies
offers the greatest benefit to pain reduction and
quality of life improvement [62]. These therapeu-
tic regimens can include pharmacologic, inter-
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ventional, lifestyle, and psychosocial approaches
to achieve pain management [63, 64].

Several pharmacotherapies can be utilized for
the management of CPSP. Should the pain be
more neuropathic in nature, gabapentinoids, tri-
cyclic antidepressants, and SNRIs can be utilized
to help with pain control [56, 65]. Tylenol,
NSAIDs, and opioids have been utilized to con-
trol pain as well. However, opioid therapy must
be done judiciously to avoid adverse effects such
as tolerance, dependence, addiction, and opioid-
induced hyperalgesia. That said, the data for all
medication management are suboptimal at best
[56, 54, 65].

Interventional therapies have also shown some
benefit. Several case reports and case series have
reported successful peripheral nerve blocks pro-
viding pain relief in patients with various types
and locations of CPSP [62]. Furthermore, nerve
ablation via phenol, alcohol, or radiofrequency
has also shown good evidence for CPSP manage-
ment [54, 62]. The injection of botulinum toxin
has been shown to be a successful therapy in the
treatment of certain types of CPSP [65]. There is
also evidence for epidural steroid injections to
provide some relief in patients with prior spine
surgeries [66—68]. Neuromodulation via spinal
cord stimulation has emerged as a viable therapy
for CPSP, especially in cases of prior back sur-
gery [65, 69]. Likewise, targeted drug delivery
via intrathecal pain pumps is another potential
therapy, albeit with limited evidence [70].

Challenges and Considerations

Currently, the biggest challenge and consider-
ation is the lack of consensus among experts in
the field. This is driven by the lack of, and some-
times disputed, evidence that exists for both the
prevention and treatment of CPSP. Most of the
evidence for prevention, and even more so for
treatment, are based on small studies with sig-
nificant flaws in study design [65]. Furthermore,
no study has ever looked at multimodal and
multidisciplinary studies specifically for the
CPSP population [65]. More research with
better-designed studies with multimodal thera-

peutic regimens is needed to come up with bet-
ter recommendations for care of the CPSP
population.

Future Directions and Research

More high-powered, quality studies are needed to
ascertain optimal therapies for the prevention and
treatment of CPSP [65]. These must include mul-
timodal pharmacological, psychosocial, and
interventional regimens targeting specific proce-
dural CPSP. As stated in this chapter, genetic test-
ing has great potential for early identification and
potential prevention of developing CPSP. The
Human Pain Genetics Database is an ongoing
study into genetic variations and single nucleo-
tide polymorphisms that looks at variants associ-
ated with phenotypic pain profiles; it currently
contains 434 genetic variants based on 294 stud-
ies [71]. This may show promise for identifying
patients at high risk of developing CPSP.

Machine learning and artificial intelligence
also show promise as predictive tools for both
risk assessment and response to different thera-
pies in the future [72, 73]. Several studies have
already examined the use of machine learning
for the prediction of persistent opioid use across
different surgical populations [74-78]. Further
work is necessary to better understand how arti-
ficial intelligence can contribute to improved
mechanistic understanding, diagnosis, and treat-
ment of CPSP.

Key Takeaways

1. CPSP can be a debilitating condition that
leads to ongoing pain and suffering for a
patient.

2. Prevention of CPSP should be a primary focus
for providers, identifying which risk factors
may make a patient more susceptible to devel-
oping CPSP.

3. Several modalities, including pharmacologic,
interventional, physical therapy and exercise,
and neuromodulation, among others, can be
utilized to treat CPSP.
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4.

Further research is needed in the form of high-
powered clinical trials, genetic sampling, and
advancements in machine learning to obtain a
better understanding of who is at risk of devel-
oping CPSP, as well as which treatments
would be most beneficial to CPSP patients.
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and Tapering Strategies:
Approaches to Effectively Manage
and Taper Pain Medications

Terence Hillery, Behnum Habibi, and Chong Kim

Introduction

Well documented is the story of Dr. William
T.G. Morton, who first publicly employed ether
as a surgical anesthetic in 1846. Less is known
about the patient, Edward Abbott’s, postoperative
course. The short-term goal of perioperative pain
management is to reduce severe postoperative
pain. To this end, derivatives and analogues of the
opium poppy have played a prominent role for
millennia. Over time, clinicians have increas-
ingly focused on the long-term goal of reducing
risk for chronic postoperative pain. There is a
natural conflict in these goals, as prolonged post-
operative opioid analgesia has been linked with
short-term adverse effects and inferior long-term
pain outcomes [1]. Today, physicians have an
expanding set of data with which to plan the
introduction and weaning of medications for
perioperative pain [2]. This chapter will cover the
background for the current landscape of periop-
erative medication management, as well as recent
guidelines and other evidence addressing clinical
applications, special populations, clinical chal-
lenges, and future directions.
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Background and Current
Understanding

Over the preceding half-century, medical leader-
ship sought to improve postoperative pain man-
agement and change societal perception of
postoperative pain [3]. Previously, fear of postop-
erative pain was a more prominent barrier to
many patients in need of surgical care. This coin-
cided with a shift toward a more permissive
approach to the prescription of opioids. More
recently, the link between perioperative opioid
use and chronic postoperative pain has strength-
ened. Two main strategies have been introduced
to reduce perioperative opioid consumption.
Acute multimodal pain care, as exemplified by
enhanced recovery pathways (ERP), stresses
multimodal pharmacology, such as the use of
acetaminophen, nonsteroidal antiinflammatory
drugs (NSAIDs), muscle relaxers, benzodiaze-
pines, and gabapentinoids. Additionally, new
policies and guidance have sought to reduce post-
operative opioid intake. While these efforts con-
tinue, the United States still far outstrips other
nations in postoperative opioid intake [4].
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Perioperative Guidelines
and Policies: Applications
and Techniques

Guidelines and Policies

Several clinical practice guidelines are available
to guide clinicians in various aspects of periop-
erative medication management [5, 6]. These
guidelines recommend utilization of a dedicated,
continuously available Acute Pain Service.
Surgical societies have also published ERP
guidelines with specific recommendations for
particular operations. For example, the American
Society for Enhanced Recovery (ASER) has pub-
lished specific treatment algorithms for colorec-
tal surgery, including recommended medication
doses at specified time points. These ERP guide-
lines focus mostly on initiation and weaning of
nonopioid medications and modalities [7, 8].

Preoperative Period

It is widely agreed that a comprehensive assess-
ment of both medical and psychosocial factors
linked to patient outcomes should be undertaken
in the preoperative period. This includes assess-
ment of medication history, opioid use, other
medication use, alcohol, and illicit drug use.
Directed perioperative pain management plans
have been shown to reduce opioid use and speed
time to discharge [9]. Medication abstinence syn-
dromes, such as may be encountered with discon-
tinuation  of  benzodiazepines,  opioids,
antipsychotics, and antidepressants, should be
anticipated and managed.

Postoperative

The guidelines recommend clinicians consider
techniques including regional anesthesia, epidural
catheters, and PCA-delivered medication in a
patient-centered approach. Multimodal techniques
are preferred, with the drug, route, dose, and dura-
tion of therapy to be documented, individualized,
and responsive to patient assessment tools.

Opioid Tapering
Introduction

While ERP programs emphasize nonopioid care,
the majority of US surgical patients are still
treated with opioid medication [10]. To meet the
twin goals of opioid harm reduction and preven-
tion of chronic postoperative pain, opioid taper-
ing after surgery is a growing area of focus. It is
now understood that the risks and benefits of con-
tinued opioid therapy vary significantly by clini-
cal situation. For example, the risks and benefits
of postoperative opioid therapy after a dental pro-
cedure in a 19-year-old differ significantly from
that of a 72-year-old recovering from spinal
fusion.

Perioperative Opioid Tapering

The surgical literature strongly suggests that
timely tapering of opioids is linked with improved
functional outcomes and lower risk of adverse
outcomes. Opioid liberalization and altered soci-
etal expectations for postoperative pain have con-
tributed to longer and sometimes chronic
postoperative opioid therapy [3]. It is also known
that inadequate postoperative pain control is
linked with chronic postsurgical pain. Thus, both
insufficient pain control and prolonged opioid
therapy put patients at higher risk of adverse
chronic pain outcomes. This highlights both the
importance and challenge of providing evidence-
based care throughout the postoperative period.
From the surgical literature, several methods
have been proposed for opioid tapering. For
example, one approach utilizes standardized dos-
age recommendations [11]. An expert panel pub-
lished specific recommendations for the number
of 5 mg oxycodone tablets to be prescribed after
common dental procedures. After tooth extrac-
tions, zero tablets were recommended; after bone
grafting procedures, 0-12 tablets were
recommended. Similarly, in the hand surgery lit-
erature, authors collaborated to characterize
usual practice for opioid prescription after com-
mon procedures. They then studied patient out-
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comes after opioid reduction education was
provided to clinicians, which were favorable.
Citing this evidence, the authors gave specific
dosage guidelines, recommending no more than
ten 5 mg oxycodone tablets be prescribed after
carpal tunnel release [12]. Another approach cal-
culates individualized tapers based on total opi-
oid consumption on the day prior to discharge
using a decay function [13].

Acute to Subacute Transition

It is clear from the literature that guideline-driven
tapers of opioid pain medication in the acute
postsurgical period have been successfully imple-
mented. Further work remains in refining and
implementing guidance for specific procedures
and patient populations. At present, many patients
are continued on opioid therapy in the weeks and
months after surgery for a broad range of proce-
dures. Evidence and guidance [14] suggest pro-
longed therapy changes the risks and benefits of
tapering opioid medication.

Subacute and Chronic Opioid
Therapy Risk Analysis

During subacute or chronic opioid management
of pain, a clinician may determine that the risks
of continued opioid therapy outweigh the bene-
fits [15]. This may be particularly true for younger
patients, for whom the long-term risks are most
pronounced [16]. Failure of therapeutic benefit of
opioid therapy may present as inadequate pain
relief or insufficient functional improvement on
opioid therapy. Risks include physical depen-
dence, addiction, and death, but may also include
unacceptable side effects, decreased physical
ability, and social isolation. This may present as
falls, accidents, and worsening symptoms of
comorbid cognitive or psychiatric conditions.
Guidelines consider the benefit threshold to be a
30% improvement in pain level or function. Tools
including the three-question PEG tool are vali-
dated for this use [17].

Another manifestation of risk may be failure
to adhere to the opioid treatment agreement. A
chronic or subacute opioid treatment agreement
typically specifies that the patient must abstain
from alcohol, illicit drugs, and possibly other
neurotrophic  prescription medications; the
patient also agrees they may only receive opioids
from the named physician. This agreement is
maintained through regular office visits, drug
screening, pill counts, and substance abuse
screening tools.

A common and prominent risk with chronic
opioid therapy is the concomitant administra-
tion of benzodiazepines and gabapentinoids,
which has been shown to increase mortality
[18]. Separate evidence and guidance suggest
that high-dose opioid therapy is linked to death
and other adverse outcomes [15]. Recent guid-
ance suggests this threshold for increased risk
begins at 50 milligram morphine equivalents
[14]. These factors should be considered when
weighing the risks and benefits of continued
opioid therapy.

Subacute and Chronic Opioid Taper
Techniques

Whether initiated by the patient or the clinician,
the patient should be engaged in a clear, open dis-
cussion of the timeline and expected
experiences.

At least nine distinct categories of tapering
protocols have been reported in the literature,
including tapering using the patient’s current opi-
oid medication, substituting a long-acting opioid
such as methadone, and the addition of alpha 2
adrenergic agonists (clonidine and lofexidine). A
partial opioid such as buprenorphine may be sub-
stituted, and naltrexone may be used at the con-
clusion phase of a taper. For example, in a patient
with opioid use disorder (OUD), a buprenorphine-
only taper strategy may be employed. Clinicians
have also studied drug-induced withdrawal,
though this is not common in clinical practice
[19]. High-risk patients may benefit from referral
to a pain medicine specialist.
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Most opioid taper techniques rely on calcula-
tion and conversion of the morphine milligram
equivalent (MME) of a regimen. Commonly, a
taper is initiated by recording the total opioid
intake (oral and intravenous) over a 24-hour
period, then converted to MME. This daily dose
is reduced by a 25-50% safety factor, then
divided into as-needed doses of immediate-
release opioid medication. From there, reduc-
tions of between 10% and 25% of total MME
every 1-4 weeks have been recommended [10].
In chronic opioid tapers, there is some evidence
to suggest that rapid tapering [20] is associated
with negative outcomes, and slower tapering may
be associated with greater adherence [21]. Patient
input is important when considering how to enact
a dose reduction, such as the decision to divide
tablets or take less frequently.

Case Study

A 50-year-old patient who underwent lumbar
spinal fusion 16 weeks ago is currently taking
30 mg extended-release oxycodone twice daily
and a total of 40 mg instant-release oxycodone
per day. The 24-hour MME is 150. The first step
in the taper could be to decrease the MME by
25-50%, maintained for 1-4 weeks. This may be
accomplished by converting entirely to instant-
release oxycodone, such as by prescribing
instant-release oxycodone 15 mg (MME 135) to
be taken every 4 hours. Subsequent steps in the
taper could include lengthening dosing intervals
or decreasing individual doses to reduce daily
MME by 10-25% every 1-4 weeks.

Special Populations
Opioid Use Disorder

Opioid use disorder presents particular chal-
lenges for perioperative management. Multiple
guidelines discourage routine discontinuation of
suboxone in the perioperative period [22, 23].
Guidelines recommend dividing buprenorphine

doses (2-3 doses per day). Within this strategy, a
buprenorphine only (with increase to 24-32 mg
per day) and a buprenorphine plus full, high-
affinity mu opioid receptor agonism (fentanyl,
hydromorphone) paradigms have been employed
[6, 15]. Postoperative and postdischarge opioid
taper planning must be considered carefully in
light of both the expected recovery timeline and
the possibility (and implications) of opioid with-
drawal. Opioid sparing strategies have been
implemented to treat chronic postoperative pain
in this population, including the use of periodic
intravenous ketamine infusions.

Challenges and Considerations

The challenges to implementing these recom-
mendations are numerous. Factors that influence
the development of chronic postoperative pain
and opioid use may begin years before the opera-
tion. Recommendations to date presuppose a
high level of care coordination and collaboration
(such as commonly agreed pathways and care
plan templates) between specialties. The conse-
quences of decades of opioid liberalization pose
further challenges, both in OUD and in the soci-
etal expectations for perioperative pain control.
Chronic opioid tapering is currently an area of
intense debate, with some guidance emphasizing
the risks of continued opioid therapy, while other
guidance stresses the risks of abrupt opioid taper-
ing [24].

Future Directions

Chronic postoperative pain and opioid use disor-
der continue to impose an enormous burden on
population health and healthcare resources.
Significant work remains in clarifying periopera-
tive risk and protective factors for these condi-
tions. While expense and care-coordination
remain significant hurdles, progress may be
expected by expansion and implementation of
guidance, including ERP programs and guideline-
directed acute postoperative opioid tapering.


R
New Stamp


21 Medication Management and Tapering Strategies: Approaches to Effectively Manage...

167

Neuromodulation, complementary and alterna-
tive medicine, and perioperative psychological
care may hold promise.

An area ripe for opportunity is the expansion
of guidance and the implementation of guideline-
directed opioid tapering in the acute postopera-
tive period. Successful implementation using a
variety of techniques has been demonstrated
[11-13]. For most clinicians, opioid management
is not the focus of their training or practice.
Specific evidence-based guidance may be helpful
in motivating and instilling confidence in clini-
cians to implement timely opioid tapers in their
postsurgical patients.

Key Takeaways

* Opioid consumption in the perioperative
period is a key factor linked to both opioid use
disorder and chronic postoperative pain.

e A multidisciplinary approach to perioperative
medication management, though challenging
and expensive, has been shown to be effective
in reducing opioid use.

» Patient education is critical in adhering to the
directed perioperative medication manage-
ment plan.

» Special populations, such as patients with opi-
oid use disorder, require individualized plans
and close monitoring.

* Progress may be expected as the gap between
the guideline-recommended multidisciplinary
approach and clinical care delivered is bridged.
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Pain: Examines the Psychological
Impact of Chronic Postoperative

Pain

Frank Kenner, Lauren Abshire, and Sara Davin

Introduction

Approximately one in three Americans live with
chronic pain [1], with ~8% having high impact
chronic pain (HICP) [2]. HICP is characterized
by disabling persistent pain [2] and associated
with higher psychosocial challenges and opioid
use [3]. HICP is one of the most up to date terms
in the literature to describe the debilitating nature
of severe chronic pain conditions. With 313 mil-
lion surgeries performed worldwide each year [3]
it is reasonable to expect that many individuals
seek surgery to address long-term pain. Rate of
preoperative HICP range from as high as 71.6%
to as low as 15.2% in the spine surgery popula-
tion [4]. Psychosocial factors are repeatedly
implicated in the discussions of HICP and in
postsurgical outcomes, including the transition to
persistent postsurgical pain [5] (PPSP). Given
that PPSP and postoperative HICP are associated
with exceedingly more healthcare costs, disabil-
ity, and opioid use [4], it is reasonable and empir-
ically supported to optimize patients from a
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comprehensive psychosocial perspective to
enhance outcomes and reduce risk for continued
pain. This chapter will highlight the relevant lit-
erature on the psychosocial impact of chronic
pain in the perioperative setting, provide real-
world applications of psychologically based peri-
operative treatments and discuss challenges and
future directions to enhance understanding and
utilization of psychologically informed perioper-
ative care.

Background and Current
Understanding

A growing body of research supports the biopsy-
chosocial model of disease proposed by Engel
[5] including its application to chronic pain con-
ditions [6]. The identification and possible reme-
diation of associated psychosocial factors that
can affect outcomes following medical proce-
dures is of paramount importance. Taylor and
colleagues [7] examined nonpsychosocial patient
and technology factors as predictors of pain relief
following spinal cord stimulator (SCS) implanta-
tion for failed back surgery patients with chronic
leg and back pain. These factors included loca-
tion, duration, and initial level of pain, litigation/
worker’s compensation status, age, gender, dura-
tion of follow-up, type of SCS lead used, and
method of lead placement. Their meta-regression
analysis revealed no associations among these
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factors and postoperative pain reduction. They
concluded all patients benefited from SCS
placement, with substantial variability in the
level of pain relief obtained. In contrast, psycho-
social factors have been shown to be robust pre-
dictors of outcomes following surgical or other
interventions for chronic pain and related condi-
tions [8, 9]. These factors, according to system-
atic reviews [10—12] on PPSP, include depression,
anxiety, stress, catastrophizing, and psychologi-
cal vulnerability [13]. Furthermore, state anxiety
and pain magnification, one of the dimensions of
pain catastrophizing, predicted postsurgical pain
intensity at 3 months postsurgery irrespective of
the surgical model (total knee arthroplasty versus
breast surgery for cancer), even in the absence of
presurgical pain [14]. This finding suggests these
factors are not mere remnants of preexisting
chronic pain, but potential risk factors for new
onset PPSP. Similarly, Giusti and colleagues [15]
showed pain catastrophizing was associated with
pain intensity in the acute postsurgery phase and
emotional distress was associated with pain
intensity and pain interference at 1 month and
pain interference at 3 months postsurgery. A
meta-analysis [12] of 15 relatively high-quality
studies revealed a pooled odds ratio of between
1.55 and 2.10 for the association between fear/
catastrophizing and PPSP.

Certain protective factors have been identified
which are associated with improved outcomes
postsurgery. Higher levels of self-efficacy is
associated with less impairment, affective dis-
tress, and pain severity in chronic pain patients
[16] and greater improvement in functional abil-
ity following knee replacement surgery in the
1-5-year postoperative period [17, 18].

Perhaps less studied than the intrapersonal
factors related to postop pain outcomes are the
interpersonal factors—the social aspect—but
these are no less influential. Hanley and col-
leagues [19] showed that increased social support
and decreased spousal solicitousness at 1-month
postamputation explained 22% of the variance in
pain interference in patients following lower limb
amputations at 2 years postsurgery. An overso-
licitous spouse (or other influential person) who
offers to take on responsibilities once handled by

the recovering patient provides an incentive to
increase pain behaviors and reduce overall physi-
cal functioning as physical activities are increas-
ingly avoided [20]. It can also interfere with
developing pain-related self-efficacy that can
only come from efforts to function adaptively
despite pain.

Research into intervention efforts to mitigate
risk factors for PPSP is at an early stage. Wang
and colleagues [21] completed a meta-analysis
on the effectiveness of perioperative psycho-
therapy on PPSP. They found psychoeducation
alone was not effective in mitigating PPSP;
however, psychoeducation plus cognitive behav-
ioral therapy (CBT) or relaxation training was
effective in reducing PPSP and physical impair-
ments in the postoperative period. They sug-
gested further research focus on exploring
targeting more psychologically vulnerable sur-
gical patients to provide psychotherapy in the
perioperative period.

Evidence-Based Practices

Preliminary evidence exists for the efficacy of
cognitive behavioral therapy (CBT) on postsurgi-
cal outcomes. In CBT, a psychologist or therapist
focuses on modifying a person’s maladaptive
cognitive, behavioral, and emotional propensities
to elicit change in these response patterns by
implementing more adaptive coping strategies to
improve quality of life. A systematic review of
randomized-controlled trials (RCTs) [22] investi-
gating perioperative CBT-based interventions
showed that four of six studies reported reduced
pain intensity and five of five studies reported
reduced pain disability. The authors noted sub-
stantial heterogeneity with respect to timing and
delivery of the interventions and length of fol-
low-up; however, this makes recommendations
for specific treatment approaches uncertain. An
earlier meta-analysis [23] of CBT-based RCTs
using chronic pain patients revealed a median
effect size of 0.5 versus waitlist control for all
outcomes including pain experience, pain behav-
iors, mood, cognitive coping, social role func-
tioning, and use of the health care system. Smaller
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effect sizes were seen versus active controls and
were limited to the domains of pain experience,
cognitive coping, and pain behaviors.

Empowered relief is a single session 2-hour
CBT-based intervention to treat chronic pain cre-
ated by Dr. Beth Darnall at Stanford University
that has been adapted for acute pain and surgical
populations. The pilot study of this adapted ver-
sion of empowered relief, called “My Surgical
Success” showed participants who engaged in the
course stopped opioids 6.5 days sooner after sur-
gery when compared to the control group [24].
Another study on orthopedic trauma surgery
patients demonstrated significant reductions in
pain after surgery and sustained analgesia
3 months later [25]. Overall, findings suggest this
single session evidence-based intervention may
be an effective way to proactively intervene to
reduce the risk of PPSP. Additionally, this class is
often administered in a group format which
increases  accessibility of  psychological
interventions.

There has also been a growing interest in
acceptance- and mindfulness-based interventions
for chronic pain. Acceptance and Commitment
Therapy (ACT) emphasizes the need to accept
pain as an inevitable consequence of certain con-
ditions and to focus one’s efforts toward achiev-
ing valued life goals in spite of pain, rather than
pain relief [26]. Mindfulness-based stress reduc-
tion (MBSR) [27] and mindfulness-based cogni-
tive therapy (MBCT) [28] utilize meditative and
other awareness focused interventions to promote
acceptance of pain and other difficult sensations.
The focus is on observation and awareness (ver-
sus avoidance) of these sensations with a non-
judgmental and nonreactive mindset.
Meta-analyses of these approaches revealed
moderate effects sizes on pain, depression [29],
anxiety, and pain interference [30].

Hypnosis is another behavioral intervention
utilized independently or in conjunction with
other psychological modalities. Hypnosis has
been used for pain relief for centuries and
involves inducing a hypnotic state through spe-
cific suggestions promoting changes in sensa-
tions, emotions, behaviors, and cognitions prior
to reorienting them to their surroundings [31].

One study of the perioperative use of hypnosis
demonstrated short-term analgesic benefits 1
week after surgery [32].

Challenges and Considerations

Patients may experience unexpected vulnerabili-
ties in the postoperative period, such as acute
postoperative pain, changes in medications,
restrictions on physical abilities resulting in mus-
cle atrophy, boredom, fear of movement, nega-
tive changes in mood, and maladaptive cognitions.
As a result, it can be difficult to determine which
interventions to administer and when to optimize
surgical success due to inconsistencies in the
research [33]. While there are certain risk factors
that may increase the risk of developing PPSP,
accurately identifying and providing an interven-
tion to patients can pose a challenge. Additionally,
there is limited access to pain psychologists
despite a national call in 2016 to increase pain
education for psychologists at all levels of train-
ing [34]. Increasing accessibility of interventions
is of paramount importance. Implementing group
interventions, digital, and/or self-paced options
for psychological interventions may help improve
access.

Heightened levels of negative emotional or
cognitive stress in the postoperative period may
contribute to an increase in stress hormones and
inflammatory responses [33]. This prolonged
stress response can result in changes to the noci-
ceptive transmission and pain awareness in the
corticolimbic circuit [35]. Therefore, it is crucial
to target and treat the stress response and associ-
ated negative emotional and cognitive stress
promptly to mitigate the risk of developing
PPSP. A meta-analysis of the research to date
suggests psychological interventions in the post-
operative period or in both the pre- and postop-
erative period tend to be more effective than
preoperative interventions alone [31]. This may
be an important consideration in deciding when
to implement an intervention to be the most
effective. Interventions in the preoperative period
should be reinforced throughout the periopera-
tive pathway or introduced postoperatively.
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Application of Evidence-Based
Therapies to the Clinical Treatment
Pathway

While available evidence supports a psychologi-
cally informed perioperative pathway for pain
management, practical models to guide organiza-
tions are missing. It is notable that well-
established protocols exist to support surgery
recovery in certain disease states (such as bariat-
ric surgery for obesity); however, there are virtu-
ally no protocols that routinely incorporate
behavioral skills training for reducing pain
postsurgery.

The typical clinical scenario involves a patient
with multiple complex and overlapping pain syn-
dromes that is recommended for surgery to
address one of the pain syndromes. For example,
a patient may be experiencing lumbar radiculop-
athy in the setting of chronic back pain, while
also having a history of fibromyalgia. Especially
in the case of HICP, the patient may present as
highly motivated for pain relief from surgery,
while also understandably apprehensive about
the outcome due to the impact that persistent pain
has had on their quality of life. Pain-related fear
and avoidance are very common, alongside ele-
vations in clinical scales of depression, anxiety,
and sleep disturbance. Despite the array of psy-
chosocial variables that are also apparent, the
preoperative pathway is mostly dedicated to
medical clearance appointments and education
around surgery in and of itself. It is often quarter-
backed by a nursing team who are bombarded
with  clinical tasks for each patient.
Psychologically informed strategies to prepare
for surgery are missing.

Psychological evaluations to determine readi-
ness for spine procedures such as neuromodula-
tion and surgery have been part of regular practice
and required by payors for many years. In fact, in
some states, the Bureau for Workman’s
Compensation require all spine surgery candi-
dates to undergo a health and behavior assess-
ment prior to surgery. While such efforts
underscore the opportunities to target key psy-
chological variables that may enhance or inhibit
surgical outcome, they fail to provide targeted

strategies to support patients’ vulnerabilities
such as opioid use, fear of pain, and pain control
in the surgical period and beyond.

One major healthcare system operationalized
a clinical pathway integrating targeted behavioral
pain skill training as standard of care for spine
surgery patients. The development of this path-
way, which includes applying evidence-based
behavioral pain interventions in a group, virtual
format, is discussed in detail in a separate report
[36]. Of note, this example shows patients readily
engage in behavioral treatment in the periopera-
tive pathway and indicate they intend to use the
skills they learn to support their surgery. The
focus of such intervention includes: pain educa-
tion, instruction in concrete skills to self-regulate
pain such as relaxation, and enhancing patients’
ability to counter a negative pain mindset. These
clinical applications offer promise for feasibility
and acceptability, but certainly much more work
needs to be done. Strategies for identifying high-
risk patients, tracking progress, medication use,
and pain postsurgery are the necessary next steps
to extend behavioral skills into the postsurgery/
recovery period.

Future Directions and Research

Most research on psychological interventions in
the perioperative period has been done preopera-
tively. Research suggests postoperative interven-
tions may be more beneficial; therefore, future
research should focus on examining the efficacy
of behavioral interventions in the postoperative
period or in both preop and postop periods.
Additionally, many of the studies on behavioral
interventions in the perioperative period have
relatively small sample sizes, making it difficult
to determine how effective the intervention may
be in mitigating PPSP. However, research sup-
porting behavioral interventions for analgesia
benefits is promising. Future research should also
focus on how to best identify high-risk patients
and explore ways to provide a low-burden and
low-risk behavioral intervention in the periopera-
tive period, which is often busy for patients and
clinicians.
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Key Takeaways

* Being able to identify and intervene for
patients with high-risk factors can positively
impact outcomes.

» Psychological interventions in the periopera-
tive period can help with surgical
optimization.

» Certain psychosocial factors can contribute to
poor surgical outcomes.

e The timing of a psychological intervention, as
well as selecting appropriate patients, is
important. Research suggests that postopera-
tive interventions may be more effective.

* CBT, ACT, mindfulness-based therapies, and
empowered relief are some of the most clini-
cally supported psychological interventions to
optimize surgical success at this time.
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Strategy for Managing Chronic

Pain

Jessica Anyaso, Brittany Melvin,

and Daila H. ElImofty

Introduction

Chronic pain is a national public health crisis
impacting millions of Americans and is associ-
ated with physical, emotional, and societal costs.
An estimated 100 million US adults suffer from
chronic pain with annual costs estimated at over
$500 billion [1]. Chronic pain continues to be
challenging to treat with poor patient outcomes
resulting from the fragmented nature of care
along with the disjointed treatment from multiple
providers [2]. The use of a multi/interdisciplinary
approach to manage chronic pain can overcome
some of these challenges. This type of healthcare
model incorporates and emphasizes the use of the
biopsychosocial framework and the importance
of diverse clinical skill sets from physician and
nonphysician disciplines involved in addressing
chronic pain.
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Background and Current
Understanding

The concept of a multi/interdisciplinary pain
management was first established in 1960 by
John J. Bianca, M.D. at the University of
Washington. The multidisciplinary pain clinic
was described as a diagnostic clinic that brought
multiple medical subspecialties together to focus
on the treatment of chronic pain patients [3]. In
1982, a multidisciplinary inpatient evaluation
program for patients who suffer from chronic,
intractable pain was introduced but was later ter-
minated in 1997 due to financial factors of the
health care system in the United States [4]. The
correlation between a patient’s psychosocial
comorbidities and the negative impact it had on
outcomes from invasive procedures was acknowl-
edged. This resulted in the introduction of educa-
tional courses on treatment of chronic pain and
the physical component with various cognitive
and behavioral therapy components [3].

The fundamental principles of multi/interdis-
ciplinary pain management are based on a bio-
psychosocial model of care in the treatment
algorithm. It is an individual-centered model that
suggests pain is a complex experience influenced
by biological, psychological, and social environ-
ments (Fig. 23.1) [5]. Multi/interdisciplinary pro-
grams are primarily based on the concept that
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Biological:
Disease
severety

Social: Cultural,
Econonic, Social
Factors

Fig. 23.1 Biopsychosocial model of pain: biological,
psychological, and the social environment

The biopsychosocial model of pain is a framework that
explains pain is a complex interaction between biological,

there is “no purely nociceptive pain” and that the
lack of nociceptive pain should not exclude
patients from treatment standards [6]. Nociceptive
pain is often correlated with an acute injury; in
chronic pain, you do not have to have an acute
injury to be eligible for standard of care treatment
for pain [7]. Many of the chronic pain patients
suffer from nonnociceptive pain along with psy-
chological comorbidities that lead to significant
dysfunction that can be successfully managed in
a multidisciplinary setting [6]. Multi/interdisci-
plinary programs focus on obtaining expertise
from disciplines such as pain management, medi-
cine, surgery, nursing, physical and occupational
therapy, chiropractor, pharmacology, and psy-
chology to provide holistic and comprehensive
patient care. Implementing this model is not easy
as it requires stellar communication and collabo-
ration among various members of the team. It can

Psychological:
Mood/affect

Catastrophizing
Stress

psychological, and social factors that influence pain
perception

be highly effective if executed properly and can
ultimately decrease healthcare costs and contrib-
ute to optimal patient outcomes.

Clinical Applications
and Techniques

Introducing a multi/interdisciplinary pain man-
agement program requires education and plan-
ning for proper implementation. Interdisciplinary
education plays a key role in understanding how
to navigate a multi/interdisciplinary framework
for the treatment of chronic pain. This is described
as interprofessional education (IPE) or interpro-
fessional learning (IPL) and consists of “educa-
tors and learners from two or more health
professions and their foundational disciplines
who jointly create and foster a collaborative
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learning environment, aiming to develop knowl-
edge, skills and attitudes that result in interpro-
fessional team behaviors and competence in
order to improve the quality of patient care” [8].
This ultimately leads to interdisciplinary health-
care workers providing patients with a broad
variety of services and treatment options person-
alized to their specific needs. Collaborative and
communication skills with other members of the
healthcare team are aspects that can be nurtured
in the classroom setting. Having different sub-
specialties in one classroom setting to learn how
to treat pain in an interdisciplinary manner can
have significant impacts on patient outcomes.
The World Health Organization (WHO) empha-
sized the importance of interprofessional educa-
tion to enhance the skills of healthcare
professionals [9]. There has been an increased
interest in IPE/IPL, but slight progress has been
made in implementation. This form of learning
continues to lack in the undergraduate and gradu-
ate level [9].

A single medical profession will not have the
required medical knowledge or support to address
the complex health needs of a chronic pain
patient. A multidisciplinary model of practicing
doctors, nurses, and nonphysician caregivers can
better serve this patient population. To integrate a
multi/interdisciplinary approach, the key players
that make up the team need to be identified with
a clear understanding of roles and responsibili-
ties. The team typically consists of a primary care
physician, psychologist, physical therapist, occu-
pational therapist, pain specialist, surgeon, clini-
cal pharmacologist, and nursing staff. The role of
the primary care physician is to coordinate
patients care with other subspecialties and to
evaluate and track treatment outcomes. The psy-
chologist provides behavioral health approaches
to address psychological factors impacting a
patient’s pain and supports effective communica-
tion with the medical staff. The physical and
occupational therapists help to improve the func-
tional status of the patient. The pain specialist
provides multimodal therapy and interventional
treatment options. The surgeon addresses ana-
tomical defects contributing to the pain that can
be repaired. The pharmacologist helps to assess

any drug-drug interactions and synergistic value
of drug combinations. The nurse monitors the
implementation of treatment options and serves
as a steward for the patient. The team members
should collaborate on a regular basis and suggest
various diagnostic and treatment modalities to
best assist the patient. This type of integration of
expertise from various disciplines can lead to
improved patient outcomes.

Evidence-Based Practices

Multiple systematic reviews and meta-analyses
of multi/interdisciplinary chronic pain manage-
ment programs have shown that these programs
provide positive outcomes for chronic pain
patients that include relief of their suffering and
return to functional lifestyles [10—-13]. Murphy
et al. analyzed the benefits of an interdisciplinary
pain rehabilitation program that was introduced
within the Veteran Affairs (VA) pain program.
The study reported average reductions of 31% in
pain catastrophizing, 22% in pain-related
domains of functioning such as mobility, and a
16% decrease in sleep difficulties [14]. A 10-week
outpatient interdisciplinary chronic pain rehabili-
tation program showed significant improvements
in pain severity, pain-related life interference,
psychological issues, pain catastrophizing, and
opioid dose reduction [15]. The improvement in
pain catastrophizing is significant because
patients with this condition are more vulnerable
to chronic pain disability and less likely to
respond favorably to conventional treatments
[14, 15].

A systematic review of 12 studies that incor-
porated “interdisciplinary teamwork and team-
ing” to manage chronic pain found modest
evidence for the benefits of interdisciplinary
team-based pain care [16]. The authors found
that over 50% of interventions had improvement
in over half of the measurement tools. This sys-
tematic review focused on the specific team
structures and processes that are required when
bringing multiple disciplines together to manage
chronic pain. The review highlights the benefits
of having a dedicated manager to direct and
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coordinate patient care. The care managers coor-
dinate the care of chronic pain patients and fos-
ters a patient-centered approach through added
patient support. The care managers responsibili-
ties included baseline patient assessment, patient
follow-up, and team case review. Other clinician
roles included in the interventions that demon-
strated beneficial clinical effect on pain out-
comes included the patient’s primary care
physician, psychologist or mental health practi-
tioner, physical therapist, a chiropractor, and
pain physician [16].

Another study by Ghafouri et al. assessed
real-world effects of interdisciplinary pain reha-
bilitation programs on neuropathic compared to
nonneuropathic chronic pain and found equal or
in some cases slightly superior outcomes for neu-
ropathic pain conditions compared to nonneuro-
pathic pain conditions [17].

Multi/interdisciplinary programs are superior
to the historic multimodal approach to pain man-
agement by a single provider. These programs
have been shown to be cost-effective [6].
Harmonizing of disciplines is superior to multi-
modal approach where disciplines stay within
their boundaries and do not benefit from the team
approach [10]. Interdisciplinary chronic pain
clinics have been shown to significantly reduce
emergency and primary care visits as well as
decrease opioid usage [18, 19].

Challenges and Considerations

Despite the early invention of this approach to
pain management, there continues to be lag in its
implementation. There is a significant body of
literature that supports the clinical and cost-
effectiveness of multi—/interdisciplinary chronic
pain programs, yet the number of programs in the
United States has significantly decreased [7]. The
insurance industry has had a negative impact on
the expansion of multi/interdisciplinary pain
management programs as it deemed these treat-
ment options as expensive with a bias against
funding care that was not provided by a medical
doctor [7].

Managing chronic pain through a multi/inter-
disciplinary approach is a complex process that
faces several challenges. Coordinating care
among various professionals requires effective
communication and collaboration [16]. The suc-
cess of the treatment plan depends on the patient’s
willingness and ability to participate in different
interventions. This can further be hindered by
physical or psychological ailments along with the
availability and accessibility of equipment and
staff, especially in regions with limited health-
care resources. Costs and funding are a limiting
factor to implementing multi/interdisciplinary
pain programs. Many insurance companies refuse
to cover the cost of interdisciplinary programs
despite their proven cost-effectiveness, reduction
in hospital readmission, and overall improvement
in quality of life [20]. Insurance companies fail to
realize that in the long run, these pain manage-
ment programs are more efficient and associated
with long-term cost savings compared to out-
dated treatment protocols [21]. The multi/inter-
disciplinary approach demands significant
changes in the training of medical specialists and
joint decision-making, which poses educational
challenges and calls for the development of inter-
disciplinary training courses [9]. Successful
implementation for IPE/IPL requires leadership
to be informed and provide the required resources.
Clinical faculty development and preparing cur-
rent clinical practitioners is key to effective stu-
dent learning and improved patient outcomes
[22]. There is a need for further research and
policy development to improve the effectiveness
and accessibility of multi/interdisciplinary care
for chronic pain management.

Case Studies or Clinical Scenarios

A 73-year-old male with history of hypertension,
pulmonary embolism on Xarelto, prostate and
rectal cancer receiving chemotherapy with metas-
tasis to the liver and spine presents with metasta-
sis at the 5th lumbar vertebral body. A recent
magnetic resonance imaging (MRI) of the lum-
bar spine showed progressive enlargement of the
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previously noted 5th lumbar vertebral body
lesion with associated vertebral body height loss
and associated soft tissue thickening and enhance-
ment of the left prevertebral soft tissue. He
reports low back pain that radiates down the lat-
eral aspect of his bilateral lower extremities.
After discussion of the patient’s case at an inter-
disciplinary spine tumor boards that included
subspecialist from neurology, oncology, neuro-
surgery, radiology, radiation and cellular oncol-
ogy, and interventional pain, it was decided that
patient would benefit from a L5 kyphoplasty with
radiofrequency ablation (RFA) by the interven-
tional pain specialist to stabilize the bone upfront
and avoid interruption with his chemotherapy
then to be followed by potential stereotactic body
radiation therapy (SBRT).

Tertiary care centers have successfully dem-
onstrated the implementation of multi/interdisci-
plinary programs yielding superior outcomes for
patients who suffer from chronic noncancer and
cancer pain. This involves initiatives such as can-
cer rounds, spine tumor boards, and the vertebral
body compression fracture pathway.

Cancer rounds bring together a team of experts
that include healthcare professionals from hema-
tology/oncology, surgical oncology, radiational
oncology, palliative/hospice care, psychiatry,
physical therapy, social worker, and pain man-
agement. This collective unit deliberates and
strategizes the management of intricate cancer
cases with integrated treatment recommendations
from all specialties involved. In parallel, the
spine tumor board comprises a care coordinator
and diverse specialists from neurology, neurosur-
gery, orthopedic spine, radiology, and pain man-
agement. This board comprehensively discusses
complex spine tumors and develops effective
treatment plans. The vertebral body compression
fracture pathway is another initiative that utilizes
an inpatient multi/interdisciplinary approach to
vertebral fractures. In this pathways, hospitalized
patients that are diagnosed with a symptomatic
vertebral body compression fracture via X-ray
findings by radiology department are immedi-
ately fitted with a brace by the physical therapy
specialist. Results from magnetic resonance
imaging (MRI) or computed tomography scan

(CT scan) and presence of a neurologic deficit
trigger either an emergency orthopedic spine or
neurosurgical consult or interventional radiology
or pain management consult. Open surgical or
minimally invasive procedures such as kypho-
plasty or epidural steroid injections can be
offered. Post hospitalization, patients have a care
coordinator that ensures follow-up appointments
in an outpatient clinic. These narratives empha-
size the profound potential and effectiveness of
interdisciplinary care in managing complex cases
of chronic noncancer and cancer pain and high-
light the importance of adopting a holistic
approach to pain management.

Future Directions and Research

Multi/interdisciplinary pain management pro-
grams will play a crucial role in providing com-
prehensive diagnoses and treatment to reduce
reliance on drugs, medical therapies, and care-
giver dependence [6]. Use of this approach can
decrease healthcare costs and disability [6].
Implementing these programs requires collabora-
tion and resource allocation. Revision of profes-
sional training approaches and creating more
interdisciplinary courses will improve the effec-
tiveness of collaboration [9]. Given the variety of
compelling formats, centers have room for cre-
ativity and flexibility in their development [14].

Revised reimbursement policies are vital to
broadening access to these programs that provide
long-lasting benefits to those suffering from
chronic pain [14, 20]. Creating the role of care
manager was associated with significantly posi-
tive outcomes and played a significant role in
coordination of care [16]. Overcoming socioeco-
nomic and cultural barriers is essential to ensure
patient access to effective multi/interdisciplinary
care [6, 19].

Pragmatic clinical trials (PCTs) aim to gener-
ate high-quality data within a clinical setting to
inform practice guidelines and should be consid-
ered when conducting future research on multi/
interdisciplinary pain management programs
[23]. The limitations of the gold-standard ran-
domized controlled trial in generating findings
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that directly impact patients with chronic pain
have led to an increased interest in PCTs. There is
a lack of clarity within the literature about what
type of rehabilitation therapies are indicated for
different pain syndromes and emphasizing the
need for further exploration [6]. Pain specialists
should lead the path in advancing the use of
multi/interdisciplinary pain programs in patient
who suffer from chronic pain.

Key Takeaways

1. Chronic pain incorporates physical, psycho-
logical, and social aspects unique to each indi-
vidual, thus making it challenging to manage
in a “one size fits all model.” Patient outcomes
can be improved with a multi/interdisciplin-
ary approach.

2. Developing and nurturing collaboration and
communication skills within the healthcare
team (i.e., primary care physician, nurses,
psychologist, physical therapist, occupational
therapist, pain specialist, surgeon, and clinical
pharmacologist) is crucial for effective multi/
interdisciplinary pain management and should
be fostered in the professional students’ class-
room setting.

3. Multi/interdisciplinary pain programs have
demonstrated efficacy in managing chronic
pain, reducing healthcare costs, lowering opi-
oid usage, and enhancing quality of life for
patients.

4. Critical challenges within the multi/interdisci-
plinary approach include patient participa-
tion, intervention accessibility, funding and
insurance constraints, and the necessity for
changes in medical education. The unique-
ness of effective programs offers innumerable
diverse solutions to these challenges.

5. Future research endeavors can optimize
patient outcomes by investing in pragmatic
clinical trials, overcoming socioeconomic and
cultural barriers, and involving pain special-
ists early.
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Introduction

The management of pain in the elderly and pedi-
atric populations can be challenging. These pop-
ulations differ from the general adult population
in terms of physiology, pharmacodynamics,
pharmacokinetics, perception of pain, and com-
municability of pain [1-3]. Research has typi-
cally focused on otherwise healthy adults with
pain conditions, but age disparities in the inci-
dence, assessment, treatment, and outcomes of
pain are common [1]. For example, despite an
increased incidence of chronic pain and high-
impact pain with advancing age [4], adults older
than 65 are less likely to receive opioids than
younger adults [5]. A similar phenomenon occurs
in the pediatric population. Despite evidence that
neonates and infants do experience pain, due to
misconceptions, concerns about safety, and prac-
tice variability, they were seldom given analge-
sics for surgery well into the twentieth century [1,
6]. In addition, nowadays children with pain from
multiple surgical reasons still receive less analge-
sia on a per weight basis than adults with similar
conditions [7-9].

This shows that the elderly and pediatric pop-
ulations have unique needs and characteristics
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that should be considered to ensure effective pain
relief while minimizing risks. In this chapter, we
aim to provide an overview of appropriate con-
siderations regarding elderly and pediatric peri-
operative pain  assessment, dosing and
administration guidelines for pharmacologic
therapy, and other treatment modalities such as
regional anesthesia or nonpharmacological
adjuncts.

Pain Management in the Elderly

Life expectancy has been increasing for the past
decades which, coupled with a global decrease in
human fertility rate, made people aged 65 years
and older outnumber children under 5 years glob-
ally for the first time in human history in 2018
[10]. The risk for chronic pain development
increases with age with the prevalence of chronic
pain in individuals over 85 years being as high as
79% [11-13]. The incidence of persistent post-
surgical pain appears to decrease with aging [14],
but elderly patients undergo surgery four times
more often than younger age groups which makes
the prevalence of persistent postoperative pain
higher in older patients [3, 15]. Geriatric pain
compromises quality of life and happiness, being
associated with reduced activity, falls, mood dis-
orders, sleep disturbances, isolation, and substan-
tial disability [11]. In addition, chronic pain in
the elderly is associated with frailty, a significant
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predictor of poor surgical and medical outcomes
in this population [13, 16]. It is unclear why per-
sistent pain after surgery and chronic pain are
common in the elderly, but it is hypothesized that
it may be associated to an increase in prevalence
of chronic health conditions that can cause pain,
such as musculoskeletal disorders, diabetes, neu-
ropathy, and cancer [3, 17]. While there are prac-
tice guidelines for pharmacologic management
of persistent pain in older persons [18], specific
guidelines regarding perioperative pain assess-
ment and management in the elderly have not
been developed, and only general advice regard-
ing pharmacological treatment and clinical
assessment have been proposed.

Aging influences pain sensitivity and process-
ing, with evidence supporting a general increase
in pain threshold and reduced pain tolerance in
the elderly [19, 20]. The reduced sensitivity to
pain with advancing age, particularly for thermal
pain, was classically attributed to loss in the
quantity and function of peripheral A9 fibers and
CNS pathways involved in the detection, trans-
mission, and processing of noxious stimuli [20,
21]. However, these findings have not been con-
firmed by more recent evidence [22]. Reduced
pain tolerance in the elderly appears to be associ-
ated with decreased endogenous pain-modulating
capacities due to impairment in the opioid and
nonopioid endogenous pain inhibitory pathways
[23, 24] and enhancement in temporal summa-
tion of noxious stimuli in the CNS [25].

The elderly population often faces unique
challenges when it comes to pain assessment.
Elderly patients tend to be reluctant to report
pain-related symptoms due to cultural reasons
such as the belief that pain is a necessary part of
older life, fear of being negatively judged for
having pain, or that pain foreshadows death or
serious illness [26, 27]. In addition, evaluation of
perioperative pain in the elderly can be compli-
cated by diminished ability to communicate due
to cognitive impairment, anxiety, depression,
hearing impairment, and social or family isola-
tion associated with aging [2]. For example, post-
operative delirium has a higher incidence (up to
32%) in the elderly [28]. Elderly patients with
dementia and other communication barriers are

more likely to have their pain undertreated, which
can result in adverse outcomes such as poor
sleep, impaired cognition, increased disability,
depression, and reduced quality of life [21, 29].
Older adults with cognitive impairment, such as
dementia, may also have difficulty understanding
treatment options.

Therefore, healthcare providers should be
aware of these challenges and take steps to ensure
that pain is adequately assessed in this popula-
tion. A directed pain history focusing on previous
pain conditions, substance use disorder, pain
strategies that have worked in the past, and pref-
erences for pain control should be done during
the preoperative period [30]. It is imperative for
the clinician to ask elderly patients directly about
the presence and quantity of preoperative pain
[21, 31]. There is strong evidence that preopera-
tive pain assessment and education can decrease
postoperative pain and anxiety [32, 33].
Preoperative education consists of explaining the
anticipated degree of postoperative pain and the
assessment tools that will be used in the periop-
erative period whenever possible [30].
Cognitively intact elderly patients can reliably
report their pain intensity with visual analogue or
numeric rating scales [30]. In mild to moderately
demented elderly patients, the verbal descriptor
scale or the faces pain scale can be used to mea-
sure pain [21, 34]. Patients with significant
advanced dementia or with significant postopera-
tive delirium may require particular attention to
nonverbal pain behaviors, such as changes in
gait, changes in function, withdrawal, and agita-
tion [34, 35]. Caregivers may also be able to pro-
vide additional information that is relevant to the
pain assessment in this population [36]. As in any
other population, laboratory testing, diagnostic
imaging, and other diagnostic tests for pain con-
ditions preoperatively must only be obtained
based on history and clinical examination find-
ings in the elderly. Additionally, the clinician
should keep in mind that elderly patients have an
increased risk of incidental findings in diagnostic
tests [37].

Multimodal nonpharmacological treatments
for perioperative pain management, such as
physical therapy, self-management programs,
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rehabilitation, exercise programs, and cognitive-
behavioral therapy, should be tried and encour-
aged in older adults due to the potential for fewer
side effects and interactions with other medica-
tions. Evidence-based options that are available
for the acute postoperative period include distrac-
tion strategies, guided imagery, and mindful
breathing [38]. However, for these modalities to
be maximally effective, the provider should
ensure that the older adult has the physical and
mental abilities to learn and utilize the chosen
nonpharmacologic pain management strategy
preoperatively [30, 38]. In addition, while there
are a few studies evaluating nonpharmacological
perioperative pain management therapies in the
elderly, several factors limit the generalizability
of their findings [30, 39]. Data regarding efficacy,
safety, treatment adherence, and longitudinal
designs are needed to determine optimal strate-
gies for the delivery of nonpharmacological
approaches. Research on cost of nonpharmaco-
logic methods for the management of pain is also
needed to inform policy decisions and standards
of care [38, 39].

Pharmacological perioperative pain manage-
ment of older adults can be challenging for vari-
ous reasons: a) specific physiologic changes
interfere with pharmacodynamic and pharmaco-
kinetic properties of pain medications; b) poly-
pharmacy is common, making pharmacologic
interactions frequent; ¢) chronic comorbidities
can contribute to worse perioperative pain and
affect the efficacy and safety of analgesics [2, 11,
21]. Due to these factors, dosing and timing of
administration adjustments for some analgesics
in the perioperative period are recommended
(Table 24.1) [30, 36, 40, 41].

Reduced muscle mass and total body water
content with consequent decrease in intravascu-
lar volume and greater fat-to-lean body mass
ratio change drug distribution in the elderly [36,
42-44]. This can result in an increased volume of
distribution of fat-soluble drugs and in an
increased plasma level of hydrophilic drugs
[43-45]. Furthermore, a state of reduced renal
function without underlying kidney disease is
present in older adults due to the 6-10% per
decade physiological decrease in renal clearance

(glomerular filtration, tubular reabsorption, and
secretion) beginning at age 30 years [45]. This
requires adjustments in the dosage of pain medi-
cations that are renally metabolized, excreted, or
may affect kidney function, particularly at initia-
tion of treatment [15, 18, 46]. One example is the
recommendation to use nonsteroidal antiinflam-
matory drugs with caution and limit their use to
the lowest effective dose and shortest duration by
the American Geriatrics Society, American
College of Rheumatology, and the European
League Against Rheumatism because of the high
risk of adverse effects on the gastrointestinal, car-
diovascular, and renal systems [18, 35, 36, 47].
Hepatic clearance is also reduced in the elderly
due to a 40% decrease in hepatic blood flow, a
30% decrease in liver mass, and a selective
impairment of phase I drug metabolism with no
significant reduction in phase II metabolism [48].
These changes cause impaired hepatic drug clear-
ance with flow-limited drugs being reduced to a
greater extent than capacity-limited drugs in
older people [49]. Hence, evidence indicates that
initial doses of most drugs with high hepatic
extraction ratios and particularly those that
undergo phase I metabolism should be reduced
by approximately 40-50% in older people to
achieve similar pharmacokinetic profiles to
young people [49, 50]. First-pass metabolism
rate also declines with aging. Therefore, in older
people, drugs undergoing extensive first-pass
metabolism have increased bioavailability [44,
49]. On the contrary, prodrugs may have slower
first-pass activation in the aged liver [44]. It is
important to notice that pharmacokinetic altera-
tions can be potentiated by the presence of frailty
which was shown to be independently associated
with reduced clearance of hydrophilic drugs [51].
In addition, elderly patients also present phar-
macodynamic changes related to the number and
affinity of target receptors and signal transduc-
tion that vary between drug classes and make
their effects much more difficult to predict [44].
For example, interindividual variability in opioid
sensitivity has been reported in several studies
with reports of increased, decreased, or
unchanged sensitivity in older patients compared
to younger adults [52—54]. Prescribers must also
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Table 24.1 Recommended changes to perioperative analgesic medication dosing and potential side effects in older

adults

Medication

a2-agonists

Acetaminophen

Dexamethasone

Gabapentinoids

Ketamine

Systemic
Lidocaine

Magnesium
(MgS0,)

NSAIDs

Recommended changes

Cardiac side effects are more
pronounced in the elderly. Intraoperative/
postoperative dose: dexmedetomidine
loading dose <0.7 pg/kg IV followed by
0.2-0.4 pg/kg/h infusion. Clonidine is
not recommended. Although there is data
suggesting that PO tizanidine can
decrease postoperative pain, data in the
elderly population is rare

No age-related dose reduction in absence
of liver disease. Preoperative dose: 1G
IV or PO; Postoperative dose:

500-1000 mg PO or IV q6h (max dose
3G/day)

Intraoperative dose: 0.11-0.2 mg/kg IV
bolus

Dose reduction or even avoidance (Beers
criteria) may be advised. Preoperative
dose: gabapentin 600 mg PO, pregabalin
150 mg PO; Postoperative dose:
gabapentin 600 mg PO q12h (max dose
2400mg/day), pregabalin 150 mg PO
q12h (max dose 300mg/day)

Unclear if ketamine affects postoperative
pain after major surgery in older adults.
Unknown if older patients are more
sensitive to psychogenic side effects of
ketamine, so no dose reductions
recommended. Intraoperative dose:
0.25-1 mg/kg IV bolus or 2-5 pg/kg/min
IV infusion

Lidocaine clearance may be decreased
by as much as 30-40% in the elderly due
to decrease in hepatic blood flow.
Intraoperative dose: 1-2 mg/kg/h IV
infusion. Optimal dose range or duration
of infusion in elderly patients has not
been established

Intraoperative dose: 30-50 mg/kg IV
bolus over 15-30 min followed or not by
8-15 mg/kg/h IV infusion (max dose
30—40g/day)

Dose reductions (25-50%) are
recommended. Preoperative dose:
celecoxib 200 mg PO; Postoperative
dose: celecoxib 200 mg BID (max dose
400mg/day), ketorolac 15 mg IV q6h
(max dose 60mg/day)

Side effects
hypertension, bradycardia,
hypotension, dry mouth

Hepatotoxicity

Hyperglycemia, perineal
pruritus when given
preoperatively

Respiratory depression,
sedation, dizziness. Recent
evidence suggests
perioperative use
associated with increased
risk of delirium, new
antipsychotic use, and
pneumonia
Hallucinations, nightmares

Hypotension, flushing,
burning or heat sensation

GI bleeding, PUD, renal
dysfunction

Special considerations
Caution in patients with
LVEF<30% or another
cardiac comorbidity

Reduce maximum dose
(2000 mg/day) if
malnourished (<50kg) or
hepatic insufficiency

Increased rates of
respiratory depression
when combined with
opioids

May offer protection
against postoperative
cognitive dysfunction

May decrease risk of
PONYV and shivering

Nonselective COX
inhibitors potentially
inappropriate. Avoid
selective COX-2
inhibitors in
cardiovascular disease.
CrCl<50 mL/min is a
contraindication

(continued)
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Table 24.1 (continued)

Medication Recommended changes

Initial dose reductions (25%—-50%) are
recommended. Titrate in small doses
until adequate analgesia is achieved.
Consider PCA when prolonged
postoperative IV route is required.
Meperidine should be avoided,
especially in patients with low renal
function

Opioids

Side effects

Respiratory depression,
sedation, tolerance,
addiction risks, cognitive
dysfunction, delirium,
hallucinations

Special considerations
Use equianalgesic table
when converting. There is
significant interindividual
variation in opioid
requirements in older
patients

AKI acute kidney injury, GI gastrointestinal, /V intravenous, NSAIDs nonsteroidal anti-inflammatory drugs, PCA
patient-controlled analgesia, PUD peptic ulcer disease, PONV postoperative nausea and vomiting

account for the narrower therapeutic index of
most medications in older adults compared with
younger individuals [55].

Polypharmacy can also interfere with periop-
erative pharmacologic pain management in the
elderly. Therefore, a careful review of a patient’s
medication list should be done in the preopera-
tive period due to an increased potential of drug
interactions when utilizing or prescribing pain
medications for older adults [30]. Focus should
be given to chronic opioid use, presence of opioid
use disorder, or other substances or drugs that can
affect pain management such as central nervous
system depressants (e.g., benzodiazepines, alco-
hol), opioid antagonists, and psychiatric medica-
tions [39]. Polypharmacy also increases the risk
and the persistence of delirium [56].

Regional or neuraxial anesthesia can be used
in older adults and should be considered if appro-
priate for the operation [57-59]. Meta-analyses
and systematic reviews indicate that regional and
neuraxial techniques are associated with
decreased pain scores, decreased need for analge-
sic medication, decreased surgical complications,
and improved recovery of functional parameters
postoperatively in some surgical procedures
[60—64]. However, these effects are not universal,
being highly dependent on the surgical procedure
and technique used with the same level of evi-
dence indicating no difference between regional
or neuraxial anesthesia versus general anesthesia
when other types of surgery are considered [65,
66]. In addition, theoretically regional and neur-
axial anesthesia could help reduce postoperative
complications common in the elderly population
such as urinary retention, cognitive dysfunction,

sedation, and delirium. Nonetheless, evidence
examining the impact of regional and neuraxial
techniques in the elderly when compared to
younger patients is limited [67].

Neuraxial techniques are more difficult to per-
form in the elderly due to anatomical changes
associated with aging. These changes include a
decrease in intervertebral and epidural spaces,
calcification of ligamentum flavum, and a more
frequent presence of degenerative disk disease
and vertebral changes such as compression frac-
tures [37, 68]. Of clinical importance is the
increased cephalad spread of epidural solution
with increasing age, which may result in adverse
events and increase the risk of complications
[69]. Therefore, a reduced epidural infusion dose
may be required in older patients. Evidence sug-
gests that peripheral nerves become more suscep-
tible to local anesthetics with increasing age [70].
Because of this, regional anesthesia in the elderly
has an increased risk for nerve damage, a faster
onset, and prolonged duration when compared to
younger patients [70-73]. Because elderly
patients may be anticoagulated for various condi-
tions, standard guidelines regarding anticoagula-
tion and regional and neuraxial analgesia should
be followed [74, 75].

Pain Management in Pediatrics

Pain management in pediatric populations
presents its own unique challenges such as reli-
able pain assessment, communication barriers,
and differences in dosing and administration.
The perception that young children do not
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remember or respond to pain to the same
degree as adults is extremely untrue. Although
the pediatric population may have different
pain thresholds and responses to pain com-
pared to adults, pain transmission and percep-
tion are functioning as early as 24 weeks of
gestation [76]. In addition, the misunderstand-
ing of safe dosing guidelines for pain medica-
tions in pediatrics commonly results in
underdosing and poor pain control [7-9].

One important consideration in pain manage-
ment for pediatric patients is the use of pain
assessment tools that are appropriate in terms of
age and communication ability. These tools can
help healthcare providers assess pain in children
who may not be able to communicate their pain
verbally. There are multiple validated assessment
tools: (1) the Faces Pain Scale-Revised for chil-
dren aged 4 and older; (2) the Face, Legs, Activity,
Cry, and Consolability (FLACC) scale for infants
and young children; (3) the Cry, Requires O,,
Increased vital signs, Expression, Sleeplessness
(CRIES) Neonatal Pain Assessment Scale; (4)
and the Non-Communicating Children’s Pain
Checklist (NCCPC) which is helpful for pediatric
patients with developmental communication dis-
orders (Table 24.2). In addition, healthcare pro-
viders must rely on other cues such as vital signs
and valuable information from caregivers and

Table 24.2 Pediatric pain assessment tools

Assessment tool
and type

Numeric pain
scale, self report
Visual analog
scale, self report
Wong Baker Faces
scale, self report

Target patient
population
8 years or older

8 years or older

3 years and older
experience

CRIES scale Neonates

FLACC scale 2 years or older, non
verbal, cognitively
impaired

Cognitively impaired,
non verbal

NCCPC scale

Evaluated criteria
0-10 pain scale

Straight line with boundaries
delineated as the limits
6 faces to demonstrate pain

Crying, oxygen requirements,
vital signs, expression, sleepless
Face, legs, activity, cry,
consolability

Vocal, social, facial, activity,
body and limbs, physiological,

nursing providers to assess this
population.

Another consideration in pain management
for pediatric patients is the use of age-appropri-
ate pain medications and dose adjustments
(Table 24.3). Children may require different
doses or formulations of pain medications than
adults, and healthcare providers should care-
fully consider the appropriate dose and route of
administration for each child. For example, glo-
merular filtration rate is highly reduced in neo-
nates and newborns, not reaching adult levels
until about 8-12 months of age [77]. Hence,
acetaminophen has a lower renal clearance rate
in neonates, as compared to children and adults
[78]. Therefore, it is recommended that a
reduced dose of acetaminophen should be used
for intravenous administration when compared
to oral or rectal [78].

Neonates and infants have a very large volume
of distribution due to increased total body water
and extracellular fluid, leading to extended bio-
availability of water-soluble opioids such as mor-
phine [76, 79, 80]. The blood brain barrier is also
more permeable in neonates, leading to less fat-
soluble opioids such as morphine and hydromor-
phone to cause increased respiratory depression
[80]. Furthermore, most opioids undergo bio-
transformation in the liver prior to being excreted

pain in

Rating system

0—10 (mild 0-3, moderate 4-6,
severe 7—10)

Patient points to location on line
which best represents their pain
“No Hurt” to “Hurts Worst,”
patient chooses which face
represents their pain experience
0-2 points per parameter for a
0-10 total scale

0-2 points per parameter for a
0-10 total scale

0-3 points per parameter in each
category, varying total scale

eating/sleeping

CRIES Cry, Requires O2, Increased vital signs, Expression, Sleeplessness, FLACC = Face, Legs, Activity, Cry, and
Consolability, NCCPC Non-communicating Children’s Pain Checklist
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Table 24.3 Pediatric dosing guidelines for perioperative analgesic medications

Medication Dosing recommendations

Morphine 0.05-0.1 mg/kg

Fentanyl 0.5-1 mcg/kg bolus, re-dose as
needed

Acetaminophen 15 mg/kg every 6-8 h

Ibuprofen 10 mg/kg every 6-8 h

Ketorolac 0.5 mg/kg up to 30mg IV

Ketamine 0.25-0.5 mcg/kg bolus, IV infusion
range 2—4 mcg/kg/min

Dexmedetomidine 0.25-0.5 mcg/kg bolus, IV infusion

range 0.5-1.5 mcg/kg/hr

Gabapentin 5-20 mg/kg/day in divided doses 3
times daily
Diazepam 0.05 mg/kg IV q8h as needed

by the kidneys, and utilize the Cytochrome P450
system which is immature at birth and does not
achieve equal levels compared to adults until
1-2 months of life [76, 81]. For this reason, there
can be prolonged metabolism of some opioids
and dosing guidelines should be utilized care-
fully with appropriate monitoring of the patient
whether it be due to young age or pathologic liver
and kidney dysfunction. Pharmacokinetic and
pharmacodynamic data on fentanyl, sufentanil,
and alfentanil show that these drugs are cleared
much more rapidly in infants and older children
compared to neonates [82—84]. Therefore, the
dosage of most synthetic opioids should be
reduced in neonates during the first 2—4 weeks of
life, and for premature neonates, until they reach
at least 44 weeks postconceptual age [80].
However, remifentanil has a similar effective
half-life in neonates as it does in older children
and adults, so no dosage adjustment is needed for
this drug. There is limited data on the use of
methadone for perioperative pain control in
infants and children. Methadone has been better
studied in healthy adolescents undergoing major
surgery suggesting that dosing should be similar
to adults [80]. When choosing the best opioid
medication and dose for pediatric patients, it is
also important to consider other possible side
effects such as pruritus, emesis, and ileus, and
treat them appropriately if encountered.
Analgesic medications other than opioids can
be safely used independently or in combination

Special considerations
Reduction in dose for neonates and infants
Reduction in dose for neonates and infants

Reduction in dose for <1 year old

Reduction in dose for 6 months—1 year old

Children >1 years old

Not recommended in <1 year old, contraindicated in <3
months old

Reduced dose in neonates and infants due to bradycardia

Children >3 years old, give first dose pre op

Skeletal muscle spasm in large abdominal or orthopedic
surgeries, not recommended in neonates or infants

to provide a multimodal approach to pediatric
pain control [80]. Appropriate dosing guidelines
based on the age and weight of the patient should
be carefully considered. Some examples include
acetaminophen, ibuprofen, ketorolac, ketamine,
dexmedetomidine, gabapentin, and muscle relax-
ants such as methocarbamol, cyclobenzaprine,
baclofen, and diazepam. Therefore, the use of
perioperative opioids should be reserved for
instances where surgical and postoperative pain
cannot be managed by nonopioid analgesics.
The use of regional anesthesia in the pediatric
population also has the potential to highly reduce
perioperative pain, decrease opioid consumption,
and be used as a powerful adjunct for general
anesthesia in a variety of pediatric surgical proce-
dures. The anatomy of peripheral nerves in pedi-
atric patients has minimal differences compared
to adults, therefore the procedural technique is
very similar. However, in smaller patients, a more
precise injection of local anesthetic is necessary
due to the inability to safely use a large volume of
the anesthetic. In addition, to be safely per-
formed, regional anesthesia techniques require
cooperation from the patient. For this reason,
regional techniques such as peripheral nerve
blocks or neuraxial techniques such as epidural
or caudal injections are commonly done under
general anesthesia or sedation. Furthermore, it is
important to understand the differences in how
local anesthetics are metabolized in infants and
children when deciding on the appropriate dose
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of medication. Infants and young children have
lower protein binding and decreased internal
clearance of local anesthetics, leading to
increased free forms of amino-amide local anes-
thetics and decreased metabolism [85, 86]. This
can result in a higher likelihood of neurotoxicity
and cardiotoxicity associated with elevated con-
centrations of local anesthetics in the blood in
infants and young children compared to adults.

Nonpharmacological approaches to pain man-
agement, such as distraction techniques, relax-
ation techniques, acupuncture, heat compress, ice
packs, behavioral therapy, and physical therapy,
are often preferred for pediatric patients due to
the potential for fewer side effects and interac-
tions with other medications [8§7-90]. The goals
of these techniques are to minimize fear and
stress, making pain more tolerable. These tech-
niques are often utilized postoperatively for acute
surgical pain, and as part of physical and occupa-
tional therapy throughout recovery. Distraction
techniques are commonly used for short periop-
erative procedures such as peripheral IV place-
ment or regional anesthesia [90]. However, in
some cases, pharmacological interventions may
be necessary, and healthcare providers should
carefully consider the risks and benefits of differ-
ent pain medications for children.

Most anesthesia providers will encounter a
pediatric patient with persistent chronic pain pre-
senting for an unrelated surgery or procedure. It is
important to consider the unique management of
these patients in efforts to not worsen their existing
pain condition in the setting of new acute surgical
pain. In addition, proactive perioperative pain man-
agement has been shown to reduce the develop-
ment of common pediatric pain disorders such as
complex regional pain syndrome, diffuse musculo-
skeletal pain, abdominal pain, and headaches [81].

Conclusion

In conclusion, perioperative pain management in
the elderly and pediatric populations requires
careful consideration of their unique needs.
Healthcare providers should carefully assess pain
in these populations and consider nonpharmaco-

logical approaches to pain management when
appropriate. Additionally, healthcare providers
should carefully consider the risks and benefits of
different pain medications and interventions for
these populations and take steps to minimize the
risk of adverse drug interactions, overdose, and
side effects.

Key Takeaways

* Perioperative pain management in the elderly
and pediatric populations should involve a
multidisciplinary approach, including multi-
modal medications, selected interventions,
physical therapy, rehabilitation, and psycho-
logical treatments.

e There are unique considerations to selecting
medications in older adults, neonates, and
children, including changes in pharmacoki-
netics, pharmacodynamics, and likelihood of
side effects.

e The high prevalence of polypharmacy in
elderly patients increases the risk of drug
interactions and adverse effects, necessitating
careful review and management of all medica-
tions during perioperative pain treatment to
minimize complications and  optimize
outcomes.

e Pediatric pain is often undertreated due to a
misunderstanding of safe dosing guidelines.
Utilizing appropriate dosing recommenda-
tions for opioid and nonopioid medications
will assist providers in treating these patients
effectively.

¢ Developmentally appropriate pain assessment
tools must be used to properly evaluate pediat-
ric pain for successful pain control.
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Introduction

The opioid epidemic continues to be a significant
issue facing healthcare providers, despite an
overall decrease in opioid prescriptions since the
height of the epidemic [1]. The CDC estimates
25% of patients on long-term opioid therapy suf-
fer from opioid use disorder (OUD) [2]. The esti-
mated prevalence of OUD in 2016 was
26.8 million people, with over 100,000 deaths by
opioid overdose globally in 2017 [3]. Therefore,
physicians are very likely to encounter OUD and
other histories of opioid use in patients necessi-
tating perioperative pain management. Chronic
opioid use presents unique challenges during the
perioperative period, with increased postopera-
tive complications, delayed wound healing, pro-
longed recovery, increased healthcare utilization
(i.e., length of stay and readmission), and
increased postoperative mortality and morbidity;
the latter includes higher levels of postoperative
pain, with reduced function and satisfaction [2].
It is imperative that all pain physicians under-
stand the expectations for management of post-
operative pain with chronic opioid use.
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Background, Current
Understanding, and Clinical
Considerations

Diagnostic Criteria

See Table 25.1 for diagnostic criteria for OUD as
per The Diagnostic and Statistical Manual of
Mental Disorders, fifth edition (DSM V):

A problematic pattern of opioid use leading to
clinically significant impairment of distress, as
manifested by at least two of the following,
occurring within a 12-month period:

1. Opioids are often taken in larger
amounts or over a longer period than
was intended.

2. There is a persistent desire or unsuc-
cessful efforts to cut down or control
opioid use.

3. A great deal or time is spent in activi-
ties necessary to obtain the opioid, use
the opioid, or recover from its effects.

4. Craving, or a strong desire or urge to
use opioids.

5. Recurrent opioid use resulting in a fail-
ure to fulfill major role obligations at
work, school, or home.

6. Continued opioid use despite having
persistent or recurrent social or inter-
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personal problems caused or exacer- — A markedly diminished effect with
bated by the effects of opioids. continued use of the same amount
7. Important social, occupational, or rec- of an opioid.
reational activities are given up or 11. Withdrawal, as manifested by either of
reduced because of opioid use. the following:
8. Recurrent opioid use in situations in — The characteristic opioid with-
which it is physically hazardous. drawal syndrome (refer to Criteria
9. Continued opioid use despite knowl- A and B of the criteria set for opioid
edge of having a persistent or recurrent withdrawal).
physical or psychological problem that — Opioids (or a closely related sub-
is likely to have been caused or exacer- stance) are taken to relieve or avoid
bated by the substance. withdrawal symptoms.
10. Tolerance, as defined by either of the
following:
— A need for markedly increased *Note: This criterion is not considered to be
amounts of opioids to achieve met for those taking opioids solely under appro-
intoxication or desired effect. priate medical supervision [4].

Table 25.1 Perioperative recommendations for medicinal treatment of OUD and chronic opioid users

Medication Intraoperative recommendations Postoperative recommendations
Long-acting oral opioid Minimize intraoperative opioids [33] Consider administration of full mu agonist or
medications increased and/or divided doses of

buprenorphine [20]

Minimize duration of epidurals, PCAs, and IV
opioids if possible [33]

Close monitoring for uncontrolled pain if
multimodal analgesia proves inadequate [20]
Appropriate follow-up to ensure tapering off
postoperative opioids once acute pain resolves

[20]
Maximize relapse prevention strategies [2]
Methadone oral Continue [2] Continue [2]
Consider adjunct nonopioid and Provide last methadone dose verification letter
short-acting opioids due to [2]

inadequate coverage of intraoperative

pain with methadone alone (e.g.,

regional analgesia, PCA) [2]

Avoid partial opioid agonists (e.g.,

butorphanol, buprenorphine) [2]

Buprenorphine sublingual Continue at preoperative dose [20] Continue [20]

For mild/moderate pain:
Home dose can be split into 2-3x/day [20]
For severe pain:
Consider increasing home dose to 24-32 mg
(in divided doses) or using buprenorphine IV
0.3 mg IV every 6 h prn [20]
Provide taper plan to bring back down to
home dose [20, 34, 35]

(continued)
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Table 25.1 (continued)

Medication
Buprenorphine buccal film

Buprenorphine + naloxone
sublingual film

Buprenorphine transdermal

Intraoperative recommendations
Continue at home dose [36]
Continue at home dose [19, 20]

Continue at home dose [36]

Postoperative recommendations

Continue at home dose [36]

Continue at home dose [20]

For mild/moderate pain:

Home dose can be split into 2-3x/day [20]
For severe pain:

Consider increasing buprenorphine dose to
24-32 mg (in divided doses) or using
buprenorphine IV 0.3 mg IV every 6 h prn
[20]

Provide taper plan [20, 34, 35]

Continue at home dose [36]

Restarting patch for acute postoperative pain
is not recommended [37]

Fentanyl patches Remove
Efficacy has been demonstrated,
but best practice standard is to
remove [37]

Naltrexone For elective surgeries where severe

pain could be expected and where
multimodal strategies may be

insufficient:
Stop preoperatively:
Oral >72 h

IV >4 weeks (can transition to oral

in the meantime)
For emergency surgeries:

Consider nonopioid strategies [2]

In remission without

medication treatment adjunct therapies [2]

Consider nonopioid medications and

If stopped prior to surgery:

Multidisciplinary approach. Coordinate

with all providers for restarting; consider

any acute pain medications used and

indicated wait times prior to restarting [2]

Caution: if naltrexone is no longer

occupying receptors, opioids can elicit an

exaggerated response due to receptor

upregulation and increased sensitivity [2].

This could result in unexpected respiratory

depression
If continued through surgery:

IM: may need higher doses of opioids [2]
If needed, opioid analgesics should be
prescribed at lowest effective dose for limited
period [2]

Responsible support person involved to hold/
dispense opioid analgesic medications [2]

Multimodal analgesia should be considered whenever possible (e.g., adjunctive medications, regional anesthesia tech-

niques) [20]

Patient population is at high risk of relapse; use opioids with caution and individual discretion. Accommodate for risk
of relapse upon discharge by discussing with prior addiction practitioner, new linkage to treatment, or initiation of medi-

cation therapy

Tolerance, Hyperalgesia, and Pain
Perception

Pain perception and adequate pain management
differ in individuals with history of chronic opi-
oid use, with decreased pain tolerance, height-
ened pain sensitivity, and comorbid chronic pain
as known potential consequences [5]. Tolerance
and hyperalgesia are serious sequelae of chronic
opioid use that can contribute to inadequately
controlled pain, with resultant dose escalation.
Tolerance is defined as the requirement of higher
doses to achieve the same clinical effect, while

hyperalgesia is a paradoxical effect of increased
pain or hypersensitivity to painful stimuli with
prolonged opioid use [6, 7]. Both tolerance and
hyperalgesia can affect acute and perioperative
pain management [8]. Many psychosocial barri-
ers also stand in the way of optimal perioperative
pain management. These include patient antici-
pation of suboptimal care due to previous nega-
tive encounters with the healthcare system, likely
resulting from a mutual lack of trust between pro-
viders and patients with OUD or chronic opioid
use, as well as the stigma often directed toward
patients with substance use disorders [8].
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Studies have indicated a higher utilization of
opioids postoperatively in patients with a history
of OUD and on opioid agonist pharmacotherapy
postoperatively [9]. Preoperative use of opioids
has also been correlated with a longer duration of
postoperative use [10], as well as inability to reli-
ably taper opioids after surgery, even when the
surgery itself has likely improved the underlying
pain generator [2]. Over 20% of patients receiv-
ing elective surgeries are chronic opioid users
[10]. Therefore, assuring reasonable expectations
of anticipated postoperative pain and opioid use
perioperatively is essential to ensure appropriate
medication administration and tapering postop-
eratively [2].

Clinical Applications

Patients with OUD are particularly vulnerable in
the perioperative period as re-exposure to opioid
medications predisposes them to an increased risk
of misuse and overdose [11-14]. In fact, 64-77%
of chronic opioid users continue to fill opioid pre-
scriptions several months after surgery [10] and
one in ten is still using opioids 1 year after dis-
charge, despite expected recovery of pain within
the first month postsurgery [15—-17]. Additionally,
OUD patients undergoing surgery were almost
twice as likely to misuse medications as those
who were not [11], with rates as high as 58% in
OUD surgical patients 1-year postop [13]. Some
noted risk factors for relapse include the induction
period, positive urine drug screen within the last
20 months, cessation of medication for OUD and
medication maintenance, as well as insufficient
communication between discharge and outpatient
follow-up [18-20].

At discharge, distinct and uncomplicated
directions should be provided to the patient and
their family and other support systems.
Discharge instructions should include proper
dosage, storage, tapering, and disposal, as well
as any potential adverse effects [2]. There are
no guidelines for specific tapering protocols
available in the literature. One study imple-

mented motivational interviewing, consisting
of weekly phone calls, and found a 62%
increase in the rate of baseline opioid use and a
53% increase in the rate of postoperative cessa-
tion of opioid medications [21].

Evidence-Based Practices
Postop IV Opioid Use

Evidence is conflicting regarding the use of intra-
venous (IV) opioids in OUD patients, with no
current standardized protocol. However, litera-
ture agrees on the importance of managing acute
postoperative pain to prevent relapse [2, 22-25],
as uncontrolled pain is a major contributor in this
vulnerable population [26, 27]. Given the height-
ened risk of relapse in OUD patients, efforts
should ideally also be made to minimize IV opi-
oids by utilizing alternative routes of administra-
tion (oral, transdermal, IM, epidural) or offering
nonopioid analgesics whenever possible [2, 28].
Additionally, postoperative acute opioid use
should be individually tailored around the history
of opioid use, status of dependence/recovery, and
severity and duration of the existing or expected
pain [29]. Furthermore, the use of patient-
controlled analgesia (PCA) programs with dose
limits and lockout intervals, and careful monitor-
ing with inclusion of nonopioids should be con-
sidered [22, 23].

Postoperative pain can vary significantly.
Higher doses of opioids may be needed for
increased pain sensitivity, tolerance (which is dif-
ficult to predict), and hyperalgesia [30-32].
Careful monitoring of increased pain, respiratory
depression, sedation, and withdrawal symptoms
is recommended [32]. Patient tolerance and organ
function should determine the choice of opioid.

Perioperative Management

The table below lists the current recommenda-
tions for perioperative management of opioid
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medications in those with chronic opioid use, as
well as for the various available forms of chronic
pharmacologic management of OUD.

Challenges and Considerations

Buprenorphine Inductions
Postoperatively

Buprenorphine is a safer alternative to OUD due
to its long half-life and partial agonism [20].
Liebschutz et al [38] and the Substance Abuse
and Mental Health Service Administration
(SAMHSA) [39] found a decreased rate of illicit
opioid use at 6-months follow-up among hospi-
talized patients receiving buprenorphine induc-
tion postoperatively upon discharge.

Evidence also suggests a higher retention in
OUD treatment programs. When clinically indi-
cated, providers should consider the use of
buprenorphine for postoperative analgesia with
OUD upon discharge [20]. Confirmation of its
indication can be performed using various screen-
ing tools, such as the Screener and Opioid
Assessment for Patients with Pain, Opioid Risk
Tool, Addiction Behaviors Checklist, and Current
Opioid Misuse Measure [40]. Moreover, social
work and additional services for assistance with
establishing outpatient buprenorphine prescribers
are recommended [20]. Of note, buprenorphine
can be a very convenient medication for discharge
because it can be legally given without concomi-
tant adjuvant treatment, making it a good option
for those without insurance or established outpa-
tient follow-up care [20, 41]. Contraindications
for buprenorphine initiation include elevated liver
function greater than three times the normal level,
active intoxication or impairment with other CNS
depressants, and hypersensitivity to any listed
ingredient. Initiating buprenorphine postopera-
tively should be a shared decision-making process
between the patient and the physician [20].

Although no current standardized protocol for
postoperative buprenorphine induction exists, lit-

erature recommends its initiation in small doses
to lessen the risk of precipitating withdrawal
[20]. Recommendations include buprenorphine
induction within 4-6 h of the last short-acting,
full-mu opioid agonist or within 1-2 h of IV full
mu agonist opioids. If necessary to reduce with-
drawal symptoms, adjuvant medications may
also be used. Patients should be given 2 mg/0.5 mg
of buprenorphine/naloxone sublingually as toler-
ated every | h as needed for pain or any feelings
of withdrawal. The recommended daily maxi-
mum dose of buprenorphine is 16 mg, but if a
greater dose is needed, it is strongly advised to
consult with an addiction specialist. Patients
should also schedule follow-up visits with a
buprenorphine prescriber, addiction medicine
specialist, or a treatment facility after being dis-
charged [20].

Naltrexone: The Dangers of Rapid
mu-Blockade
and mu-Blockade-Reversal

Naltrexone, a competitive, long-acting, central
opioid antagonist, is FDA-approved to decrease
cravings and maintain abstinence in the treatment
of opioid and alcohol dependence [42]. Through
competitive displacement and reversal of mu-
opioid agonists, naltrexone is highly effective in
preventing repeated respiratory depression, but
can precipitate withdrawals in those with recent
opioid use [43], thus necessitating an opioid-free
period of 7-10 days prior to administration [44,
45]. This may be particularly dangerous in
opioid-dependent patients, leading to life-
threatening withdrawal symptoms including
ischemia, arrhythmias, pulmonary edema, and
sudden death [46, 47]. When opioids are utilized
for pain management, this blockade can be
reversed using higher doses of opioids. However,
there is an increased potential for opioid-induced
respiratory depression, due to upregulation of
receptors and increased sensitivity, thus necessi-
tating provisions for respiratory support [43].
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Fentanyl

Fentanyl is a very potent synthetic opioid with
50-100 times more potency than morphine.
Fentanyl is a mu-selective opioid agonist, but
also exhibits activation of other opioid receptors,
including delta and potentially kappa. It has a
strong effect on dopamine release within the
reward system, leading to euphoria and relax-
ation, which substantially escalates its habit-
forming potential. Indications and other uses
include preoperative analgesia, general anesthe-
sia, anesthesia adjunct, postoperative pain con-
trol, tolerance to opioids in chronic pain patients,
and off-label for acute pain of moderate to severe
intensity [48]. Of note, there is no data demon-
strating an effect on postoperative opioid use
with the use of fentanyl near the start of general
anesthesia [2].

Fentanyl has been a concern within the illicit
drug market, with its common addition to heroin
[48], its false advertisement as commonly pre-
scribed opioid pills [2], and its easily alterable
chemical structure for detection avoidance [49].
The fact that users are typically unaware of its
use and the unregulated and varying nature of its
potency have given rise to substantial concern for
unintentional overdose. Notably, there has been
an increase in the percentage of deaths involving
synthetic opioids, from 56% in 2019 to 82% in
2020 [49]. The average amount of fentanyl has
increased from 1.3 mg/tablet in 2017 to 2.2 mg/
tablet in 2022 [2]. Despite its very high potency
and rapid onset, fentanyl remains naloxone sensi-
tive. However, higher and possibly repeated
doses may be needed [50].

Xylazine

Xylazine, a structural analog of clonidine often
used as a nonopioid analgesic and sedative in vet-
erinary medicine, has become an area of concern
due to its rapid emergence within the US illicit
drug supply [51]. A recent study from the CDC
reports an increase of death percentage from ille-
gal fentanyl laced with xylazine, from 3% in
2019 to 11% in 2022 [52]. As a CNS depressant

acting via alpha-adrenergic agonism [51], xyla-
zine is unresponsive to opioid antagonism and
there are currently no FDA-approved treatments
for reversal. However, if intoxication is sus-
pected, current recommendations are to adminis-
ter naloxone, due to its common combination
with fentanyl [53]. It is also important to note that
additional treatment and supportive measures
may be warranted [51, 54-56].

Future Directions and Research
Kratom

Kratom 1is a psychoactive, plant-derived,
Southeast Asian substance from the Mitragyna
speciosa plant, with both stimulating (lower
doses) and opioid-like effects (higher doses)
[57]. The exact mechanism of action remains
unknown, but four pharmacologically active
compounds exist. 7-OH-mitragynine, an oxi-
dized, hepatically metabolized metabolite of
mitragynine, has 13 times more affinity for opi-
oid receptors than morphine. Controversial evi-
dence suggests that mitragynine agonizes the mu
and delta receptors, while 7-OH-mitragynine
agonizes the mu and kappa receptors. However,
others suggest that both act on the mu and delta
receptors as partial agonists [58]. Although both
kratom and opioids initiate G-protein-coupled
receptor (GPCR) signaling, kratom fails to acti-
vate the beta-arrestin pathway, which is respon-
sible for adverse effects (sedation, constipation,
and respiratory system depression) [59, 60]. This
could provide promising potential with its use in
pain management and OUD.

The most common use of kratom is for opioid
dependence and withdrawal, as it offers a very
inexpensive alternative to opioid agonism [61].
Although literature reveals therapeutic value in
terms of acute and chronic pain management,
morphine and ethanol withdrawals and depen-
dence, and reduced pain sensitivity, its safety
remains controversial, including concerning con-
sequences of dependence and withdrawals [62].
Other concerns include its inability to be detected
in routine screening and evaluation [57], its lack
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of regulation with the Drug Enforcement
Administration (DEA) [57, 63, 64], as well as its
rapidly increasing recent use with concerns of
unfamiliarity of appropriate care, as indicated by
the amount of calls to poison control centers over
the last 2 years [65].

Key Takeaways

e OUD remains at a high prevalence, despite
increased awareness of the opioid epidemic
and an overall decrease in opioid prescrip-
tions. Chronic opioid use can significantly
impact pain in the perioperative period.

* Perioperative management of chronic opioid
use and OUD is complex due to altered pain
perception from tolerance and hyperalgesia,
and the risk for relapse.

* A standardized protocol for perioperative
management fails to exist. However, consensus
seems to favor the continuation of pharmaco-
logic management of OUD, incorporating
multimodal analgesia including regional anes-
thesia, and the implementation of a multidisci-
plinary team, to ensure adequate pain coverage
and reduced risk of relapse.

* The use of IV and other forms of short-acting
opioid medication for acute-postoperative on
chronic pain remains controversial.

* Some challenges and future considerations
include the potential of naltrexone for respira-
tory depression if the mu-blockade is over-
come too rapidly, the dangerous nature of
recreational fentanyl and xylazine, as well as
the potential role of kratom in the treatment of
OUD and associated pain.

References

1. Stoicea N, Costa A, Periel L, Uribe A, Weaver
T, Bergese SD. Current perspectives on the opi-
oid crisis in the US healthcare system: a compre-
hensive literature review. Medicine (Baltimore).
2019;98(20):e15425.

2. Abdelsayed A, Schroeder K (2024) The implications
of the opioid epidemic on perioperative pain manage-
ment. Cham, Springer Nature.

10.

11.

12.

13.

14.

15

16.

17.

18.

. Strang J, Volkow ND, Degenhardt L, Hickman M,

Johnson K, Koob GF, et al. Opioid use disorder. Nat
Rev Dis Primers. 2020;6(1):3.

. American Psychiatric Association. Diagnostic and

statistical manual of mental disorders: DSM-5. 5th ed.
Washington: American Psychiatric Association; 2013.

. Ward EN, Quaye ANA, Wilens TE. Opioid use disor-

ders: perioperative management of a special popula-
tion. Anesth Analg. 2018;127(2):539-47.

. Colvin LA, Bull F, Hales TG. Perioperative opioid

analgesia-when is enough too much? A review of
opioid-induced tolerance and hyperalgesia. Lancet
(Lond Engl). 2019;393(10180):1558-68.

. Mercadante S, Arcuri E, Santoni A. Opioid-

induced tolerance and hyperalgesia. CNS Drugs.
2019;33(10):943-55.

. Pavone K, Gorgol H, Rust V, Bronski M, Labelle

C, Compton P. Exploring the postoperative pain
experiences of individuals with opioid use disor-
der and the nurses providing care in the USA: a
qualitative descriptive study protocol. BMJ Open.
2023;13(10):e072187.

. Cobb J, Craig W, Richard J, Snow E, Turcotte H,

Warters R, et al. A retrospective study of acute post-
operative pain after cesarean delivery in patients with
opioid use disorder treated with opioid agonist phar-
macotherapy. J Addict Med. 2022;16(5):549-56.
Larach DB, Hah JM, Brummett CM. Perioperative
opioids, the opioid crisis, and the anesthesiologist.
Anesthesiology. 2022;136(4):594-608.

Namiranian K, Siglin J, Sorkin JD, Norris EJ,
Aghevli M, Covington EC. Postoperative opioid mis-
use in patients with opioid use disorders maintained
on opioid agonist treatment. J Subst Abus Treat.
2020;109:8-13.

Compton WM, Jones CM, Baldwin GT. Relationship
between nonmedical prescription-opioid use and her-
oin use. N Engl J Med. 2016;374(2):154-63.
Brummett CM, Waljee JF, Goesling J, Moser S, Lin
P, Englesbe MJ, et al. New persistent opioid use after
minor and major surgical procedures in US adults.
JAMA Surg. 2017;152(6):e170504.

Prabhakar NK, Chadwick AL, Nwaneshiudu C,
Aggarwal A, Salmasi V, Lii TR, et al. Management of
postoperative pain in patients following spine surgery:
a narrative review. Int J Gen Med. 2022;15:4535-49.

. Myers J, Compton P. Addressing the poten-

tial for perioperative relapse in those recovering
from opioid use disorder. Pain Med Malden Mass.
2018;19(10):1908-15.

Wang MC. Calculating risks: the power and pitfalls of
registry data. Spine J. 2013;13(10):1180-2.

Alam A, Gomes T, Zheng H, Mamdani MM, Juurlink
DN, Bell CM. Long-term analgesic use after low-
risk surgery: a retrospective cohort study. Arch Intern
Med. 2012;172(5):425-30.

White SR, Bird SM, Merrall ELC, Hutchinson
SJ. Drugs-related death soon after hospital-discharge
among drug treatment clients in scotland: record link-


R
New Stamp


204

K. A. Fisher et al.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

age, validation, and investigation of risk-factors Vrana
KE, editor. PLoS One. 2015;10(11):e0141073.

Goel A, Azargive S, Weissman JS, Shanthanna H,
Hanlon JG, Samman B, et al. Perioperative pain and
addiction interdisciplinary network (PAIN) clinical
practice advisory for perioperative management of
buprenorphine: results of a modified Delphi process.
Br J Anaesth. 2019;123(2):e333-42.

Kohan L, Potru S, Barreveld AM, Sprintz M, Lane
O, Aryal A, et al. Buprenorphine management in the
perioperative period: educational review and recom-
mendations from a multisociety expert panel. Reg
Anesth Pain Med. 2021;46(10):840-59.

Hah JM, Trafton JA, Narasimhan B, Krishnamurthy
P, Hilmoe H, Sharifzadeh Y, et al. Efficacy of
motivational-interviewing and guided opioid tapering
support for patients undergoing orthopedic surgery
(MI-opioid taper): a prospective, assessor-blind, ran-
domized controlled pilot trial. EClinicalMedicine.
2020;28:100596.

Thomas DA, Boominathan P, Goswami J, Mukherjee
S, Vadivelu N. Perioperative management of patients
with addiction to opioid and non-opioid medications.
Curr Pain Headache Rep. 2018;22(7):52.

Mitra S, Sinatra RS. Perioperative management
of acute pain in the opioid-dependent patient.
Anesthesiology. 2004;101(1):212-27.

Curatolo C, Trinh M. Challenges in the perioperative
management of the patient receiving extended-release
naltrexone. Case Rep. 2014;3(11):142-4.

Israel JS, Poore SO. The clinical conundrum of peri-
operative pain Management in Patients with opioid
dependence: lessons from two cases. Plast Reconstr
Surg. 2013;131(4):657e-8e.

Kantor TG, Cantor R, Tom E. A study of hospitalized
surgical patients on methadone maintenance. Drug
Alcohol Depend. 1980;6(3):163-73.

Larson MJ, Paasche-Orlow M, Cheng DM, Lloyd-
Travaglini C, Saitz R, Samet JH. Persistent pain is
associated with substance use after detoxification: a
prospective cohort analysis. Addiction (Abingdon
Engl). 2007;102(5):752-60.

Clarke H, Soneji N, Ko DT, Yun L, Wijeysundera
DN. Rates and risk factors for prolonged opioid use
after major surgery: population based cohort study.
BMJ. 2014;348(feb11 3):g1251.

Substance ~ misuse: acute  pain  manage-
ment | Faculty of Pain Medicine [Internet].
[cited 2024 Apr 25]. Available from: https:/
fpm.ac.uk/opioids-aware-opioids-addiction/
substance-misuse-acute-pain-management

Alford DP, Compton P, Samet JH. Acute pain man-
agement for patients receiving maintenance metha-
done or buprenorphine therapy. Ann Intern Med.
2006;144(2):127-34.

Peng PWH, Tumber PS, Gourlay D. Review article:
perioperative pain management of patients on metha-
done therapy. Can J Anaesth. 2005;52(5):513-23.
Anitescu M. The patient with substance use disorder.
Curr Opin Anaesthesiol. 2019;32(3):427-37.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44

Hyland SJ, Brockhaus KK, Vincent WR, Spence
NZ, Lucki MM, Howkins MJ, et al. Perioperative
pain management and opioid stewardship: a practical
guide. Healthcare. 2021;9(3):333.

Joo SS, Hunter OO, Tamboli M, Leng JC, Harrison
TK, Kassab K, et al. Implementation of a patient-
specific tapering protocol at discharge decreases
total opioid dose prescribed for 6 weeks after elec-
tive primary spine surgery. Reg Anesth Pain Med.
2020;45(6):474-8.

Tamboli M, Mariano ER, Gustafson KE, Briones
BL, Hunter OO, Wang RR, et al. A multidisciplinary
patient-specific opioid prescribing and tapering proto-
col is associated with a decrease in Total opioid dose
prescribed for six weeks after Total hip arthroplasty.
Pain Med. 2020;21(7):1474-81.

Anderson TA, Quaye ANA, Ward EN, Wilens TE,
Hilliard PE, Brummett CM. To stop or not, that
is the question: acute pain Management for the
patient on chronic buprenorphine. Anesthesiology.
2017;126(6):1180-6.

Kaye AD, Menard BL, Ehrhardt KP, Gennuso SA,
Okereke EC, Tirumala SR, et al. Consensus periop-
erative management best practices for patients on
transdermal fentanyl patches undergoing surgery.
Curr Pain Headache Rep. 2019;23(7):50.

Liebschutz JM, Crooks D, Herman D, Anderson B,
Tsui J, Meshesha LZ, et al. Buprenorphine treat-
ment for hospitalized, opioid-dependent patients:
a randomized clinical trial. JAMA Intern Med.
2014;174(8):1369-76.

Special Circumstances for Providing Buprenorphine
| SAMHSA [Internet]. [cited 2024 Apr 25].
Available from: https://webarchive.library.
unt.edu/web/20201218105154/https://www.
samhsa.gov/medication-assisted-treatment/
statutes-regulations-guidelines/special-circumstances
Duber HC, Barata IA, Cioe-Peiia E, Liang SY,
Ketcham E, Macias-Konstantopoulos W, et al.
Identification, management, and transition of Care for
Patients with Opioid use Disorder in the emergency
department. Ann Emerg Med. 2018;72(4):420-31.
Federal Register [Internet]. 2021 [cited 2024 Apr
25]. Practice guidelines for the Administration
of Buprenorphine for treating opioid use disor-
der. Available from: https://www.federalregister.
gov/documents/2021/04/28/2021-08961/practice-
guidelines-for-the-administration-of-buprenorphine-
for-treating-opioid-use-disorder

Hall WD, Mattick RP. Oral substitution treatments for
opioid dependence. Lancet. 2008;371(9631):2150-1.
Basic & Clinical Pharmacology, 15¢ | AccessMedicine
| McGraw Hill Medical [Internet]. [cited 2024 Apr
25]. Available from: https://accessmedicine.mhmedi-
cal.com/book.aspx?bookID=2988

. Bisaga A, Mannelli P, Yu M, Nangia N, Graham

CE, Tompkins DA, et al. Outpatient transition to
extended-release injectable naltrexone for patients
with opioid use disorder: a phase 3 randomized trial.
Drug Alcohol Depend. 2018;187:171-8.


https://fpm.ac.uk/opioids-aware-opioids-addiction/substance-misuse-acute-pain-management
https://fpm.ac.uk/opioids-aware-opioids-addiction/substance-misuse-acute-pain-management
https://fpm.ac.uk/opioids-aware-opioids-addiction/substance-misuse-acute-pain-management
https://webarchive.library.unt.edu/web/20201218105154/https://www.samhsa.gov/medication-assisted-treatment/statutes-regulations-guidelines/special-circumstances
https://webarchive.library.unt.edu/web/20201218105154/https://www.samhsa.gov/medication-assisted-treatment/statutes-regulations-guidelines/special-circumstances
https://webarchive.library.unt.edu/web/20201218105154/https://www.samhsa.gov/medication-assisted-treatment/statutes-regulations-guidelines/special-circumstances
https://webarchive.library.unt.edu/web/20201218105154/https://www.samhsa.gov/medication-assisted-treatment/statutes-regulations-guidelines/special-circumstances
https://www.federalregister.gov/documents/2021/04/28/2021-08961/practice-guidelines-for-the-administration-of-buprenorphine-for-treating-opioid-use-disorder
https://www.federalregister.gov/documents/2021/04/28/2021-08961/practice-guidelines-for-the-administration-of-buprenorphine-for-treating-opioid-use-disorder
https://www.federalregister.gov/documents/2021/04/28/2021-08961/practice-guidelines-for-the-administration-of-buprenorphine-for-treating-opioid-use-disorder
https://www.federalregister.gov/documents/2021/04/28/2021-08961/practice-guidelines-for-the-administration-of-buprenorphine-for-treating-opioid-use-disorder
https://accessmedicine.mhmedical.com/book.aspx?bookID=2988
https://accessmedicine.mhmedical.com/book.aspx?bookID=2988
R
New Stamp


25

Perioperative Management of Patients with Opioid Use Disorder

205

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

McGraw Hill Medical [Internet]. [cited 2024 Apr 25].
Opioid Antagonists. Available from: https://accesse-
mergencymedicine.mhmedical.com/content.aspx?sec
tionid=210262002&bookid=2569

Webster LR, Cochella S, Dasgupta N, Fakata KL,
Fine PG, Fishman SM, et al. An analysis of the root
causes for opioid-related Overdose deaths in the
United States. Pain Med. 2011;12(suppl 2):S26-35.
Hassanian-Moghaddam H, Afzali S, Pooya
A. Withdrawal syndrome caused by naltrexone in
opioid abusers. Hum Exp Toxicol. 2014;33(6):561-7.
Ramos-Matos CF, Bistas KG, Lopez-Ojeda
W. Fentanyl. In: StatPearls [Internet]. Treasure Island
(FL): StatPearls Publishing; 2024. [cited 2024 Apr
25]. Available from: http://www.ncbi.nlm.nih.gov/
books/NBK459275/.

Opioid Overdose | Drug Overdose | CDC Injury
Center [Internet]. 2023 [cited 2024 Apr 25]. Available
from: https://www.cdc.gov/drugoverdose/deaths/
opioid-overdose.html

Moss RB, Carlo DJ. Higher doses of naloxone are
needed in the synthetic opioid era. Subst Abuse Treat
Prev Policy. 2019;14(1):6.

Solanki PK, Yellapragada S, Lynch B, Eibel M, Viscusi
ER, Emerick T. Emergence of xylazine as a public
health threat: what does the anesthesiologist need to
know for perioperative care? Reg Anesth Pain Med.
2024; https://doi.org/10.1136/rapm-2023-105190.
What You Should Know About Xylazine | Drug
Overdose | CDC Injury Center [Internet]. 2024 [cited
2024 Apr 25]. Available from: https://www.cdc.gov/
drugoverdose/deaths/other-drugs/xylazine/faq.html
Abuse NI on D. Xylazine | National Institute on Drug
Abuse (NIDA) [Internet]. 2022 [cited 2024 Apr 25].
Available from: https://nida.nih.gov/research-topics/
xylazine

Thangada S, Clinton HA, Ali S, Nunez J, Gill JR,
Lawlor RF, et al. Notes from the field: Xylazine, a vet-
erinary tranquilizer, identified as an emerging novel
substance in drug Overdose deaths — Connecticut,
2019-2020. MMWR Morb Mortal Wkly Rep.
2021;70(37):13034.

Capraro AJ, Wiley JF, Tucker JR. Severe intoxica-
tion from xylazine inhalation. Pediatr Emerg Care.
2001;17(6):447-8.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Ehrman-Dupre R, Kaigh C, Salzman M, Haroz R,
Peterson LK, Schmidt R. Management of Xylazine
Withdrawal in a hospitalized patient: a case report. J
Addict Med. 2022;16(5):595-8.

Sethi R, Hoang N, Ravishankar DA, McCracken
M, Manzardo AM. Kratom (Mitragyna speciosa):
Friend or Foe? Prim Care Companion CNS Disord
[Internet]. 2020 Jan 30 [cited 2024 Apr 25];22(1).
Available from: https://www.psychiatrist.com/pcc/
kratom-friend-or-foe

Jentsch MJ, Pippin MM. Kratom. In: StatPearls
[Internet]. Treasure Island (FL): StatPearls Publishing;
2024. [cited 2024 Apr 25]. Available from: http://
www.ncbi.nlm.nih.gov/books/NBK585120/.

Varadi A, Marrone GF, Palmer TC, Narayan A, Szab6
MR, Le Rouzic V, et al. Mitragynine/corynanthei-
dine pseudoindoxyls as opioid analgesics with mu
Agonism and Delta antagonism, which do not recruit
B-Arrestin-2. ] Med Chem. 2016;59(18):8381-97.
Bohn LM, Lefkowitz RJ, Caron MG. Differential
mechanisms of morphine Antinociceptive tolerance
revealed in BArrestin-2 Knock-out mice. J Neurosci.
2002;22(23):10494-500.

Prevete E, Hupli A, Marrinan S, Singh D, Udine
BD, Bersani G, et al. Exploring the use of Kratom
(Mitragyna speciosa) via the YouTube data tool: a
novel netnographic analysis. Emerging Trends Drugs
Addict Health. 2021;1:100007.

Prevete E, Kuypers KPC, Theunissen EL, Corazza
O, Bersani G, Ramaekers JG. A systematic review
of (pre)clinical studies on the therapeutic poten-
tial and safety profile of kratom in humans. Hum
Psychopharmacol Clin Exp. 2022;37(1):e2805.
Eastlack SC, Cornett EM, Kaye AD. Kratom-
pharmacology, clinical implications, and outlook: a
comprehensive review. Pain Ther. 2020;9(1):55-69.
Tobacyk J, Parks BJ, Lovelady N, Brents
LK. Qualitative content analysis of public responses to
an FDA inquiry on the impact of scheduling changes
to kratom. Int J Drug Policy. 2022;108:103817.

Post S, Spiller HA, Chounthirath T, Smith
GA. Kratom exposures reported to United States
poison control centers: 2011-2017. Clin Toxicol.
2019;57(10):847-54.


https://accessemergencymedicine.mhmedical.com/content.aspx?sectionid=210262002&bookid=2569
https://accessemergencymedicine.mhmedical.com/content.aspx?sectionid=210262002&bookid=2569
https://accessemergencymedicine.mhmedical.com/content.aspx?sectionid=210262002&bookid=2569
http://www.ncbi.nlm.nih.gov/books/NBK459275/
http://www.ncbi.nlm.nih.gov/books/NBK459275/
https://www.cdc.gov/drugoverdose/deaths/opioid-overdose.html
https://www.cdc.gov/drugoverdose/deaths/opioid-overdose.html
https://doi.org/10.1136/rapm-2023-105190
https://www.cdc.gov/drugoverdose/deaths/other-drugs/xylazine/faq.html
https://www.cdc.gov/drugoverdose/deaths/other-drugs/xylazine/faq.html
https://nida.nih.gov/research-topics/xylazine
https://nida.nih.gov/research-topics/xylazine
https://www.psychiatrist.com/pcc/kratom-friend-or-foe
https://www.psychiatrist.com/pcc/kratom-friend-or-foe
http://www.ncbi.nlm.nih.gov/books/NBK585120/
http://www.ncbi.nlm.nih.gov/books/NBK585120/
R
New Stamp


l‘)

Check for
updates

Cultural and Ethical Challenges

26

in Pain Management

Vinita Singh and Rupa Nallamothu

Introduction

The International Association for the Study of
Pain (IASP) describes pain as an unpleasant
experience with both sensory and emotional
components that is associated with tissue damage
[1]. During the postoperative period, poor pain
control is associated with an increased incidence
of nausea and vomiting, cardiac and pulmonary
stress, psychological stress, delayed ambulation
and return of function, higher readmission rate,
overall cost of care, and length of hospital stay. In
the United States (US), opioid analgesics are
commonly used for postoperative pain. Due to
the involvement of a variety of social, cultural,
and medical factors, managing and evaluating
pain is complex [2].

The cultural background of the patient influ-
ences how the patient describes and experiences
pain. Pain is subjective and can be challenging
for the patient to describe to their provider.
Therefore, effective communication and the rela-
tionship between the provider and patient are
important in the management of pain. Practicing
in an ethically and culturally diverse society
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requires physicians to have an understanding and
respect for the cultures of their patients. Also,
physicians must consider these cultures in the
treatment of pain to provide effective pain man-
agement [3].

There are several ethical components in the
management of pain. The ethical questions
involved in pain management include: “What
importance does pain have in medicine? What
role does pain management play in the clinical
care of patients? What duties do health care pro-
fessionals have concerning the pain of their
patients? What other duties must be balanced
against the duty to provide adequate analgesia?”
[4]. Physicians have an ethical responsibility to
relieve pain and act in the best interests of their
patients [4].

Background and Current
Understanding

Both the patient and provider introduce their own
beliefs about pain to the clinical situation. These
beliefs can have a significant impact on care.
Cultural factors influence patients’ language of
pain and distress. Some cultural groups expect a
large display of emotion in the presence of pain,
but other groups value stoicism, restraint, and
playing down the pain. These expectations influ-
ence whether pain is seen as a clinical problem
that needs a clinical solution. For example, in the
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population of Australian aborigines, one-third of
men and half of the women reported back pain
when asked, but they did not see it as a health
problem. Unless they were asked, the patients did
not report symptoms, display pain behavior, or
seek medical treatment for their pain. Similarly,
in rural Nepal, back pain is common, but no one
sought medical help for their symptoms [5].
Therefore, cultural influences have a significant
impact on the treatment of pain.

From the perspective of the provider, there are
cultural barriers in the treatment of pain. There
are disparities in the treatment of pain based on
the patient’s racial or ethnic background. For
example, a review found that Black and Hispanic
patients were more likely to be undertreated for
their pain across multiple types of healthcare set-
tings. Although Black patients recorded higher
back pain scores on a 10-point scale in compari-
son to White patients, providers considered Black
patients less likely to have disc disease and to
have less pain than White patients. This disparity
can be a result of stereotyped perceptions of race
and ethnicity, language barriers, socioeconomic
status, communication between the doctor and
patient, and the clinical assessment of pain [5].
Therefore, the cultural beliefs of providers can
influence pain management.

Also, ethical considerations influence the
treatment of pain. Twenty years ago, Cassel
reported that medicine’s focus on purely treating
the diseases of the body prevented it from
addressing the suffering of individuals. Through
separating physical or biological pain from other
types of pain, medicine can avoid the responsibil-
ity of acknowledging all types of pain that result
from the patient’s experience of disease or ill-
ness. To provide ethical care to the patient, this
delineation must be resolved. Through integrat-
ing care-based ethics in pain management with a
focus on the provider-patient relationship, the
approach to pain management can be changed to
focus on the person, not the disease, as the main
concern [4]. This approach can improve the man-
agement of pain.

The opioid crisis has introduced ethical dilem-
mas in the management of pain. Overall, drug
overdose deaths increased from 2019 to 2022

with 107,941 drug overdose deaths reported in
2022. Deaths that involved synthetic opioids
other than methadone (primarily fentanyl) con-
tinued to rise with 73,838 overdose deaths
reported in 2022 [6]. Postsurgical pain manage-
ment was an important contributor to the opioid
crisis [7]. As a result, in anesthesiology, there has
been a drive toward opioid reduction in surgical
pain management and reduced intraoperative
opioid usage during general anesthesia [8]. Since
persistent opioid use after surgery may lead to
misuse, abuse, addiction, and diversion, provid-
ers must optimize postoperative pain manage-
ment and limit opioid use after surgery [7]. An
ethical approach to pain management must bal-
ance these two considerations.

Additionally, cultural implications are
involved in the opioid crisis. People who identi-
fied as non-Hispanic white were more likely to
receive an opioid prescription, so the risk of opi-
oid addiction is higher in this group. Disparities
in healthcare for pain often cause pain to be
untreated in racial and ethnic minorities. Race
impacts access to treatment, so the access to
treatment in racial minorities is lower. Access to
medications for opioid use disorder is lower in
communities with a higher amount of African
American and Hispanic populations [9].
Providers must consider the different effects of
the opioid epidemic in different cultural groups
when treating pain.

Clinical Applications
and Techniques

To integrate ethical principles and cultural sensi-
tivity into clinical practice, physicians should be
educated about the importance of communication
skills and techniques to improve their communi-
cation skills. In Carvalho et al. [4], the authors
proposed an ethical framework that emphasizes
the use of a variety of ethical theories, such as
ethics of care and virtues, and principle-based
ethics, to improve communication between pro-
viders and patients [4]. Also, the American
Medical Association’s Institute for Ethics created
a curriculum to educate practicing physicians on
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end-of-life care for patients. The name of the cur-
riculum is Education for Physicians on End-of-
Life Care (EPEC). This curriculum includes a
module with suggestions regarding body lan-
guage to optimize communication. This frame-
work could serve as a model for the creation of a
curriculum for healthcare professionals who treat
patients for pain and could be used for the inte-
gration of ethical principles and cultural sensitiv-
ity [10]. Through being educated about these
frameworks, physicians can apply these princi-
ples in pain management.

Evidence-Based Practices

Cultural competence training for providers is one
mechanism for reducing racial and ethnic dispar-
ities in healthcare. This training can have a ben-
eficial effect on the knowledge, attitudes, and
skills of providers. Due to this training, patients
experience more satisfaction with their providers.
Through teaching providers to be able to apply a
patient-centered approach and have better com-
munication skills with their patients, cultural
competence training allows providers to provide
better care to patients. Providers who have
received this training might have more skills in
obtaining histories from patients and making
appropriate diagnoses [11]. Therefore, cultural
competency training is an important tool in pro-
viding care to patients.

Also, Kaldjian’s framework for shared
decision-making (SDM) is a useful strategy for
applying cultural and ethical considerations in
healthcare (see Fig. 26.1). SDM prioritizes
respect for the autonomy of patients in treatment
because the patient can assume responsibility for
their role in the provider-patient relationship.
Kaldjian’s framework reframes SDM as purpose-
oriented dialogue that allows patients and health-
care providers to have conversations about
medical facts, beliefs, and values. Both the pro-
vider and the patient can intentionally work
toward specific goals that result from these dis-
cussions. These goals connect treatments and
tests to the patient’s ideal goal of the improve-
ment of their health [12]. Since culture influences

Improving

patient's

quality of
life

Medical
Treatment
or Test

Values or
beliefs Goals of

care

regarding
health

Fig. 26.1 Main points of the chapter

the patient’s values, this framework considers
both cultural and ethical values.

Challenges and Considerations

Health disparities among minority groups are a
significant concern in implementing culturally
competent care for pain management. Since eth-
nic minorities are less likely to become involved
in medical decisions about their treatment than
nonminority groups, healthcare providers must
be aware of the challenges that these groups
experience. Also, providers need to engage in
personal reflexivity to be aware of the impact of
their own values and beliefs in the healthcare set-
ting. Health professionals should be aware that
their personal biases influence their responses to
the management of pain. Reflexivity can help
providers avoid ethnocentrism, which is the
belief that their culture is superior to other cul-
tures [5]. Through thinking about how their own
experiences have shaped their beliefs, health pro-
fessionals can become more cognizant about how
they communicate with patients. The adoption of
a multifaceted approach to pain management can
help providers consider the influences of multiple
factors on cultural competency.

Also, there are limitations in providing ethi-
cally competent care in pain management. Since
the experience of pain is subjective and depends
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on an individual’s experiences, culture, and
beliefs, narrative medicine is an important tool in
pain management. It is difficult to develop poli-
cies based on narrative medicine because it
depends significantly on an individual’s experi-
ence. The ethical principle of justice is important
in pain management because people who experi-
ence pain are a vulnerable group. Currently,
financial interests can make it difficult in health-
care to provide the appropriate amount of moni-
toring to patients. Therefore, there are challenges
in providing an ethical approach in assessing,
managing, and controlling pain. Access to treat-
ment for pain control is inequitable [4]. These
limitations must be considered in the manage-
ment of pain.

Case Studies or Clinical Scenarios

Culture and ethnicity influence an individual’s
experience of pain. In South Asian communities
in the UK, patients and family carers experience
concerns about taking pain medication, home
pain management, and communication about
pain with healthcare professionals. These patients
report that they value personal resilience, privacy,
and self-management. To improve the experi-
ences of these individuals, healthcare providers
should have greater awareness around people’s
fears and concerns about pain medication, the
potential use of alternative pain management
strategies, and cultural issues, such as resilience,
privacy, dignity, and gender roles [13]. Similarly,
a survey found that South African patients in
Cape Town, South Africa, reported that they had
difficulties communicating with their physicians.
Since women in this culture are allowed to
express their pain verbally more than men, physi-
cians sometimes erroneously conclude that a
female patient is in more severe pain than a male
patient [ 14]. To provide culturally competent care
to patients, providers should be aware of the
needs and values of their cultural group.

Future Directions and Research

Further research into cultural and ethical consid-
erations in pain management should explore the
variety of factors involved in both areas. Due to
the large number of factors in providing culturally
competent care, healthcare providers must be
aware of the need to apply a comprehensive strat-
egy in the management of pain. Factors such as
gender, language, acculturation, socioeconomic
factors, family involvement, and interactions with
the health care system influence the cultural con-
siderations in healthcare. Therefore, these factors
must be further considered in the management of
pain [5]. The use of opioids in the management of
pain is a significant ethical concern in pain man-
agement. Providers must simultaneously optimize
postoperative pain management and limit opioid
use after surgery. There is a need for evidence-
based strategies for opioid tapering to be devel-
oped that complement the guidelines and expert
opinions advocating for postoperative opioid
tapering to maximize patient success, limit under-
prescribing of opioids to patients, and prevent the
misuse and diversion of opioids [7]. To effectively
manage pain while integrating ethics and culture,
more research is needed in these areas.

Key Takeaways

1. The cultural background of the patient influ-
ences how the patient describes and experi-
ences pain.

2. The opioid crisis has introduced ethical dilem-
mas in the management of pain.

3. To integrate ethical principles and cultural
competency into clinical practice, physicians
should be educated about the importance of
communication skills and techniques to
improve their communication skills.

4. Health disparities among minority groups are
a significant concern in implementing cultur-
ally competent care for pain management.
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5. Kaldjian’s framework for SDM is a useful for perioperative management in the face of the opi-

strategy for applying cultural and ethical con-
siderations in healthcare.
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Introduction

The incidence of moderate to severe postopera-
tive pain is prevalent and ranges from 31% to
58% in the first 2 weeks after surgery [1]. Poorly
controlled pain results in significant suffering
and increased morbidity in addition to increased
economic burden in the form of readmissions,
emergency room visits, lost work days, and stress
on caregivers. It is paramount to adequately treat
postoperative pain and balance adequate analge-
sia with the side effects of analgesics.

Opioids have been the cornerstone of the man-
agement of acute perioperative pain. Use of opi-
oids is associated with many well-known side
effects including decreased gastric motility,
respiratory depression, sedation, nausea, vomit-
ing, and dizziness [3]. Over the years, other non-
opioid medications and regional anesthetic
techniques have been developed and incorporated
into perioperative pain regimens to minimize the
side effects of opioids and reduce the risk of
development of opioid dependence and abuse.

This chapter will review the adverse effects of
analgesics used in the management of acute post-
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operative pain including—opioids, nonopioid
medications like NSAIDs (nonsteroidal antiin-
flammatory medications), acetaminophen, gaba-
pentinoids, ketamine, local anesthetics as well as
regional anesthetic techniques.

Background and Current
Understanding

Opioids have been used for thousands of years
starting with naturally derived analgesics from
opium poppy. Later, morphine was able to be
extracted for use, and in the early 1900s, syn-
thetic opioid derivatives were developed [4].
Opioids play an important role in pain manage-
ment in the perioperative setting. While they are
an effective tool for acute pain, they are associ-
ated with a plethora of side effects like sedation,
nausea, vomiting, dizziness, pruritus, and respi-
ratory depression [4].

Opioids bind opioid receptors which are
G-protein couple receptors. These receptors are
further subclassified into mu (MOP), delta
(DOP), kappa (KOP), as well as nonclassical
nociception (NOP). The mu opioid receptor is the
dominant receptor for analgesia. Mu receptors
which are expressed in pain pathways, the GI
tract, respiratory centers of the brain, and chemo-
receptor trigger zone of the brain. Use of opioids
activates these various mu receptors resulting in
both analgesia and side effects [5]. Mu receptor
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activation can result in activation of hedonic
reward centers and is responsible for addiction,
dependence behaviors, as well as the develop-
ment of tolerance. The mu opioid receptor
activation in the gut by opioids results in consti-
pation [6].

Development of opioid tolerance is a complex
process involving opioid receptors and neural cir-
cuits. Tolerance is the process when a patient
requires increasing doses of opioids to maintain
the same analgesic effect [5].

There is a developing understanding of the
paradoxical worsening of pain despite opioid
administration, referred to as opioid-induced
hyperalgesia (OIH) where patients have increased
pain after exposure to increasing doses of opioids
[7]. Hyperalgesia is hypothesized to be a sensiti-
zation process as opposed to a tolerance process,
whereby continued administration of opioids
after a certain point can induce higher levels of
pain response.

The pathophysiology of OIH is complex and
multifactorial. There is dysregulation of pain
pathways at both central and peripheral levels,
leading to heightened pain sensitivity. When opi-
oids are administered, their effects initially lead
to a blunting or delay in these pronociceptive sys-
tems, but as administration of opioids continues,
there is a sensitization of pronociceptive systems
leading to increased pain response [8]..

Any opioid can be linked to opioid hyperalge-
sia, although certain opioids have significant evi-
dence to suggest their use can induce opioid
hyperalgesia, including fentanyl and remifentanil
[9, 10] and increasing doses pose a higher risk of
development of OIH [11].

The prevailing theory is that pain response is a
balance of pronociceptive and antinociceptive
systems. Continued administration of opioids can
lead to sensitization of pronociceptive systems
[8]. These pronociceptive systems include multi-
ple proposed biochemical mechanisms.

At the central level, the descending pain mod-
ulatory system, particularly the rostral ventral
medulla (RVM), plays a pivotal role in inducing
OIH. Under normal conditions, the RVM exerts
both inhibitory and facilitatory control over noci-

ception; however, chronic opioid exposure dis-
rupts this balance leading to facilitation of the
pain. This process is mediated by opioid-induced
disinhibition of GABAergic interneurons, which
reduces endogenous pain suppression while
simultaneously enhancing excitatory ON-cell
activity, resulting in increased nociceptive trans-
mission [12, 13].

In addition to the descending pathway dys-
function, there is also upregulation of NMDA
receptors following chronic opioid exposure
leads to central sensitization and hyperalgesia.
NMDA receptor overexpression leads to
increased calcium influx, wind-up of nociceptive
neurons, and long-term potentiation of pain
transmission [14]. Chronic opioid exposure also
leads to a state of neuroinflammation. Prolonged
use of opioids triggers microglial activation in
the spinal dorsal horn. Proinflammatory cyto-
kines such as TNF-a, IL-1f8, and IL-6 induce
nociceptive neuron hyperexcitability, exacerbat-
ing pain sensitivity [15, 16]. The spinal dynor-
phin levels rise, which release neuropeptides like
CGREP, increasing the nociceptive inputs at the
spinal cord level. Collectively, this results in a
hyperexcitable state that not only counteracts
opioid-induced analgesia but also promotes per-
sistent pain that is refractory to opioid escalation
[17].

At the peripheral level, opioid receptor activa-
tion modulates nociceptive signaling through
prostaglandin synthesis and transient receptor
potential (TRP) channel alterations. Chronic opi-
oid exposure primes TRPV1 and TRPAI1 chan-
nels, leading to increased peripheral sensitization
and exacerbation of inflammatory pain [18].
Opioid-induced activation of cyclooxygenase-2
(COX-2) results in enhanced prostaglandin pro-
duction, which further amplifies nociceptive sig-
naling [19].

In addition to all the above mechanisms,
genetic and epigenetic factors influence suscepti-
bility to OIH, with polymorphisms in opioid
receptors, NMDA receptors, and inflammatory
mediators. The complex interplay between these
factors leads to OIH.
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Commonly cited possible pathways of
opioid-induced  hyperalgesia include
genetic mechanisms, decreased reuptake
and enhanced nociceptive response, spi-
nal dynorphin, descending facilitations,
and central glutaminergic system mecha-
nisms [2].

Clinical Implications of Adverse
Effects of Opioids and Nonopioid
Techniques of Pain Management

1. Opioids
A. Respiratory Depression: MOP receptor
activation results in decreased cellular sig-
nal transduction and depression of the
respiratory neurons in the pre-Bot zinger
complex in the ventrolateral medulla. This
results in respiratory depression. Risk fac-
tors for opioid-induced respiratory depres-
sion are male sex, sleep apnea, age, sleep
apnea, heart failure, and concomitant use
of sedatives and respiratory depressants.
In addition, at higher doses, the phrenic
nerve motor output is affected and is
depressed. Naloxone is the first line of
treatment for respiratory depression sec-
ondary to opioids in addition to supportive

measures [20].

B. Tolerance: Tolerance to opioid adminis-

tration develops with repeated administra-
tion and results in decreased efficacy of
the medication. This primarily occurs due
to the increase in the number of inactive
mu receptors on the cell membrane due to
cellular trafficking as well as desensitiza-
tion. Clinical management requires the
use of adjuvants in pain management in
combination with opioids, as well as opi-
oid rotation [6].

C. Addiction and Physical Dependence: In

addition to tolerance, long-term opioid
therapy can result in physical dependence
and addiction. This occurs secondary to
upregulation of cyclic AMP and increased
signaling at the locus coeruleus. Opioid
binding at the MOP in the brain results in
increased dopaminergic release and acti-
vates the nucleus accumbens and induces
pleasure. As the reward and pleasure cen-
ters of the brain are activated by opioid
administration, it can result in addiction
and physical dependence [21]. Pain man-
agement guidelines recommend opioid
sparing techniques and use of small, incre-
mental doses as needed and avoiding large
doses and rapid escalation [6].

. Constipation: This occurs due to the acti-

vation of the MOP in the enteric neurons
leading to delayed gastrointestinal transit
times as well as stimulation of the sphinc-
ters. In addition, there is increased water
absorption in the gut due to increased lev-
els of serotonin and aquaporin channels.
Constipation affects 40% of patients on
long-term opioid therapy. Patients on opi-
oids require a bowel regimen with laxa-
tives as well as increased hydration and a
fiber-rich diet. In addition, opioid antago-
nists like naloxone and/or methylnaltrex-
one can be used [22].

E. Nausea and Vomiting: Opioid receptors

are present in the chemoreceptor trigger
zone, vestibular apparatus, and in the gas-
trointestinal tract. Activation of these
receptors can result in nausea and vomit-
ing. About 20% of the patients on opioid
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therapy experience nausea and vomiting.
Blocking the serotonergic and neurokinin
receptors in the area postrema of the brain
stem can be attempted to help minimize
the nausea and vomiting secondary to opi-
oids [23].

F. Other adverse effects include drowsiness,
lethargy, urinary retention, and pruritus.
Long-term use has also been associated
with hypogonadism.

Pruritus is more common with neurax-
ial opioids that are hydrophilic (mor-
phine). It is likely secondary to mast cell
activation and histamine release, as well
as the activation of itch pathways by the
mu opioid receptors in the spinal cord
[24].

Nonsteroidal Antiinflammatory Medications

(NSAIDs)

NSAIDs inhibit COX enzymes, decrease
prostaglandin production, and act peripher-
ally and centrally to decrease generation and
transmission of nociceptive signals. The inhi-
bition of COX enzymes is also responsible for
the adverse effects of this class of medica-
tions. A decrease in prostaglandin levels is
responsible for the loss of cytoprotective layer
of gastric mucosa leading to increased gastro-
intestinal ulcers. Alteration in renal blood
flow can result in impaired renal function
[25]. Inhibition of prostacyclin formation and
increased thromboxane A2 levels by NSAIDS
lead to increased risk of vasoconstriction and
adverse cardiac events. There is some litera-
ture that suggests that postoperative use of
NSAIDS is associated with an increased risk
of anastomotic leakage following colonic
resections [26, 27]. Additionally, NSAIDs can
cause delayed bone healing or nonunion [28].
This risk is lower for lower doses or shorter
duration of treatment, but should still be con-
sidered as an important risk, especially in the
context of orthopedic surgeries.

3. Acetaminophen is a commonly used anti-

pyretic and antiinflammatory medication that
reduces COX activity and is used for analge-
sia in the acute postoperative period.
Commonly associated side effects include

hypersensitivity, rash, hepatic and renal
injury, Acetaminophen is associated with
hepatic and renal injury, allergic reaction, and
hematological abnormalities like anemia, leu-
kopenia, and even electrolyte abnormalities It
should be used with caution in patients with
liver disease [29].

. Gabapentinoids:

Gabapentinoids are anticonvulsants that
have analgesic properties and are especially
effective in the treatment of neuropathic pain.
Over the past decade, these medications were
increasingly used in the acute postoperative
period as well as part of enhanced recovery
pathways in the perioperative period.
Common side effects include somnolence,
development of dependence, ataxia, dizzi-
ness, confusion, vision changes, and hypoven-
tilation [30]. Current evidence is mixed on
whether gabapentinoids provide significant
postoperative pain relief, with a recent meta-
analysis [31] showing that postoperative pain
scores with the use of gabapentinoids were
not clinically improved.

. Ketamine:

Ketamine is a phencyclidine derivative
which is an anesthetic and analgesic medica-
tion. It exerts its analgesic action primarily
through reversible NMDA and glutamate
receptor antagonism. It is also a partial Mu
receptor agonist. Ketamine can cause psy-
chotomimetic reactions at high doses as well
as dizziness, nausea, and sedation [32]. Some
of the side effects observed with ketamine
include tachycardia, increased blood pressure,
anorexia, nausea, vomiting, diplopia, nystag-
mus, increased intraocular pressure, anxiety,
dissociative states, hallucinations, hepatotox-
icity, and increased intracranial pressure. It
should be used with caution in pregnant and
lactating women, and avoided in patients with
schizophrenia, hemodynamic instability, and
increased intracranial pressure [33].

. Regional Anesthesia

Regional anesthesia techniques and use of
local anesthetics are common and effective
tools to manage postoperative pain whilst
reducing opioid use [34]. This includes spinal
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and epidural anesthesia, peripheral nerve
blocks, and infiltration of local anesthetics at
surgical sites. In addition, infusions of local
anesthetics (specifically lidocaine) have been
shown to have antiinflammatory and antinoci-
ceptive effects [35].

Each type of regional technique has its
own side effect and complication profile.
Neuraxial blockade through spinal or epidural
anesthesia can cause spinal hematoma, infec-
tion or abscess, permanent neurological injury
through direct trauma or spinal cord ischemia,
local anesthetic toxicity, and postdural punc-
ture headache [36]. Any peripheral nerve
blockade can cause local nerve injury through
direct trauma, and all include the risk of dam-
age to nearby structures, for example, pneu-
mothorax after supraclavicular block [37].

Local anesthetic medications provide
analgesia via blockade of voltage-gated
sodium channels and subsequent interrup-
tion of impulse transmission. In addition to
hypersensitivity and allergic reactions, there
is a significant risk of systemic toxicity with
increasing concentrations as well as sys-
temic administration of local anesthetics.
This manifests in the form of metallic taste
in the mouth, ringing in the ears, circumoral
numbness, seizures followed by hypoten-
sion, dysrhythmias, heart block, and subse-
quent cardiovascular compromise [38]. All
regional techniques that involve injection of
local anesthetic have a risk of local anes-
thetic systemic toxicity (LAST) which can
cause life-threatening CNS and cardiovas-
cular toxicity [39].

7. Peripheral Nerve
Cryoanalgesia:

Peripheral nerve stimulation and cryoab-
lation are both forms of pain management
that are newer techniques that can be used in
the perioperative setting to manage neuro-
pathic pain. Placement of a peripheral nerve
stimulator involves placing small electrodes
along the sensory nerves that are connected
to a pulse generator or communicate with a
wireless generator that uses electrical signals
to modulate pain pathways. This technique

Stimulation and

has a risk of bleeding, infection, nerve injury,
migration of leads, or lead fracture [40].
Cryoablation can be used to target neuro-
pathic pain that can be localized to a periph-
eral nerve. It has risks including skin changes
(hyper or hypo pigmentation), hair loss at the
site of cryoablation, pain, or damage to
nearby structures [41].

Evidence-Based Practice

Mitigating Adverse Effects of Opioids
and Opioid-Induced Hyperalgesia

Owing to the complex overlapping mechanisms
between OIH, opioid tolerance, and opioid
dependence, adopting an opioid-sparing strategy
is critical to optimizing long-term pain manage-
ment while reducing the risk of OIH and other
opioid-associated side effects. Given the evi-
dence to support opioids causing opioid-induced
hyperalgesia in a dose-dependent manner, it is
critical to use a multimodal approach for effec-
tive and safe perioperative pain management that
limits opioid use. Using lower doses of opioids
should be targeted [42], with additional use of
analgesics from other classes, including those
discussed above. Specifically, the use of NMDA
antagonists may be associated with a lower inci-
dence of opioid-induced hyperalgesia [9, 43, 44].

Acetaminophen and NSAIDs should be used
in appropriate patient populations (based on
comorbidities) as opioid-sparing medications
and as part of multimodal pain regimens.
Preemptively administering acetaminophen
prior to surgery and initiation of painful stimuli
can reduce the postoperative need for opioid use
[45]. Additionally, the use of neuraxial analge-
sia and regional anesthetic techniques when
applicable may be associated with decreased
need for perioperative opioid use, as well as
ultimately decreased incidence of chronic post-
surgical pain [46].

The most effective approach to OIH is preven-
tion. A multimodal perioperative pain manage-
ment strategy is essential to prevent the risk of
OIH.
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* Preoperatively, identifying at-risk patients
before surgery is essential, as individuals with
chronic opioid use, central sensitization syn-
dromes, or heightened pain sensitivity are more
likely to develop OIH. Preoperative risk stratifi-
cation should include opioid history assess-
ment and screening for chronic pain conditions,
enabling individualized pain management
plans [2]. It is important to educate patients
about opioid-sparing techniques, multimodal
analgesia, and realistic pain expectations.
Preoperative opioid tapering in chronic opioid
users may reduce the risk of developing hyper-
algesia, supporting the rationale for preopera-
tive opioid optimization programs (26816103).

e Intraoperatively, minimizing intraoperative
opioid exposure is crucial to preventing OIH.
— High-dose remifentanil infusions, particu-

larly those exceeding 0.2 pg/kg/min, have
been strongly associated with postopera-
tive hyperalgesia [47]. A gradual tapering
approach when discontinuing opioid infu-
sions may reduce the risk of withdrawal-
induced hyperalgesia.

— Multimodal analgesia targeting multiple
pain pathways may reduce opioid depen-
dence. NMDA receptor antagonists, such
as ketamine and dextromethorphan, help
counteract opioid-induced neuroplastic
changes. Low-dose ketamine, administered
as a 0.5 mg/kg bolus followed by a
0.1-0.2 mg/kg/h infusion, has been shown
to effectively prevent OIH and reduce post-
operative opioid consumption [48].

— Alpha2-adrenergic agonists, such as dex-
medetomidine and clonidine, methadone,
and COX-2 inhibitors have shown potential
to reduce postoperative opioid require-
ments and thereby attenuate hyperalgesia.

* Postoperatively, opioid-sparing regimens
including NSAIDs, acetaminophen, gabapen-
tinoids, and regional anesthesia techniques
whenever possible are ideal. Duloxetine, a
serotonin-norepinephrine reuptake inhibitor
(SNRI), and Melatonin, due to its antiinflam-
matory and neuroprotective properties, may

also play a role in reducing hyperalgesia asso-
ciated with prolonged opioid exposure [49].

As our understanding of the risks involved
with different forms of analgesics evolve, guide-
lines to direct the best multimodal pain control
regimens are evolving. The data regarding the
best multimodal pain management approach in
certain types of surgery is being organized into
guidelines, specifically Enhanced Recovery After
Surgery (ERAS) guidelines. Use of these guide-
lines to create more uniform use of multimodal
pain management approaches has the potential to
improve the administration of perioperative anal-
gesics going forward [50].

Challenges and Considerations

A challenge for effective perioperative analge-
sia comes from the need for further research
into opioid hyperalgesia and the need for better
data on regional anesthetic techniques.
Currently, the most conclusive data on opioid
hyperalgesia is in animal models [9]. There is
data to suggest that the phenomenon of opioid-
induced hyperalgesia is a real risk, although
more large-scale clinical trials to understand the
specifics are needed. Additionally, most of the
current data regarding the development of OIH
is on remifentanil, and more data is needed on
other types of opioids [11].

While regional anesthetic techniques provide
a promising alternative that may limit the need
for opioids, there is a need for more standardized
outcome metrics in the research to assess the effi-
cacy of regional techniques [51] as an adjunct for
reducing perioperative pain. A review of the cur-
rent literature shows that some studies use a
numerical 1-10 pain score, some use opioid
requirement, and some use a visual analogue
scale, and the time points at which pain scores
were measured postoperatively had wide
variation.

Finally, there is likely difficulty in establish-
ing uniform guidelines for multimodal analgesia
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approaches across systems due to limitations or
variance in resources or practice models.

Future Directions and Research

To develop a more complete understanding of
opioid-induced hyperalgesia, future large-scale
clinical trials are needed. Specifically, more data
is needed on OIH from the use of opioids other
than remifentanil. With further research into the
types and dosing of opioids that cause OIH, this
can help inform clinicians of the best approach for
multimodal analgesia techniques that most safely
use opioids as an adjunct. As this data evolves, it
can help to inform updated ERAS guidelines for
optimal perioperative pain control.
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Managing Side Effects of Analgesic

28

Medications in Perioperative Pain

Management

Geoffrey D. Panjeton and Hess Panjeton

Introduction

The perioperative period poses a significant chal-
lenge for patients, primarily due to the anticipa-
tion of postoperative pain, which approximately
80% of patients experience [1]. This prevalent
issue has driven extensive research into optimiz-
ing perioperative pain management strategies.
The cornerstone of these strategies is the admin-
istration of a multimodal regimen that employs a
combination of medications, each acting through
different mechanisms to provide effective pain
relief. This approach aims not only to enhance
the efficacy of pain control but also to minimize
the side effects and potential adverse reactions
associated with any single class of medications.
Effective pain management is paramount in
perioperative care as it significantly influences
the patient’s comfort and recovery trajectory.
While analgesic medications are potent in allevi-
ating pain, their use is often accompanied by a
spectrum of side effects that can compromise
patient outcomes. These range from mild dis-
comforts, such as nausea and dizziness, to more
severe complications, including organ damage
and dependency risks, which underscore the criti-
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cal need for meticulous management of these
medications.

To address these challenges, it is crucial to
recognize and proactively consider the potential
side effects of analgesic drugs. This involves a
comprehensive approach that starts with a thor-
ough assessment of the patient’s medical history
and specific health conditions that might amplify
the risk of adverse effects. Tailoring the analgesic
regimen not only to the surgical procedure but
also to the individual’s unique health profile is a
strategy that can significantly mitigate the risk of
complications.

Furthermore, ongoing monitoring throughout
the perioperative period is essential to adjust
treatment plans promptly and effectively based
on the patient’s response to medications.
Education and communication with patients
about the potential side effects of their pain man-
agement plan are equally important to ensure
they are well-informed and engaged in their care
process.

By integrating these strategies, healthcare pro-
viders can optimize pain management protocols
that enhance patient comfort and facilitate
quicker recoveries while minimizing the side
effects associated with pain medications. This
chapter delves deeper into the various types of
analgesics used in perioperative care, their mech-
anisms of action, potential side effects, and strat-
egies for managing these effects to ensure
comprehensive patient care.
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Background and Current
Understanding

Analgesics, from opioids to nonsteroidal antiinflam-
matory drugs (NSAIDs), play a pivotal role in pain
management. The growing understanding of the
implications of higher doses and prolonged use of
analgesic medications has shifted the focus toward
balanced multimodal pain management. Current
understanding underscores a need for judicious use
of analgesics, balancing efficacy with safety.

Clinical Applications
and Techniques

Managing side effects involves a multifaceted
approach:

1. Patient Assessment: Detailed assessment to
identify risks related to comorbid conditions,
such as chronic kidney disease, obstructive
sleep apnea, liver disease, etc.

2. Choice of Analgesics: Selecting appropriate
medication based on patient history and type
of surgery.

3. Dosing Strategies: Implementing the lowest
effective dose for the shortest duration.

4. Monitoring: Regular monitoring for efficacy
and early detection and management of side
effects.

NSAIDs

NSAIDs often constitute the foundation of multi-
modal pain management strategies due to their
effectiveness in reducing inflammation and pain
by antagonizing the production of prostaglandins
via inhibition of cyclooxygenase (COX) enzymes
[2]. However, they must be used cautiously due
to potential side effects such as gastrointestinal
bleeding and nephrotoxicity [2]. Interestingly,
despite the theoretical risk of increased bleeding
associated with NSAID use, extensive reviews
have not corroborated this concern, underscoring
the importance of evidence-based practice. There
is some evidence that reflects patients taking

NSAIDs in the perioperative period experienced
a higher incidence of pseudarthrosis, hardware
failure, and revision surgery in spine and ortho-
pedic surgeries requiring the implantation of
hardware [3].

Gabapentinoids

Gabapentin and pregabalin, initially developed
as anticonvulsants, are mainstays of managing
chronic neuropathic pain, and more recently,
their use in the management of acute neuropathic
and nociceptive pain in the postoperative setting
has increased [4]. Their potential effectiveness in
reducing postoperative nausea and vomiting and
slight opioid-sparing effects offers a benefit, yet
further investigation is needed to clarify a pre-
cise dosing regimen and identify particular
patient groups that would benefit the most [4].
Additionally, the potential benefits of gabapenti-
noids must be weighed against possible side
effects such as dizziness and visual disturbances,
which can affect patient recovery [4].

Duloxetine

Duloxetine, primarily known for its use in man-
aging depression and anxiety, plays a role in con-
trolling chronic musculoskeletal and neuropathic
pain conditions like fibromyalgia and diabetic
neuropathy. As a selective serotonin and norepi-
nephrine reuptake inhibitor (SNRI), it acts cen-
trally at the dorsal horn of the spinal cord to
increase reuptake of norepinephrine, dopamine,
and serotonin, which in turn enhances inhibition
of pain transmission [5]. There are also additional
mechanisms proposed, such as central pain mod-
ulation at the prefrontal cortex and peripheral
blocking of the Neuronal Nav1.7 Na + channel to
reduce hyperalgesia [5]. Meta-analysis has
reflected improved postoperative pain scores and
reduced opioid consumption; however, patients
did report increased dry mouth, headache, and
somnolence [5].

Common Analgesics: Mechanism, Site of
Metabolism, and Side Effects [6]
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1. Acetaminophen * Metabolism: Liver
e Mechanism of Action: Inhibits prosta- * Side Effects: Drowsiness, dry mouth,
glandin synthesis in the central nervous dizziness
system (CNS) and peripherally blocks 8. Gabapentin
pain impulse generation e Mechanism of Action: Binds to voltage-
e Metabolism: Liver gated calcium channels, reducing excit-
* Side Effects: Liver damage, nausea, rash, atory neurotransmitter release
and rare allergic reactions e Metabolism: Not metabolized, excreted
2. Baclofen unchanged by kidneys
e Mechanism of Action: Acts on GABA » Side Effects: Dizziness, fatigue, periph-
receptors in the spinal cord, inhibiting eral edema
nerve reflexes 9. Ketamine
* Metabolism: Primarily in the liver * Mechanism of Action: NMDA receptor
e Side Effects: Drowsiness, dizziness, antagonist
weakness, fatigue ¢ Metabolism: Liver
3. Buprenorphine ¢ Side Effects: Dissociation, hallucinations,
¢ Mechanism of Action: Partial opioid ago- increased blood pressure, nausea
nist at mu receptors; antagonist at kappa 10. Ketorolac
receptors e Mechanism of Action: Non-selective
* Metabolism: Liver (CYP3A4) COX inhibitor, reducing prostaglandin
» Side Effects: Nausea, dizziness, respira- synthesis
tory depression, dependency * Metabolism: Liver
4. Carisoprodol » Side Effects: Gastrointestinal bleeding,
¢  Mechanism of Action: Blocks interneuro- renal impairment, dizziness
nal activity and depresses polysynaptic 11. Lidocaine
neurons in the spinal cord and brain e Mechanism of Action: Sodium channel
¢ Metabolism: Liver blocker, inhibits nerve impulse
e Side Effects: Drowsiness, dizziness, conduction
headache, and dependency ¢ Metabolism: Liver
5. Celecoxib » Side Effects: Numbness, tingling, cardio-
¢ Mechanism of Action: Selective COX-2 vascular and CNS disturbances
inhibitor, reduces prostaglandins  12. Metaxalone
synthesis * Mechanism of Action: Unknown, thought
e Metabolism: Liver (CYP2C9) to involve central nervous system
o Side Effects: Gastrointestinal upset, car- depression
diovascular risk, renal impairment ¢ Metabolism: Liver
6. Corticosteroids (e.g., Dexamethasone, e Side Effects: Drowsiness, dizziness,
Betamethasone) headache, nausea
e Mechanism of Action: Modulates gene 13. Methocarbamol
expression to produce antiinflammatory e Mechanism of Action: Central muscle
and immunosuppressive effects relaxant with unknown mechanism
e Metabolism: Liver e Metabolism: Liver
* Side Effects: Immunosuppression, hyper-  Side Effects: Drowsiness, dizziness, light-
glycemia, osteoporosis, mood changes headedness, nausea
7. Cyclobenzaprine

e Mechanism of Action: Acts at the brain stem
to reduce tonic somatic motor activity
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14.

15.

16.

17.

18.

19.

Naloxone

e Mechanism of Action: Opioid antagonist,
competitively binds to opioid receptors

* Metabolism: Liver

e Side Effects: Withdrawal symptoms in
opioid-dependent individuals

NSAID:s (e.g., Ibuprofen, Aspirin, Naproxen)

e Mechanism of Action: Non-selective
COX inhibitors, reducing prostaglandin
synthesis

* Metabolism: Liver

» Side Effects: Gastrointestinal bleeding,
renal impairment, increased cardiovascu-
lar risk

Opioids  (e.g.,

Oxycodone)

e Mechanism of Action: Agonists at opioid
receptors in the brain, altering the percep-
tion of and response to pain

e Metabolism: Primarily in the liver

» Side Effects: Nausea, vomiting, constipa-
tion, respiratory depression, dependency,

Fentanyl, Hydrocodone,

and tolerance

Pregabalin

e Mechanism of Action: Binds to calcium
channels reducing  neurotransmitter
release

e Metabolism: Minimal; excreted largely
unchanged by kidneys

e Side Effects: Dizziness, sleepiness,
blurred vision, weight gain

Tizanidine

* Mechanism of Action: Agonist at alpha-2
adrenergic receptors, likely reducing
nociceptive neurotransmitters

* Metabolism: Liver

» Side Effects: Hypotension, dry mouth,
drowsiness, dizziness

Tramadol

¢ Mechanism of Action: Weak opioid recep-
tor agonist and inhibitor of serotonin and
norepinephrine reuptake

¢ Metabolism: Liver
CYP3A4)

» Side Effects: Nausea, dizziness, constipa-
tion, dependency, seizure risk

(CYP2D6  and

Evidence-Based Practices

Recent research highlights strategies like multi-
modal analgesia, which combines different
classes of analgesics to reduce individual drug
doses, thereby minimizing side effects. Studies
also emphasize the role of non-pharmacological
methods like cold therapy and relaxation tech-
niques in adjunct to pharmacotherapy.

Challenges and Considerations
Challenges include:

e Varied Patient Responses: Individual differ-
ences in metabolism and sensitivity.

* Opioid-Related Side Effects: Constipation,
nausea, respiratory depression, and addiction
potential.

* NSAID-Related Issues: Gastrointestinal com-
plications and renal impairment.

e Special considerations involve managing
chronic pain patients and those with a history
of substance abuse.

Case Studies or Clinical Scenarios

Case 1: Patient with Chronic Kidney
Disease Unable to Take NSAIDs

e Background: A 58-year-old patient with
chronic kidney disease (CKD) stage 3 requires
pain management for osteoarthritis.

e Challenge: NSAIDs, commonly used for
arthritis pain, are contraindicated due to their
nephrotoxic potential, which could exacerbate
kidney dysfunction.

e Approach: The treatment plan focuses on
acetaminophen for pain relief, complemented
by physical therapy and local treatments like
capsaicin cream to avoid systemic side effects.
Additional interventional-based approaches
utilizing common regional anesthesia proce-
dures can be beneficial as well.
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Case 2: Patient with Obstructive
Sleep Apnea and Limited Opioid
Tolerance

Background: A 45-year-old patient with
obstructive sleep apnea (OSA) is postopera-
tive from abdominal surgery, requiring pain
management.

Challenge: Opioids may cause sedation and
further depress respiration, which can be
severe in OSA patients.

Approach: Utilize a multimodal analgesia
approach, including low-dose opioids combined
with acetaminophen, NSAIDs, and nonpharma-
cological interventions like ice application and
relaxation techniques to minimize opioid use.
Additional interventional-based approaches uti-
lizing common regional anesthesia procedures
can be beneficial as well.

Case 3: Elderly Patient with Increased
Sensitivity to Muscle Relaxants

Background: An 82-year-old patient needs
pain management for acute back spasms.
Challenge: Elderly patients are often sensitive
to medications like muscle relaxants and gab-
apentin, which can cause excessive sedation
and increase the risk of falls.

Approach: Start with a very low dose of a
muscle relaxant, closely monitor for side
effects, and prioritize safer alternatives such
as physical therapy and localized heat therapy
to manage pain and muscle tension without
heavy  reliance on  pharmacological
interventions.

Case 4: Postoperative Pain
Management in a Patient with History
of Substance Use Disorder

e Background: A 37-year-old patient is recov-

ering from knee replacement surgery and has
a history of opioid addiction, now in
remission.

Challenge: Managing postoperative pain
effectively while minimizing the risk of
relapse into substance use.

Approach: Implement a nonopioid-based pain
management strategy, including NSAIDs,
acetaminophen, and local anesthetics including
continuous peripheral nerve block infusions.

Future Directions and Research

Non-Pharmacological Interventions:
Exploring the role of alternative therapies in
pain management—incorporating acupunc-
ture, for example, intra and postoperatively.
Studying efficacy—increasing focus on
patient-reported outcomes as opposed to more
subjective pain scores in studying pain man-
agement efficacy.

Personalized pain care—exploring the role of
pharmacogenomics in optimizing pain medi-
cation management.

Key Takeaways

Balancing pain relief while managing side
effects is integral to optimizing perioperative
care.

Multimodal analgesia offers an effective
approach to minimize side effects.
Patient-specific strategies are essential, con-
sidering individual risk factors and responses.
Regular monitoring and patient education are
vital in managing side effects.

Further developing ongoing research and
innovative approaches will further improve
analgesic use in perioperative care.
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and Treatment of Nerve-Related

Pain Issues

Rene Przkora and Daniel Jose Lopez

Introduction

Nerve injuries are a significant source of both
acute and chronic pain syndromes, often leading
to debilitating conditions that severely impact
patients’ quality of life. Acute pain is typically a
direct result of tissue damage, resolving as the
injury heals. However, chronic pain persists
beyond the normal healing period, often due to
maladaptive neural changes following the injury.
Nerve injuries can result from various etiologies,
including trauma, surgery, or diseases affecting
the nervous system, with chronic pain syndromes
like neuropathic pain frequently emerging postin-
jury. According to the International Association
for the Study of Pain (IASP), “neuropathic pain is
caused by a lesion or disease of the somatosen-
sory nervous system” [1].

Background and Current
Understanding

The understanding and medical management of
nerve injuries and their consequent pain syn-
dromes require a comprehensive approach. These
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injuries can occur due to a wide range of causes,
including mechanical compression, laceration, or
chemical damage. In addition to traumatic events,
iatrogenic injuries ranging from regional anes-
thesia techniques to surgical procedures are also
significant contributors [2]. For instance, surgical
procedures, especially those involving the spine,
joints, or peripheral nerves, can inadvertently
damage nerves, leading to acute pain in the post-
operative setting or persisting chronically, result-
ing in various pain syndromes. One such
syndrome, neuropathic pain, will be covered in
this chapter.

The earliest classification of nerve injuries by
Seddon and Sunderland remains widely used,
dividing injuries into neuropraxia, axonotmesis,
and neurotmesis [3]. Neuropraxia is a mild injury
with temporary myelin loss but intact axons,
common in entrapment neuropathies, and usually
resolves within weeks. Axonotmesis involves
axonal damage but preserved connective tissues,
allowing for regeneration, typically seen in crush
and stretch injuries. Neurotmesis, the most
severe, involves extensive damage to axons,
myelin, and connective tissues, often from severe
trauma, and requires surgical repair for recovery.

The pathophysiology of acute and chronic pain
following nerve injury involves complex mecha-
nisms. In a normal state of pain processing, pain
signals are transmitted from the periphery to the
central nervous system (CNS) via nociceptors. It
includes signal transduction at peripheral recep-
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tors, signal conduction along peripheral nerves,
modulation of pain at the spinal cord, perception
of pain at the supraspinal level, and the accompa-
nying sensations, emotional responses, and affec-
tive state [4]. After nerve injury, however, there is
a notable increase in spontaneous activity from
damaged neurons, abnormal excitability, and sen-
sitization of pain pathways both at the site of
injury and in the CNS. Central sensitization refers
to an increased responsiveness of neurons within
the CNS, which leads to an amplification of pain
signals. Peripheral sensitization involves changes
in the primary afferent neurons, making them
more responsive to stimuli. Additionally, inflam-
matory responses and immune cell activation at
the injury site can exacerbate pain by releasing
proinflammatory cytokines and other mediators
that sensitize nociceptors.

Clinical Applications

Accurately diagnosing peripheral nerve injuries
relies on a thorough patient history and physical
examination. Patients often present with sensory
disturbances (e.g., numbness, tingling), motor
deficits (e.g., weakness, paralysis), or neuro-
pathic pain (e.g., burning, shooting pain) local-
ized to the distribution of the affected nerve.
These objective and subjective findings apply
to both acute and chronic pain following nerve
injury; however, this may be difficult to identify
postoperatively as patients are recovering from
anesthetics and with continued analgesics [5].
Furthermore, typical postoperative inflamma-
tion and healing can produce similar symptoms,
highlighting the importance of distinguish-
ing between these physical findings. Physical
examination may reveal changes in muscle tone,
reflexes, and strength. Specific clinical tests,
such as Tinel’s sign (tapping over the nerve to
elicit tingling) or Phalen’s test (maintaining
wrist flexion to reproduce symptoms), can help
localize the injury.

To confirm a diagnosis of nerve injury, various
diagnostic ~ studies can be employed.
Electromyography and nerve conduction studies
are commonly used to assess the electrical activ-

ity of muscles and the speed of nerve signal trans-
mission, respectively. Imaging studies, such as
magnetic resonance imaging (MRI) or high-reso-
lution ultrasound, can visualize structural abnor-
malities in nerves and surrounding tissues [5]. It
should be noted, however, that these diagnostic
tests have limitations and criticisms regarding
their precision in diagnosing peripheral nerve
injuries. Additionally, quantitative sensory test-
ing assesses sensory nerve function and can
detect changes in pain thresholds indicative of
neuropathic pain.

Treatment for neuropathic pain syndromes
secondary to nerve injury includes both conser-
vative and interventional approaches.
Conservative treatments involve pharmacologic
therapies such as nonsteroidal antiinflammatory
drugs, anticonvulsants (e.g., gabapentin, pregab-
alin), and antidepressants (e.g., amitriptyline,
duloxetine) which target neuropathic pain mech-
anisms. Interventional options include nerve
blocks, epidural injections, and neuromodulation
techniques like spinal cord stimulation (SCS) and
peripheral nerve stimulation (PNS). The US Food
and Drug Administration has approved several
devices for neuromodulation, such as SCS sys-
tems, which deliver electrical impulses to the spi-
nal cord to modulate pain signals [6]. While these
treatments are effective in providing analgesia for
patients with neuropathic pain, they are palliative
and do not address the underlying nerve
regeneration.

Evidence-Based Practices

The effectiveness of various treatment approaches
for postnerve injury analgesia and rehabilitation
has been evaluated in numerous studies.
Multimodal pain treatment algorithms, which
combine pharmacologic, interventional, and
physical therapies, are often recommended to
address the multifaceted nature of neuropathic
pain. Evidence suggests that combining these
modalities can provide synergistic pain relief and
improve functional outcomes. For instance, the
combination of pharmacologic agents targeting
different pain pathways has been shown to
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enhance pain control and minimize side effects
compared to monotherapy.

Neuromodulation strategies have gained sig-
nificant attention for treating neuropathic pain.
SCS and PNS are well-documented techniques
that involve the use of electrical impulses to mod-
ulate pain pathways. SCS has been particularly
effective in patients with chronic pain conditions
like postsurgical chronic neuropathic pain and
complex regional pain syndrome [6]. Clinical
studies have demonstrated significant pain reduc-
tion and improved quality of life in patients
undergoing SCS. Similarly, PNS has shown
promise in treating pain syndromes by directly
targeting peripheral nerves, with evidence sup-
porting its efficacy in reducing pain intensity and
improving functional outcomes.

Challenges and Considerations

Preventing nerve injuries in the perioperative set-
ting poses significant challenges. Iatrogenic
nerve injuries can result from direct trauma dur-
ing surgery, compression from improper posi-
tioning, or ischemia due to prolonged tourniquet
use. Implementing preventive measures such as
careful surgical techniques, appropriate patient
positioning, and intraoperative neuromonitoring,
can reduce the incidence of nerve injuries [7].
However, these measures can be difficult to
implement consistently and may involve addi-
tional costs and logistical challenges.

Delayed diagnosis of nerve injuries can lead
to prolonged pain, disability, and poor clinical
outcomes. Early identification and intervention
are crucial for preventing chronic pain syndromes
and facilitating recovery. Delays can occur due to
a lack of awareness among healthcare providers,
variability in the presentation of nerve injuries,
and the absence of definitive diagnostic tests.
Prompt and accurate diagnosis is essential for
initiating appropriate treatment and minimizing
the risk of chronic neuropathic pain.

Intraoperative neuromonitoring involves the
use of electrophysiological techniques to monitor
the functional integrity of neural structures dur-
ing surgery. This can help detect and prevent iat-

rogenic nerve injuries in real time [8].
Intraoperative  neuromonitoring  techniques
include somatosensory evoked potentials

(SSEPs), motor evoked potentials (MEPs), and
electromyography [9]. While intraoperative neu-
romonitoring has been shown to reduce the risk
of nerve injuries, its implementation can be chal-
lenging due to factors such as the cost of equip-
ment, the need for specialized personnel, and the
potential for interference with the surgical field.
Despite these challenges, it remains a valuable
tool for enhancing patient safety during high-risk
surgical procedures.

Future Direction and Research

Drug repurposing involves finding new therapeu-
tic uses for existing medications [10]. This
approach can expedite the availability of treat-
ments for neuropathic pain by leveraging the
known safety profiles of these drugs. Several
medications are currently being investigated for
their potential to alleviate neuropathic pain,
including ketamine, botulinum toxin, and canna-
binoids. Ketamine, an N-methyl-D-aspartate
receptor antagonist, has shown efficacy in treat-
ing refractory neuropathic pain by modulating
glutamatergic transmission and reducing central
sensitization. Botulinum toxin, traditionally used
for muscle spasticity, has been found to alleviate
pain by inhibiting the release of pain mediators
from nerve endings. Cannabinoids, derived from
cannabis, are being explored for their analgesic
properties in neuropathic pain, targeting both
peripheral and central pain pathways.

Clinical trials investigating neuromodulation
for spinal cord injury (SCI) patients are ongoing,
exploring the potential of these techniques to
alleviate pain and improve neurological function
[11]. Studies are also examining the combination
of neuromodulation with regenerative therapies,
such as stem cell transplantation, to further
enhance functional recovery.

Epidural electrical stimulation (EES) is an
emerging therapeutic approach for SCI patients
[11]. EES involves the application of electrical
currents to the spinal cord to facilitate functional
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recovery and pain relief. Recent studies have
demonstrated that EES can promote motor recov-
ery, improve autonomic functions, and reduce
pain in SCI patients. Research is ongoing to
optimize stimulation protocols, understand the
underlying mechanisms, and evaluate long-term
outcomes. EES represents a promising avenue
for enhancing the quality of life and functional
independence of SCI patients.
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Introduction

Advances in perioperative pain management
increasingly focus on minimizing opioid expo-
sure while maintaining effective analgesia.
Rising rates of opioid-related adverse events, par-
ticularly in older adults and patients with multi-
ple comorbidities, underscore the need for safer
pharmacologic strategies. Recent develop-
ments—such as the FDA approval of suzetrigine,
a selective NaV 1.8 inhibitor that delivers targeted
peripheral analgesia without central nervous sys-
tem side effects, and the expanded perioperative
use of buprenorphine, a partial p-opioid receptor
agonist with a ceiling effect on respiratory
depression—represent important steps forward.
Investigational agents like biased p-opioid recep-
tor ligands offer the potential to preserve analge-
sia while further reducing sedation and respiratory
depression, though widespread clinical adoption
is pending.
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This chapter reviews the pharmacologic pro-
files, clinical evidence, and perioperative roles of
these agents, with the goal of informing more
individualized, safer, and evidence-based pain
management pathways.

Background and Current
Understanding

Pain management has evolved from the use of
herbal remedies in ancient civilizations to com-
plex multimodal regimens shaped by pharmaco-
logic innovation, societal change, and clinical
observation. Opioids remain a cornerstone for
moderate-to-severe perioperative pain but are
increasingly limited by risks of sedation, respira-
tory depression, tolerance, and dependence. In
older adults, these adverse effects can be particu-
larly pronounced, with sedation adding to fall
risk and postoperative delirium. Nonopioid
agents—such as nonsteroidal antiinflammatory
drugs (NSAIDs) and acetaminophen—are effec-
tive in many contexts and have favorable safety
profiles, but they may not provide sufficient anal-
gesia for high-intensity surgical pain.

The limitations of traditional options have
prompted the search for analgesics that maintain
efficacy while reducing harm. Buprenorphine,
widely used in opioid use disorder and chronic
pain management, offers sustained analgesia
with a lower risk of respiratory compromise [1,
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2]. Suzetrigine, recently FDA-approved, provides
peripherally selective sodium channel blockade,
potentially avoiding central opioid-related side
effects altogether [3]. Biased p-opioid receptor
ligands, though still investigational, aim to
selectively activate G-protein signaling while
minimizing p-arrestin—mediated adverse events
[4]. Together, these agents represent a shift
toward mechanism-driven, opioid-sparing strate-
gies in perioperative care.

Understanding the pharmacologic properties
of these emerging agents is essential before con-
sidering their clinical application. The following
section reviews the mechanisms of action, phar-
macokinetic profiles, and dosing parameters for
suzetrigine, buprenorphine, and oliceridine, pro-
viding a foundation for interpreting subsequent
clinical evidence.

Pharmacology: Suzetrigine,
Buprenorphine, and Oliceridine

Suzetrigine (Journavx, VX548):
NaV1.8 Inhibitor

Mechanism of Action

Suzetrigine is a peripherally acting, selective
NaV1.8 voltage-gated sodium channel inhibitor.
NaV1.8 channels are expressed predominantly in
nociceptive sensory neurons, where they play a
key role in pain signal transmission [5]. By selec-
tively blocking these channels, suzetrigine
reduces nociceptive signaling without affecting
motor or central nervous system sodium chan-
nels, thereby avoiding sedation, respiratory
depression, and addiction risk associated with
p-opioid receptor activation [5]. It is approved by
the Food and Drug Administration to treat
moderate-to-severe acute pain in adults with up
to 14 days of treatment [6, 7].

Pharmacokinetics

* Onset of Action: ~2 h (oral) [8].

e Maximum Concentration/Time to Reach
Maximum  Concentration (Tmax/Cmax:):

Reached within 2—4 h after a 100 milligram
(mg) loading dose (0.62 micrograms per mil-
liliter) [8]
* Duration of Action: ~12 h; dosed every 12 h
for continued effect
*  Metabolism/Elimination: Hepatically metabo-
lized via cytochrome P (CYP) 3A; avoid use
with strong CYP3A inhibitors (e.g., ketocon-
azole, grapefruit juice) [8]
* Dosing Recommendations:
— Loading dose: 100 mg orally once (fasted)
— Maintenance: 50 mg every 12 h
— May reduce to 50 mg once daily after 4
doses if needed
— FDA-approved only for short-term use
(<14 days) [8]

Clinical Summary

Suzetrigine offers an opioid-sparing analgesic
option for postoperative patients, particularly
those at risk for respiratory depression or central
side effects. Its peripherally selective action
makes it attractive for elderly and medically
complex patients, though its role is currently lim-
ited to short-term pain control [7-9].

Buprenorphine: Partial p-Opioid
Receptor Agonist/k-Antagonist

Mechanism of Action

Buprenorphine is a high-affinity partial agonist at
the p-opioid receptor and antagonist at the
k-opioid receptor. This profile provides potent
analgesia with a ceiling effect on respiratory
depression, reducing overdose risk [10]. Its slow
dissociation from p-receptors and long elimina-
tion half-life prolong analgesic duration.
Antagonism at K-receptors may also contribute to
mood stabilization and reduction of dysphoria
and thereby reduce the risk of misuse compared
to full agonists. Buprenorphine’s high receptor
affinity can competitively block full p-opioid
agonists, necessitating careful perioperative opi-
oid planning (Fig. 30.1).
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Fig. 30.1 Mechanism of action for buprenorphine [21]. (Originally published by and used with permission from Dove
Medical Press Ltd) [11]

Pharmacokinetics

Onset:

— Sublingual (SL): ~30 min

— Transdermal: ~12-24 h (transdermal)

— IV/IM: ~15 min

Peak Bioavailability with Oral/Transdermal:

Up to 65% (buccal), 100% (transdermal)

Tmax/Cmax:

— Sublingual: Tmax ~45 min, Cmax levels
consistent with effective analgesia

— Intravenous  (IV)/intramuscular
Cmax ~14 nanograms/mL at ~4 h

Half-life: Elimination half-life averages 37 h

(range 20-70 h)

Duration: Up to 24 h of analgesia per dose

Metabolism: Primarily hepatic via CYP3A4

and CYP2C8 to norbuprenorphine; norbu-

prenorphine undergoes glucuronidation by

UDP-glucuronosyltransferases (UGT);

excreted in bile and urine

Dosing:

— Sublingual film: 75 micrograms (mcg), 150
mcg, 300 mcg, 450 mcg, 600 mcg, 750
mcg, and 900 mcg doses for chronic pain/
sublingual maintenance. Frequency: every
8-12h

— Sublingual tablets: 2 mg and 8 mg
strengths, available in combination with

(IM):

naloxone, 0.5 and 2 mg respectively, (sub-
oxone = buprenorphine with naloxone in 4
to 1 ratio)

— Transdermal patch: 5 mcg/h, 7.5 meg/h, 10
mcg/h, 15 mcg/h, and 20 mcg/h doses,
comes as extended release, replaced every
7 days

— IV/IM (acute pain): 0.3 mg/mL injection
solution for IM use. Titrate cautiously;
consider existing formulation strengths and
patient tolerance

— Other parenteral: 100 mg/0.5 mL and
300 mg/1.5 mL-extended-release subcuta-
neous injection [2, 12, 12]

e Perioperative dosing guidance—Kohan et al.

[13]

— <4 mg/day sublingual: Continue without
dose change; supplemental opioids are
usually effective at standard doses

— 4-12 mg/day: Continue; consider dividing
total daily dose into 2—3 doses for improved
analgesic coverage

— >12 mg/day: Continue; if high analgesic
needs are anticipated, reduce to 12—-16 mg/
day 2-3 days preoperatively or split into
3—4 doses daily

— Acute postoperative pain: Supplement with
high-affinity full p-opioid agonists (e.g.,
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hydromorphone, fentanyl); anticipate
higher opioid requirements due to receptor
competition

— Multimodal analgesia: Strongly recom-
mended—incorporate regional anesthesia,
acetaminophen, NSAIDs, gabapentinoids,
ketamine, and other adjuvants when
possible

* Key Clinical Considerations:

— High p-receptor affinity may diminish the
analgesic effect of concurrently adminis-
tered full opioid agonists.

— Dividing the buprenorphine dose can
improve its shorter-duration analgesic
component without compromising stability
in patients with opioid use disorder (OUD).

— Routine perioperative discontinuation is
discouraged due to increased risk of with-
drawal, uncontrolled pain, and OUD
relapse.

— Sedation remains a potential concern in
older adults, especially when combined
with other CNS depressants.

Clinical Summary

Buprenorphine offers safe and prolonged analge-
sia for patients with opioid tolerance, OUD, or
chronic pain, with lower risk of respiratory com-
promise. For most patients, particularly those on
<16 mg/day, perioperative continuation of
buprenorphine with a multimodal analgesic
approach provides safe, stable pain control while
mitigating withdrawal and relapse risk. Its high
p-receptor affinity and unique pharmacology
necessitate thoughtful perioperative planning,
including strategies to address receptor competi-
tion. Supplemental opioids, if required, should be
carefully selected and monitored [1, 12, 13].

Oliceridine (Olinvyk, TRV130):
G-Protein Biased p-Opioid Receptor
Agonist

Mechanism of Action

Oliceridine is a p-opioid receptor agonist that
preferentially activates the G-protein signaling
pathway over the B-arrestin 2 pathway. Activation

of the G-protein pathway reduces neuronal excit-
ability, producing potent analgesia. The biased
signaling profile reduces recruitment of f-arrestin
2, which is implicated in opioid-related adverse
effects such as respiratory depression, constipa-
tion, and tolerance [4]. Additionally, reduced
B-arrestin activation appears to limit Toll-like
receptor 4 (TLR4) activation in microglial cells,
thereby decreasing neuroinflammation and
potentially lowering the incidence of neurocogni-
tive side effects compared with traditional opi-
oids [14]. While this mechanistic bias is
associated with an improved safety profile, the
exact molecular basis for reduced adverse effects
remains incompletely understood.

Pharmacokinetics

e Onset of Action: Rapid—within 1-2 min post
IV administration

e Tmax/Cmax: Tmax ~2 min post-IV dose;

rapid  attainment of peak  plasma
concentration

* Duration: Analgesic effects last approxi-
mately 3—4 h

*  Metabolism/Elimination: Primarily hepatic
oxidation and glucuronidation via CYP3A4
and CYP2D6; metabolites excreted renally
and hepatobiliary

e Dosing Recommendations:

— Initial: 1.5 mg IV bolus

— Supplemental: 0.1-0.5 mg IV as needed

— Max:27mgin24h

— Restricted to hospital use for acute pain
when alternatives are inadequate [4, 14, 15]

Clinical Summary

Oliceridine offers potent I'V analgesia with poten-
tially fewer respiratory and gastrointestinal side
effects than conventional p-opioid agonists, mak-
ing it a valuable hospital-based analgesic for
moderate-to-severe acute pain. It was FDA
approved on August 7, 2020, for intravenous use
in hospitals or monitored clinical settings only
[16]. Its short duration of action necessitates
careful titration and monitoring, particularly in
patients with high analgesic needs [4, 14]
(Table 30.1).
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Table 30.1 Pharmacokinetic and mechanistic profiles of newer perioperative analgesics

Feature Suzetrigine Buprenorphine Oliceridine

Mechanism of Selective NaV1.8 High-affinity partial p-opioid G-protein biased p-opioid

action channel inhibitor; receptor agonist; K-antagonist; receptor agonist; reduces
blocks peripheral ceiling effect on respiratory B-arrestin 2 recruitment and
nociceptive signaling depression; displaces full p-agonists TLR4 activation, lowering
without CNS or respiratory and
motor side effects neuroinflammatory risk

Onset ~2 h (oral) ~30 min (SL), ~15 min (IV/IM) 1-2 min (IV)

Tmax/Cmax 2—4 h post-dose SL ~45 min; IV Cmax ~14 ng/mL at Tmax ~2 min; Cmax in minutes

~4 h after IV bolus

Half-life Data limited; dosing ~ Avg ~37 h (range 20-70 h) ~3—-4h
supports 12 h
intervals

Duration ~12 h per dose Up to 24 h per dose 3—4 h per dose

Metabolism CYP3A; avoid strong CYP3A4/2C8; glucuronidation via  Hepatic oxidation and
CYP3A inhibitors UGTs; biliary and renal excretion glucuronidation; renal and
(e.g., grapefruit juice) biliary excretion

Dosing 100 mg oral load, SL 0.15-0.8 mg; transdermal q7 Initial 1.5 mg IV bolus;

then 50 mg q12h
(max 14 days)
FDA-approved for
short-term use in
moderate—severe
acute pain; avoids
opioid receptor
pathways

Continue per standard
short-course dosing;
not used chronically

Clinical use notes

competition

Perioperative
dosing
recommendations

days; IV/IM for acute pain

Preferred to continue perioperatively
for <16 mg/day; multimodal
analgesia essential; plan for receptor

<4 mg/day: Continue unchanged;
4-12 mg/day: continue, divide into
2-3 doses; >12 mg/day: Continue,
consider reducing to 12—16 mg/day

0.1-0.5 mg PRN; max 27 mg/
day

FDA-approved Aug 7, 2020, for
IV use in hospital/monitored
settings only; titrate for acute
pain; monitor closely

Hospital or monitored setting
only; titrate to effect for acute
postoperative pain; no outpatient
use

or divide into 3—4 doses; supplement
with high-affinity opioids if needed

SL sublingual, /V intravenous, & hours

Clinical Applications
and Techniques

Suzetrigine (Journavx™, VX-548):
NaV1.8 Inhibitor

Suzetrigine is a first-in-class, FDA-approved
NaV1.8 channel inhibitor indicated for the treat-
ment of acute postoperative pain in adults. The
FDA-approved suzetrigine in January 2025,
making it the first NaV1.8-targeting analgesic
available for clinical use. By selectively targeting
voltage-gated sodium channels on peripheral
nociceptors, it attenuates pain signal propagation
without engaging central p-opioid pathways,

thereby avoiding common opioid-related adverse
effects such as sedation, respiratory depression,
and constipation.

Evidence Base: Phase 3 randomized trials in
abdominoplasty and bunionectomy models
have demonstrated significant pain score
reductions and opioid-sparing benefits with a
favorable safety profile [17].

Clinical Role: Particularly valuable for opioid-
naive surgical patients, those at high risk for
opioid-induced side effects, and as a core
component of opioid-sparing multimodal
perioperative pain protocols [7, 9].
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Technique and Administration

¢ Initiate with 100 mg oral loading dose (fasted)

» Follow with 50 mg every 12 h

* Reduce to 50 mg once daily after four doses if
needed

* Limit to </4 days per FDA guidelines

* Avoid with strong CYP3A inhibitors (e.g.,
grapefruit juice) [8]

Buprenorphine: Partial
p-Agonist/k-Antagonist

Buprenorphine’s high p-receptor affinity, partial
agonism, and k-antagonism provide potent, long-
acting analgesia with a ceiling effect on respira-
tory depression, making it a key agent for
perioperative management of patients with
chronic pain, opioid tolerance, or opioid use dis-
order (OUD).

Continuation Versus Initiation

* Continuation: For most surgical patients—
especially those on <16 mg/day—periopera-
tive continuation is preferred to avoid
withdrawal, destabilized pain control, and
relapse risk [18].

 [nitiation: In OUD patients requiring surgery,
buprenorphine may be initiated periopera-
tively to stabilize analgesia and prevent opioid
misuse relapse [19].

According to the University of California, San
Francisco medical center, dosage of buprenor-
phine can be continued at the maintenance dose
or adjusted depending on the pain levels of the
patient as well as the requirements of the
surgery.

Perioperative Dosing Techniques [13]

* <4 mg/day SL: Continue unchanged; supple-
mental opioids generally effective

e 4-12 mg/day SL: Continue; consider splitting
into 2-3 doses/day for enhanced perioperative
coverage

e >]2 mg/day SL: Continue; consider reducing
to 12-16 mg/day 2-3 days preop or divide into
3—4 doses/day.

Supplementation: High-affinity opioids (hydro-
morphone, fentanyl) if needed, combined with
multimodal agents (acetaminophen, NSAIDs,
gabapentinoids, ketamine, regional
anesthesia).

Receptor Affinity Note: Due to its high p-receptor
binding, buprenorphine may blunt the effects
of full agonists; plan supplemental analgesia
accordingly.

Oliceridine (Olinvyk’): G-Protein
Biased p-Opioid Agonist

Oliceridine is a p-opioid receptor agonist with
preferential activation of the G-protein pathway
over the p-arrestin pathway, aiming to maintain
potent analgesia while mitigating common
opioid-related adverse effects. Reduced p-arrestin
recruitment is associated with lower rates of
respiratory depression, constipation, and toler-
ance, and decreased Toll-like receptor 4 activa-
tion in microglia may contribute to reduced
neuroinflammation.

Evidence Base: Phase 3 trials demonstrated
effective analgesia with lower incidence of
sedation and respiratory compromise com-
pared with morphine, though adverse effects
remain possible [4].

Clinical Role: Short-term use in monitored inpa-
tient settings where rapid-onset analgesia is
needed and minimization of opioid-related
side effects is a priority. Current use, mostly in
clinical trials.

Technique and Administration

e Initial dose: 1.5 mg IV bolus

* Supplemental: 0.1-0.5 mg as needed

e Maximum: 27 mg in 24 h

* Monitor for respiratory depression, particu-
larly in older adults and those with comorbidi-
ties [15]

Summary of Clinical Use Patterns

* Sugzetrigine: Opioid-sparing, peripherally act-
ing analgesic; ideal for acute postoperative
pain in opioid-naive or high-risk patients.
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* Buprenorphine: Continue perioperatively for
most patients; may initiate in OUD patients;
tailor dosing to pain intensity and surgical
complexity.

» Oliceridine: Hospital-only IV opioid option
with rapid onset and potentially fewer adverse
effects than traditional opioids; best for closely
monitored acute pain management.

Evidence-Based Practices

Optimizing perioperative pain management with
newer pharmacologic agents requires integrating
the best available evidence with patient-specific fac-
tors, surgical context, and institutional protocols.

Suzetrigine (VX-548)

* Phase 3 Randomized Controlled Trials: In
abdominoplasty and bunionectomy popula-
tions, suzetrigine significantly reduced
numeric pain scores and opioid consumption
compared with placebo, with a tolerability
profile similar to non-opioid comparators [7].

* Safety: Across trials, no signal of respiratory
depression or CNS impairment was observed,
underscoring its role in opioid-sparing proto-
cols for acute postoperative pain.

* Guideline Positioning: While formal guide-
line integration is pending, emerging consen-
sus supports its inclusion in multimodal
analgesia, especially in opioid-naive or
opioid-sensitive patients.

Buprenorphine

* Continuation Benefits: Multisociety expert
consensus [13] supports continuing buprenor-
phine perioperatively for most patients, par-
ticularly those on <16 mg/day, to maintain
receptor stability, avoid withdrawal, and
reduce relapse risk [13].

* Dose Adjustment Strategies: Evidence sup-
ports splitting higher daily doses into multiple
administrations to optimize receptor availabil-
ity for supplemental analgesics.

 [nitiation in OUD: Perioperative initiation in
untreated OUD patients improves pain control
and reduces postoperative opioid misuse risk.

* Safety: Ceiling effect on respiratory depres-
sion provides safety margin, but vigilance for
sedation—especially in older adults—is
warranted.

Oliceridine (Olinvyk’)

e Efficacy Data: Phase 3 trials in orthopedic
and abdominal surgeries demonstrated rapid
analgesia onset (<2 min post-IV bolus) and
effective pain control with fewer respiratory
safety events compared to morphine,
although overall opioid-related adverse
effects were still present [14]. Clinical data
also suggest a reduced risk of sedation and
gastrointestinal side effects, supporting its
role as a hospital-based analgesic for moni-
tored use only.

¢ In arecent randomized controlled trial, Dahan
et al. evaluated neurocognitive outcomes
using a “utility function” approach (probabil-
ity of benefit minus probability of harm) based
on saccadic peak velocity (marker of sedation)
and body sway (marker of motor instability).
Within clinical concentration ranges, oliceri-
dine demonstrated a positive utility score for
both  measures, indicating  preserved
neurocognitive performance, while mor-
phine’s utility ranged from zero to negative.

e Approved Use and Limitations: Oliceridine is
FDA-approved (August 7, 2020) for intrave-
nous use in hospitals or monitored clinical
settings only. It is not recommended for out-
patient or chronic pain use and should be
reserved for cases requiring rapid-onset IV
opioid therapy with close monitoring.
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Key Principles for Practice Integration

1. Match Mechanism to Patient Profile:

(a) Use suzetrigine for opioid-naive or
opioid-sensitive patients requiring short-
term, peripherally acting analgesia.

(b) Continue buprenorphine in OUD/chronic
pain patients; initiate if indicated in
untreated OUD  during  surgical
admission.

(c) Reserve oliceridine for monitored inpa-
tient use when rapid-onset IV opioid
analgesia is required.

2. Adopt a Multimodal Analgesic Approach:

(a) Combine newer agents with acetamino-
phen, NSAIDs, gabapentinoids, NMDA
antagonists, and regional anesthesia to
maximize efficacy and minimize opioid
load.

3. Plan for Transitions of Care:

(a) Develop perioperative-to-postdischarge
analgesia plans that account for each
agent’s pharmacokinetics, dosing limita-
tions, and regulatory constraints.

While the clinical evidence for suzetrigine,
buprenorphine, and oliceridine highlights
meaningful advances in efficacy and safety,
translating these findings into routine periop-
erative care requires careful consideration of
real-world challenges. Patient variability, the
evolving opioid crisis, and the limitations of
existing analgesic strategies all influence
how—and in whom—these agents should be
used.

Challenges and Considerations

The urgency for new directions in pain manage-
ment is underscored by the limitations and unin-
tended consequences of current analgesic
strategies. Foremost among these is the ongoing
opioid crisis, which began in the United States in
the mid-1990s and has claimed more than
500,000 lives over the past two decades [20].
Multiple factors—including socioeconomic pres-
sures, prescribing practices, and limited avail-

ability of effective non-opioid analgesics—have
contributed to this crisis.

Another complicating factor in pain manage-
ment is the subjective and personal experience of
pain itself. Demographic, genetic, and psychoso-
cial variables each play a role in our perception of
pain. A biological example of this concept would
be the varying haplotypes of the gene encoding
catechol-O-methyl-transferase (COMT) [21], an
enzyme responsible for the metabolism of cate-
cholamines. COMT has been linked to pain-
related mu-opioid receptor binding in the central
nervous system [22], as well as global pain sensi-
tivity [23]. Differences in the expression of
COMT among the population are one of many
examples that highlight the challenging nature of
pain perception.

Age further shapes analgesic decision-making.
Geriatric patients, increasingly common in peri-
operative practice due to rising life expectancy,
often present with multiple comorbidities that
complicate dosing and increase vulnerability to
adverse effects [24]. Sedation—particularly from
opioids—can increase the risk of falls, delirium,
and prolonged hospitalization in older adults,
reinforcing the value of opioid-sparing or selec-
tively targeted agents such as suzetrigine and
investigational biased opioid ligands. At the other
end of the age spectrum, pediatric pain manage-
ment is challenged by the difficulty of accurately
assessing pain, which can result in underestima-
tion and undertreatment [25]. These patient-
specific considerations underscore the need for
individualized, evidence-based approaches that
integrate novel pharmacologic options into mul-
timodal analgesic plans.

Case Studies or Clinical Scenarios

Real-world experiences highlight the clinical
implications of continuing versus discontinuing
novel analgesics in the perioperative setting. A case
published in Journal of Pain & Palliative Care
Pharmacotherapy illustrates  buprenorphine’s
potential advantages over full p-opioid agonists for
both chronic and perioperative pain control [26].
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Two years later, he underwent right total knee
arthroplasty. Buprenorphine was discontinued on
the day of surgery (rather than the more tradi-
tional 48-72 h prior), and the patient reported
satisfactory pain control during hospitalization.
In contrast, when he underwent left total knee
arthroplasty after being switched to hydroco-
done/acetaminophen (10 mg/325 mg, eight tab-
lets daily), he experienced poorly controlled
postoperative pain despite higher morphine-
equivalent dosing. This case underscores the
potential benefits of perioperative buprenorphine
continuation, as supported by recent expert con-
sensus guidelines.

Future Directions and Research

Opioid-sparing strategies—such as Enhanced
Recovery After Surgery (ERAS) protocols and
multimodal ~ analgesia—have  substantially
reduced perioperative opioid exposure and asso-
ciated adverse events. Future advances will likely
build on these frameworks by incorporating novel
agents like suzetrigine, buprenorphine, and
biased p-opioid receptor ligands into individual-
ized, evidence-based regimens [27]. Future
advances will likely build on these frameworks
by incorporating novel agents like suzetrigine,
buprenorphine, and biased p-opioid receptor
ligands into individualized, evidence-based regi-
mens [28].

Suzetrigine, FDA-approved in January 2025
as the first NaV1.8-targeting analgesic, offers
peripheral nociceptive blockade without the
sedation, respiratory depression, or dependency
risk associated with opioids. Ongoing research
will clarify its role beyond initial postoperative
applications, including in high-risk populations
such as the elderly.

Buprenorphine continues to gain traction in
perioperative planning for patients with opioid
tolerance, chronic pain, or opioid use disorder.
Ongoing studies are exploring its use in transi-
tioning patients from full opioid agonists to par-
tial  agonist/antagonist therapy, including
buprenorphine/naltrexone combinations, though

optimal dosing and initiation protocols require
further investigation [2].

Biased p-opioid receptor ligands like oliceri-
dine hold promise for delivering potent analgesia
with fewer respiratory and cognitive side effects.
Howeyver, their use remains limited to monitored
inpatient settings, and additional Phase 4 safety
data are needed to support broader adoption.

Finally, advances in pharmacogenomics may
enable analgesic regimens tailored to individual
genetic profiles, accounting for variations in
metabolism, receptor binding, and pain sensitiv-
ity. Further research in this area could allow truly
personalized perioperative pain management
strategies that optimize efficacy while minimiz-
ing risk [29].

Conclusion

As the field moves toward more individualized,
multimodal approaches, integrating emerging
pharmacologic agents with established protocols
will be key to achieving effective analgesia while
minimizing harm—setting the stage for the next
evolution in perioperative pain management.
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Introduction

In the evolving landscape of perioperative pain
management, this chapter explores the transfor-
mative impact of new technologies as innovative
alternatives to traditional pharmacotherapy and
invasive procedures. From preoperative prepara-
tion to postoperative care, this chapter delves into
cutting-edge advancements that have the poten-
tial to enhance patient outcomes and reduce the
drawbacks associated with conventional pain
management strategies. Through the lens of
diverse technological modalities, ranging from
wearable devices to neurostimulation and virtual
reality (VR), we examine the potential role these
interventions have in alleviating perioperative
pain. By elucidating the multifaceted applica-
tions of these technologies in various settings,
this chapter aims to contribute valuable insights
to the evolving landscape of perioperative care.
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Background and Information

Device utilization for pain management can be
traced back to the Roman physician Scribonius
Largus in 153 AD [1]. Largus recognized the
analgesic properties of electrical current when
patients, suffering from acute gout attacks,
immersed themselves in the sea alongside elec-
tric black torpedo fish resulting in quick resolu-
tion of pain [1]. The American scientist Benjamin
Franklin built on this foundation by employing
electrical therapy to alleviate the suffering of
individuals grappling with palsies and paralysis
[2]. However, it was the groundbreaking work of
American neurosurgeon Clyde Norman Shealy in
the 1970s that marked a transformative milestone
in the evolution of pain management technolo-
gies. Shealy’s ingenuity led to the development
and subsequent refinement of the transcutaneous
electrical nerve stimulation (TENS) unit, a semi-
nal invention that paved the way for a diverse
array of innovative devices tailored to address
both acute and chronic pain [3].

This field of technologies has expanded into a
myriad of shapes, forms, and sizes, with some
already integrated into clinical practices while
others remain in early clinical trials. Among
those utilizing techniques that precisely target
acute pain at its source include peripheral nerve

stimulation, noninvasive brain stimulation
devices, and high-frequency focused ultrasound.
Beyond these neuro-targeted approaches,
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psychological and biofeedback-based methods,
including virtual reality, wearable devices such
as Apple Watches, and health applications, have
demonstrated promising potential as comple-
mentary tools in the intricate management of
pain. The ongoing exploration and integration of
these diverse technologies underscore the
dynamic and ever-evolving nature of pain man-
agement modalities, highlighting the shift toward
personalized, safe, and minimally/noninvasive
approaches to perioperative pain management.

Clinical Applications
and Techniques

Wearable Technologies

In perioperative pain management, the develop-
ment of everyday wearable technology has ush-
ered in a new era of personalized, data-driven
care. Such examples include Apple™ watch and
Fitbit©, which provide a noninvasive means to
continuously monitor heart rate variability, offer-
ing insight into patients’ physiological responses
to stress and pain [4, 5]. The seamless collection
of biofeedback data presents an opportunity for
both physicians to tailor pain management strate-
gies based on individualized needs, as well as
patients themselves to evaluate their self-
management of pain by controlling their physio-
logical parameters through breathing exercises,
improving sleep, and increasing activity. On
another front, devices like Quell™, a calf-worn
stimulator designed for individuals with fibromy-
algia, exemplify the potential for multiple use
cases seen with wearable technology [6]. Not
only does Quell utilize electrical pulsations to
alleviate fibromyalgia pain acutely, but it also
captures crucial data on treatment utilization,
sleep quality, and pain severity for fine tuning of
treatment [7]. The benefits of such wearable tech-
nologies lie in their capacity to provide real-time
information to both healthcare providers and
patients, leading to further personalization of
care, insights into treatment response, and higher
patient satisfaction.

Virtual Reality

Advancements in virtual reality (VR), exempli-
fied by META’s Quest™ and Apple’s Vision
Pro™, have spurred extensive exploration in
practical use cases for the technology including
its efficacy in managing pain and anxiety in the
perioperative setting. Ongoing research has
shown that VR can be utilized as a cost-effective,
feasible way to help reduce preoperative anxiety
and reduce sedative administration by providing
enhanced educational experiences about the sur-
gical process and utilizing distractive techniques
during the preoperative period [8, 9]. In a similar
fashion, VR has demonstrated positive effects in
minimizing pain while reducing opioid reliance
in the postoperative period [10]. The aforemen-
tioned benefits result in improved efficiency,
reduction in sedation-related adverse events,
decreased hospital expenses, and overall
improved patient satisfaction [8—10].

Applications

Proliferation of mobile applications designed to
facilitate pain management can be attributed to
their potential capacity to curtail healthcare costs,
diminish complication rates, and elevate both
patient and clinician satisfaction. Notable appli-
cations like the Panda App™, Lumina™ and
Branch Health™ empower users to monitor pain,
mood, sleep, and daily medication usage, with
built-in reminders [11, 12]. The collected data is
seamlessly transmitted to healthcare providers,
enabling ongoing monitoring and personalized
adjustments. Other applications such as Calm™
and Headspace™ target the psychological dimen-
sions of chronic pain. By leveraging mindfulness
meditation techniques, these apps aim to mitigate
perceived pain and alleviate detrimental psycho-
logical features, including depression and pain
catastrophizing [13]. Physicians and researchers
find particular encouragement in the cost-
effectiveness of these technologies, leveraging
the widespread accessibility of smartphones
among the general population.
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Noninvasive Brain Stimulation

Research in noninvasive brain stimulation (nIBS)
has intensified in recent years, focusing on its
potential to modulate pain perception within the
CNS by delivering electrical current to specific
regions of the brain. Techniques like transcranial
direct current stimulation (tDCS) and transcra-
nial alternating current stimulation (tACS) utilize
different characteristics of electrical current to
achieve the aforementioned goal of reducing per-
ceived pain (Fig. 31.1) [14-16]. In caveat, nonin-
vasive vagus nerve stimulation (nVNS) differs in
that it indirectly alters the central nervous system
by way of direct vagus nerve stimulation. For
example, trans-auricular vagus nerve stimulation
(taVNS) utilizes electrodes placed at the tragus
of the ear to stimulate the vagus nerve [17, 18],
while trans-cervical vagus nerve stimulation
(tcVNS) achieves a similar result but at the level
of the neck [19]. nVNS devices have shown
promise in their ability to modulate areas of the
brain, effecting changes in perceived pain and
anxiety. Lastly, repetitive transcranial magnetic
stimulation (rTMS) employs electromagnetic
current to generate neuronal changes directly
within the CNS, ultimately resulting in analgesia
and anxiolysis (Fig. 31.1) [20]. In addition to its
ability to target deeper cortical regions relative to
other therapies described above, recent advances
in the technology have allowed the device to be
more portable and user friendly, increasing its
ability to be utilized in a perioperative or home-
based setting. Overall, nIBS devices have shown
promise in reducing pain in a variety of acute and
chronic conditions, with broad applications for
the perioperative period [14, 15, 17, 20].

Peripheral Nerve Stimulation

Peripheral nerve stimulation (PNS) can be used
to target localized postoperative and acute pain,
as opposed to targeting the CNS. The gate control
theory of pain posits a mechanism by which
direct electrical stimulation of the peripheral ner-
vous system activates inhibitory neural pathways
within the spinal cord, thus reducing transmis-

sion of pain signals to the brain [21, 22]. Studies
have shown that implanted electrodes, also called
peripheral nerve stimulators, can lead to
decreased postoperative pain, reduced postopera-
tive opioids and longer lasting analgesia without
affecting motor function, as seen with traditional
anesthetic blocks [21]. Another form of PNS
includes percutaneous electrical nerve stimula-
tion (PENS) or electroacupuncture (EA), which
involves percutaneously inserted needles attached
to electrical stimulation to produce a neuromodu-
latory response. Transcutaneous electrical nerve
stimulation devices (TENS) are similar in effect
without the need for needle sticks or invasive pro-
cedures, though potentially less potent. By trans-
cutaneous administration of low-intensity,
high-frequency, and small-pulse electrical waves,
studies have shown reductions in postsurgical
pain and increased therapy and rehabilitation
engagement [23]. Similarly, noninvasive mag-
netic peripheral nerve stimulation (mPNS)
devices, like Neuralace™, derived from rTMS
but acting at the periphery, have shown promise
in modulating pain and curtailing opioid use in
the postoperative period [24].

Therapeutic Ultrasound

High-intensity focused ultrasound (HIFUS) har-
nesses high-energy, concentrated ultrasound
waves in order to ablate nerves identified as dam-
aged or persistently overactive, thereby diminish-
ing the propagation of pain signals from the PNS
to the CNS [25]. The technology works by induc-
ing both thermal and mechanical damage via the
cavitation effect to desired neuronal tissues.
Current studies have shown its efficacy in treat-
ing palliative cancer pain and other chronic pain
conditions such as chronic neuropathic pain and
osteoarthritic pain resulting in a reduction of
overall systemic opioid use [25, 26]. However,
few studies have investigated its role in the peri-
operative pain setting directly. Transcranial
focused ultrasound (tFUS) can also modulate
neural activity through facilitation or suppression
without an ablative effect, much like other forms
of nIBS, and can stimulate deep structures of the
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Fig. 31.1 Noninvasive brain stimulation technologies
used for pain. (a) Dr. Patterson demonstrates the utiliza-
tion of the Alpha-Stim™ cranial electrotherapy stimula-
tion (CES) device, which employs self-delivered
transcranial alternating current stimulation (tACS) to
reduce anxiety, insomnia, depression, and pain. The
device is low-risk, portable, noninvasive, and can be uti-
lized in a variety of settings. (b) Dr. Woodbury demon-

brain [27]. Given HIFUS’s analgesic effects,
noninvasiveness, and absence of nonionizing
radiation, it remains a useful tool in the chronic
pain setting, but also a promising technology for
potential utilization in the perioperative period.

Evidence-Based Practices
Perioperative VR

Currently, there are a multitude of ongoing inves-
tigations regarding the benefits of VR in the peri-
operative setting. We will highlight only two
recent publications, noting that this is a rapidly
expanding field of research. At Oregon Health &
Sciences University, the department of otolaryn-
gology used VR to specifically assess its efficacy
in postoperative pain management of patients
after undergoing head and neck surgery [28].
Twenty-nine patients who rated their pain score

strates the placement of a repetitive transcranial magnetic
stimulation (rTMS) coil over Dr. Patterson’s skull to
deliver an electromagnetic current, targeting deep brain
structures such as the left motor cortex or dorsolateral pre-
frontal cortex to reduce pain. Magnetic stimulation can
also be applied to peripheral nerves to reduce pain through
a noninvasive, neuromodulatory effect

at least three out of ten were randomized into
either the 3D VR treatment group using an Oculus
Quest™ or the control group using a 2D smart-
phone. The intervention involved participants
undergoing a 15-minute gaming experience on
their respective devices, with changes in pain
score, quantified by an 11-point numeric rating
scale taken before and after surgery, being evalu-
ated as the primary outcome. In addition, changes
in opioid use and patient satisfaction were evalu-
ated as the secondary outcomes. When compared
to the control group, patients utilizing VR had a
clinically meaningful reduction in self-reported
postoperative pain at one-, two-, three-, and four-
hour post-intervention checks. Additionally, at
four- and eight-hour postintervention, the VR
group had a meaningful reduction in opioid use
by 9.10 MME and 14.00 MME, respectively,
when compared to the control group [28]. These
findings further support the use of VR in pain
management in the perioperative setting.
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A clinical study conducted in Seoul, South
Korea, aimed to assess the efficacy of VR in
reducing perioperative anxiety among children
undergoing elective procedures [29]. Sixty-nine
children were divided into either the intervention
group, where they viewed a brief video via VR
featuring the popular animated penguin charac-
ter, Pororo, that provided surgical information, or
the control group, which received conventional
information about the surgery without using VR
[29, 30]. Anxiety levels for all participants were
measured using the Yale Preoperative Anxiety
Scale (m-YPAS) before entering the operating
room. The study revealed significantly lower
m-YPAS scores in the VR group compared to the
control group (median 31.7 vs. 51.7, respectively;
P < 0.001). Consequently, the researchers con-
cluded that VR serves as an effective tool for alle-
viating perioperative anxiety among adolescents
undergoing elective procedures [29].

Apps

As discussed earlier, mobile health applications
are becoming a more commonly used tool in the
perioperative setting. Another app often utilized
by patients is The Patient Journey App™.

It allows individuals with musculoskeletal dis-
orders to receive a comprehensive conveyance of
information regarding their operations, from pre-
operative medical instructions to the postopera-
tive rehabilitation process [31]. A recent
cross-sectional study evaluated questionnaires to
over 526 users, and concluded that the vast
majority found the application extremely usable,
informative, and a presentable tool for those suf-
fering from MSK disorders [31]. Yet another
example of how mobile apps can improve multi-
ple processes within the perioperative setting is
CommunicatOR™, The application, developed
by anesthesiologists at Thomas Jefferson
University Hospital, allows non-native English
speakers the ability to communicate with provid-
ers in the operating room [32]. The application
translates commonly used phrases, such as “open
your eyes” to the patient’s preferred language.
When surveyed about the experience of the app,

88% of the participants felt more relaxed when
receiving information in their native language
[32]. As there is robust literature on the effects of
relaxation on reduced postoperative pain [33],
the use of applications in the perioperative envi-
ronment may be associated with improved pain
outcomes.

TENS

A 2003 meta-analysis of twenty-one RCTs stud-
ied the effectiveness of TENS in controlling acute
postoperative pain and lowering opioid consump-
tion in patients [38]. Data showed that TENS
usage was effective in alleviating pain at both
immediate and 24-hour postoperative periods in
addition to showing a significant reduction in
opioid consumption of 26.5% when compared to
the control group [38]. Given that postoperative
pain and increased postoperative opioid con-
sumption contribute to poorer patient outcomes
and longer hospital stays, the implementation of
effective solutions is needed [37]. Given the
robust data for postoperative pain, portability,
cost-effectiveness, and ease of use of TENS units,
it is surprising that the use of the device in post-
operative settings has not been more widely
implemented. While there may be concerns with
TENS and other electrical stimulation devices in
the context of interfering with implanted pace-
makers, insulin pumps, or other implanted
devices, there are otherwise few contraindica-
tions and side effects.

tDCS

Similar to TENS, recent advances in tDCS have
allowed portable devices to be utilized in a home-
based setting. A pilot randomized controlled trial
(RCT) conducted at the Medical University of
South Carolina explored the use of tDCS in con-
trolling patient-controlled analgesia (PCA) opi-
oid usage in individuals receiving lumbar spinal
surgery [34]. Twenty-seven participants were
split into either the tDCS intervention group or
control group receiving a sham treatment. tCDS
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or sham treatments were delivered at the 30 min-
ute, 4-hour, ~24-hour, ~28-hour postoperative
intervals, with amounts of PCA hydromorphone
administered being measured. Results showed
that patients undergoing true tDCS treatment, on
average, had a 23% reduction of PCA usage
when compared to the control group [34]. Thus,
researchers concluded that tDCS is an effective,
nonpharmacologic, noninvasive modality for
pain management in patients undergoing spinal
surgery.

Challenges and Considerations

Technology in healthcare is a vastly growing
endeavor, while most of the methods used in clin-
ical settings provide many benefits to overall
patient care, there still exist several challenges to
implementing these practices into everyday use.
In the setting of wearable devices, lack of clinical
validity and contextual consideration poses chal-
lenges to sole reliance on this technology. For
example, the differences in types of sensors used
and differences in locations of wearable devices
worn on patients, such as smart watches or ingest-
ible smart implants, may make it difficult to
amass consistent, reproducible quality data col-
lection [35, 36]. On the other hand, different indi-
cations for use, such as fitness tracking versus
postoperative surgery tracking, carry different
degrees of importance in terms of reliability [36].
Regarding nIBS devices, questions regarding
optimal dosing parameters for different pain con-
ditions remain. Recommendations to alleviate
these challenges include the use of research
and regulation to ensure equal data quality and
context-specific standardization [36].

TENS has been in widespread use for decades
and is portable and affordable. Some of the best
evidence for TENS use is in the perioperative set-
ting [37-39], and yet this therapy is still not
widely used in hospital systems for acute pain. It
is unclear why TENS is not found in many hospi-
tal units, despite a large amount of research sup-
porting its efficacy for postoperative pain. There
is a possibility that the lack of utilization is solely
due to a knowledge deficit amongst providers.

Despite this, research is needed to assess the vari-
ous stakeholders and their reasons for not imple-
menting TENS so that it can be addressed in the
future.

A challenge facing widespread use of VR
devices relates to upfront costs required. Virtual
reality is accessible through several mediums,
and cost is likely to depend on the medium used.
Since many healthcare facilities in the United
States already use computers to assist with elec-
tronic medical records, providing patients with
the technology of viewing calming images as a
form of VR does not pose a significant challenge.
However, the challenge comes from VR requir-
ing specialized headset devices, which are cur-
rently not commonly found in healthcare
facilities. According to the NY Times, wireless
VR headsets range from $200-$800 per headset
[40], and the full cost to run a device with the
appropriate computer software system is approx-
imately $2500 [41]. Implementation would
require upfront monetary and employee-training
investments that could be difficult for hospital
systems to justify.

Similar challenges apply to the other device-
based technologies discussed, which would
require an investment of time for training, mone-
tary costs for device acquisition, and space for
device storage. However, these challenges are not
insurmountable as hospital systems have previ-
ously invested in new technologies with high
upfront costs, such as the portable ultrasound
machine, deemed to dramatically enhance patient
care. These investments would likely be worth-
while in order to reduce in-hospital recovery time
and the long-term socioeconomic costs related to
pain and potential for opioid addiction and
overdose.

Future Directions and Research

While several VR, HIFU and PNS devices, such
as the TENS unit, have been given FDA approval
for the treatment of specific pain indications,
many others discussed above have only obtained
FDA clearance, given the relatively low risk and
noninvasive nature of the devices. The agency
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has fallen short of granting FDA approval to
many due to the rigorous process required to
obtain approval status and the lack of quality trial
data needed. Thus, moving forward, carefully
structured randomized control trials specifically
utilizing the devices in the perioperative setting
are needed in order to gain insight into the effec-
tiveness of devices in real-world settings.

While the inherent mechanism of pain is stan-
dardized across populations, achieving optimal
outcomes demands a personalized approach to
treatment. Ultimately, continued research and
innovation in this field will result in the expan-
sion of the arsenal used for perioperative pain
management beyond traditional pharmacother-
apy and invasive procedures. Doing so will allow
for more personalization of therapy in the hopes
of greater overall outcomes.

Clinical Scenario

A 65-year-old man with a past medical history of
substance use disorder in remission for two years
presents to the preoperative clinic for a scheduled
hip arthroplasty after breaking his hip during a
ground-level fall. The patient is very anxious
about his surgery because the last time he had
surgery for an inguinal hernia repair several
decades ago, he had severe postoperative nausea/
vomiting as well as ilioinguinal neuralgia. He
also does not want to take opioids after surgery,
and he is worried about how he will manage his
perioperative pain. Two days before his surgery,
he downloads an app his surgeon recommends.
The app details information about what to expect
from surgery and how quickly he can expect to
recover after his hip replacement. After further
discussion with his anesthesiologist about post-
operative pain and a multimodal pain regimen, he
agrees to TENS treatment. His surgery goes suc-
cessfully without any complications, and he
receives TENS 30 minutes after emerging from
anesthesia in addition to antiemetics. Once fully
recovered in the PACU, the patient receives
another treatment of TENS before being trans-
ported to his inpatient room for further manage-
ment. The next day, the patient is surprised at

how few pain medications he requested over-
night. He is even more surprised at the lack of
nausea he experienced compared to his previous
surgery. Approximately 24 hours after surgery,
the patient has a moderate amount of pain but
does not want opioids. Instead, he opts to control
his pain with a VR game and an additional TENS
treatment, applied to the skin near the surgical
incision. At the 48-hour postoperative mark, the
patient feels well and meets all criteria for dis-
charge. He is discharged with a TENS unit for
home use, which he is instructed to apply peri-
incisionally (not directly over the incision) 2-3
times per day, for 20 minutes, as needed to reduce
pain. He also downloads a pain tracking app that
teaches him meditative techniques and other
methods for further reducing pain. The app also
provides feedback to his surgeon regarding his
pain scores over time.

Key Takeaways

1. The field of perioperative pain management is
rapidly expanding and variably dynamic.

2. The end goal for novel therapies should
revolve around limiting reliance on addictive
substances.

3. By achieving the above goal, a plethora of
positives, including better patient outcomes,
reduced expenses, and increased patient/phy-
sician satisfaction, ultimately result.

4. Future studies are required for many of the
technologies to elucidate the effectiveness
and role they have in perioperative pain
management.

5. Additionally, more data is needed in order for
hospitals to justify the high up-front costs that
accompany the implementation of several of
the technologies discussed.
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Introduction

Traditional perioperative pain management often
relies heavily on pharmacological interventions,
which may be effective, but come with their own
set of limitations and side effects. In recent years,
the integration of non-conventional approaches,
or integrative medicine, has gained traction in the
medical community. Integrative approaches offer
an expanded range of nonpharmacological and
noninvasive or minimally invasive treatment
options. These options may be appropriate for
those who have either maximized pharmacother-
apy or do not wish to pursue invasive or pharma-
cologic therapies. Moreover, they can serve as an
adjunct to conventional perioperative pain thera-
pies and improve treatment response. This chap-
ter delves into the relevance and efficacy of
integrative medicine in perioperative pain man-
agement [1].
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Definition of Integrative Medicine

Integrative medicine combines allopathic medi-
cal practices with alternative, evidence-based
methods to enhance patient care and outcomes. It
moves beyond the conventional separation of
complementary/alternative medicine, embracing
a more inclusive model that integrates a variety
of both pharmacological and nonpharmacologi-
cal treatments. In the context of perioperative
pain management, integrative approaches can
serve as adjuncts to conventional therapies,
potentially improving the overall treatment
response and patient satisfaction [1].

Background and Current
Understanding

Historically, the adoption of integrative therapies
in clinical practice has faced challenges due to
varying levels of acceptance and understanding
within the medical community. However, recent
data from the National Health Interview Survey
Census on the usage of integrative therapies
highlighted a growing acceptance and applica-
tion in various medical fields, including the man-
agement of chronic pain. From 2002 to 2022, the
use of integrative and complementary therapies
grew from 19.2% to 36.7% in US adults [2].
Despite this progress, common misconceptions
persist. On one hand, some skeptics dismiss
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integrative medicine due to a perceived lack of
evidence or efficacy. On the other hand, propo-
nents may overestimate its benefits, viewing it as
a panacea and underestimating potential risks.

A balanced approach lies in evidence-based
evaluation, where each integrative therapy is
scrutinized for its efficacy, safety, and role in
patient care. Integrative medicine is not a one-
size-fits-all solution, nor is it devoid of risks. Like
any medical intervention, it requires careful con-
sideration of its applications and limitations
[3-5].

Manipulative Therapies

Manipulative therapies involve hands-on tech-
niques to align the body’s structure and improve
physical function (Table 32.1). These therapies,
including osteopathic manipulative treatment
(OMT), massage, and chiropractic care, are
grounded in the understanding that the body’s
systems are interconnected and can be manipu-
lated to promote healing, alleviate pain, and
enhance overall well-being.

Osteopathic Medicine

Osteopathic medicine was founded by Dr.
Andrew Taylor Still in the late nineteenth cen-
tury. It is a form of alternative medicine empha-
sizing physical manipulation of the body’s
muscle tissue and bones. Osteopathic medicine
focuses on the body’s interconnectedness and uti-

lizes its innate healing capacity. Numerous stud-
ies have shown that OMT leads to significant
pain relief, enhanced and quicker bowel function,
and shorter hospital stays [20]. Further detail can
be found in Table 32.1.

Chiropractic Medicine

Chiropractic  medicine,  established by
D.D. Palmer in the late nineteenth century,
focuses on diagnosing and treating musculoskel-
etal disorders, primarily of the spine.
Chiropractors use manual adjustments and
manipulations to correct alignment issues, relieve
pain, and improve function, with the intent
of contributing to pain management and injury
recovery. In retrospective studies, certain chiro-
practic maneuvers have been associated with
improved pain relief following lumbar surgery
(Table 32.1).

Massage Therapy

Massage therapy involves manipulating the
body’s soft tissues through varying pressure and
movement. It’s renowned for reducing stress,
pain, and muscle tension. Massage is known to
enhance blood circulation, promote relaxation,
relieve pain, and improve overall well-being,
making it a popular choice for people seeking
relief from various physical ailments, and has
been shown to provide benefit in peri-operative
care (Table 32.1).


R
New Stamp


32 The Role of Integrative Medicine and Alternative Therapies 257

Table 32.1 Evidence-based manipulative therapies

Integrative
therapy
Osteopathic

Chiropractic

Author (year)
Barral et al.
(2020) [6]

Roncada
(2020) [7]

Probst et al.
(2016) [8]

Kim (2015)
[9]

Baltazar et al.
(2015) [10]

Goldstein
et al. (2005)
[11]

Chu and
Trager (2022)
[12]

Coulis & Lisi
(2013) [13]

Study type
Clinical trial 70
(CT)

Randomized 82
controlled
trial (RCT)

RCT 20

RCT 33

Retrospective 55
cohort study

RCT 39

Retrospective 31
chart review

Case study 3

Sample size Outcome of study

Significantly less pain at rest and while walking
one-month post-TKA (p = 0.00001 and p= 0.0001,
respectively). Reduced opioid consumption in the first
postoperative week (p = 0.0001)

OMT led to significant reductions in chronic thoracic
pain postcoronary artery bypass graft surgery (p < 0.05),
providing evidence for its use in managing postoperative
pain

OMT was feasible and safe in postoperative patients
after bowel resection. It showed a trend towards lower
postoperative morbidity and reduced pain. Specifically,
the comprehensive complication index was lower for
patients receiving OMT (30.8 vs. 37.1), and pain scores
decreased significantly by an average of 2 points on the
numeric rating scale for the OMT group, while there
was no change for the control group. Larger RCTs are
needed to evaluate its effectiveness

OMT showed more improvement in postsurgical
physical disability and residual pain compared to
exercise, with statistically significant differences

(p <0.05)

OMT applied after major gastrointestinal operations was
associated with a significant reduction in time to first
postoperative flatus (mean time of 3.1 days in OMT
group vs. 4.7 days in non-OMT group, p = 0.035) and
postoperative hospital length of stay (mean LOS of

6.1 days in OMT group vs. 11.5 days in non-OMT
group, p = 0.006), indicating its efficacy in enhancing
postoperative recovery

Administration of postoperative OMT enhanced pre-
and postoperative morphine analgesia in the immediate
48-hour period following elective total abdominal
hysterectomy, with significant reduction in morphine
use and blood concentrations (p < 0.04)

A retrospective chart review showed chiropractic spinal
manipulation (CSMT) significantly reduced pain and
disability in adults with persistent spinal pain syndrome
type 2 (PSPS-2) following lumbar surgery. Average
baseline Numeric Pain Rating Scale (NPRS) scores fell
from 6.6 to 0.6, and Oswestry Disability Index (ODI)
scores dropped from 43.8% to 2.4% posttreatment.
Predictors of better outcomes included younger age,
shorter symptom duration, and higher baseline pain or
disability levels (p < 0.05)

This case series described chiropractic treatment
outcomes for three patients with postoperative spine
pain. Treatment modalities included spinal manipulation
and flexion-distraction mobilization. Patient-reported
outcomes indicated subjective improvements in pain,
with numeric pain scores decreasing notably.
Specifically, pain levels were reported to decrease by at
least 2 points on the Numeric Pain Scale, reflecting
clinically significant pain relief. All treatments were
tolerated with one report of transient benign soreness,
indicating a favorable safety profile

(continued)
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Table 32.1 (continued)

Integrative
therapy

Massage

Author (year) Study type Sample size
Hurwitz etal. RCT 681
(20006) [14]

Kruse and Retrospective 32
Cambron study
(2011) [15]

Mitchinson RCT 605
et al. (2007)
[16]

Cutshall et al. RCT 58
(2010) [17]
McRee et al. 105

(2007) [18]

Liu et al. Meta- 3243
(2022) [19] analysis

Outcome of study

Study followed 610 patients for 18 months, finding
minimal difference between chiropractic and medical
care in improving pain and disability (adjusted RR of
remission = 1.29; 95% CI = 0.80-2.07). Physical
therapy combined with medical care was more effective
(adjusted RR = 1.69; 95% CI = 1.08-2.66). Perceived
improvement was higher in chiropractic patients, yet
less than 20% were pain-free at 18 months

In this retrospective study, patients with postsurgical
lumbar spine pain experienced significant pain relief
following chiropractic care using the Cox flexion
distraction technique. The average pain score decreased
from 6.4 to 2.3 after an average of 14 treatments. The
most significant improvement was seen in patients who
had combination surgeries (discectomy, fusion, and/or
laminectomy), with an average pain reduction of 5.7 out
of 10. No adverse events were reported

This study utilized back massage as adjuvant therapy for
acute postoperative pain. In the massage group

(N =200), short-term decreases in pain intensity and
unpleasantness were 0.34 and 0.41 points more (on a
10-point scale) than the control group (N = 203),
respectively (p < 0.001 for both). Anxiety reduction was
0.48 points greater in the massage group compared to
controls (p < 0.001). Long-term, pain intensity and
unpleasantness declined faster in the massage group by
0.22 and 0.25 points per day, respectively (p = 0.02 and
p =0.01), over the first four postoperative days

In the massage group (N = 30), there were significant
reductions in pain (mean change: —2.3, p < 0.001), anxiety
(mean change: —1.7, p< 0.001), and tension (mean change:
—3.1, p < 0.001) compared with the control group (N = 28),
which received standard care. The study highlighted the
feasibility of massage in a cardiac surgical setting, with
positive patient feedback and no reported adverse events
Preoperative massage (30 minutes) in female subjects
undergoing laparoscopic gynecologic surgery led to
significantly reduced intraoperative narcotics use

(2.2 = 1.1 mcg of fentanyl/kg/hour in the massage group
vs. 2.8 + 2.0 mecg/kg/hour in the control group) and lower
postoperative anxiety (9.83 + 2.9 in the massage group
vs. 11.24 + 3.6 in the control group). The study indicates
that preoperative massage may help in decreasing
narcotic requirements and anxiety levels postsurgery

The comprehensive meta-analysis revealed that massage
therapy significantly reduced postoperative pain with a
standardized mean difference (SMD) of —1.32 (95% CI,
—2.01 to —0.63; p = 0.0002) and high heterogeneity

(I2 = 98.67%). The analysis included short-term
(immediate assessment) and long-term (4—6 weeks
post-treatment) effects, both showing significant pain
relief. In subgroup analyses, the effectiveness of
massage therapy was consistent across various surgical
types, with notable pain reduction for cesarean section
and heart surgery. No significant adverse effects were
reported, indicating a favorable safety profile for
massage therapy in postoperative pain management
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Energy Therapies

Energy therapies focus on the belief that the body
is encompassed by a vital life force or energy
field (Table 32.2). These therapies aim to balance
and heal the energy flow within the body to
enhance physical, mental, and emotional health.
Energy healing encompasses various practices
that aim to manipulate the energy fields around
the body to promote health and healing.
Practitioners use their hands to clear, energize,
and balance the body’s energy pathways, or
meridians, to support healing and foster physical
and emotional well-being. Some of these thera-
pies may also fall into other categories. For
example Qigong can also be considered a mind-

Table 32.2 Evidence-based energy therapies

Integrative Author
therapy (year) Study type Sample size
Acupuncture  Usichenko ~ RCT 120
et al. (2007)
[21]
Han et al. CT 41
(2024) [22]
Taghavi RCT 90
et al. (2013)
[23]
Energy Mcneil et al. RCT 50
Healing (2021) [24]
Aslan & RCT 210
Ozkan

(2019) [25]

body therapy, and acupuncture can be considered
a manipulative therapy.

Reiki

Reiki is a Japanese form of energy healing where
practitioners channel universal energy through
their hands to the recipient, promoting healing,
relaxation, and stress reduction. This noninvasive
therapy is believed to improve the flow and bal-
ance of energy in the body, facilitating the body’s
natural healing processes. Studies to date have
provided equivocal results for perioperative pain
management (Table 32.2).

Outcome of study

In this randomized trial, patients receiving auricular
acupuncture required significantly less ibuprofen (median
200 mg, interquartile range 0—600 mg) after ambulatory
knee surgery than the control group receiving an invasive
needle technique (median 600 mg, interquartile range
200-800 mg), with p = 0.012. Pain intensity was similar
across groups, highlighting auricular acupuncture’s
analgesic benefit postoperatively

This clinical trial demonstrated that angiopuncture
significantly decreased pain levels postoperatively at
various time points (6, 12, 24, 48, and 72 hours) with
statistical significance (p < 0.05), indicating its potential as
an effective pain management technique after surgery
Electro-acupuncture significantly reduced postoperative
pain with lower VAS scores by 1-2 points (p < 0.05) and
reduced morphine use by 1.9 mg in the first 6 hours
post-operation compared to controls. The time to first
analgesic request was extended by about 8 minutes in the
acupuncture group. Fewer acupuncture patients
experienced dizziness as well

EH therapy showed a decrease in preoperative anxiety in
patients undergoing posterior surgical correction for
AIS. No significant difference in pain reduction or hospital
stay length compared to controls (pain: p < 0.001
postoperative increase, anxiety decrease: p < 0.001, oral
medication transition: p = 0.11, hospital stay: p = 0.07)
In this study, abdominal surgery patients treated with
bioenergy showed a significant decrease in postoperative
pain compared to those not treated with bioenergy. Pain
severity scores were lower at 60, 90, and 120 minutes
post-treatment in the bioenergy group, indicating its
effectiveness in pain management

(continued)
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Table 32.2 (continued)

Integrative
therapy

Qigong

Reiki

Author
(year)
Quixada

et al. (2022)
[26]

Osypiuk
et al. (2020)
[27]

Midilli et al.
(2016) [28]

Bourque
etal. (2012)
[29]

vander Vaart
et al. (2011)
[30]

Shaybak
et al.
(2017) [31]

Sisman &
Arslan
(2023) [32]

Study type Sample size Outcome of study

CT

Pilot
Study

RCT

RCT

RCT

RCT

RCT

21

21

45

30

80

40

93

The study found that Qigong training significantly
impacted posture and mood in breast cancer survivors with
persistent postsurgical pain. Improvements in vertical head
and spine angles correlated with reductions in fatigue,
anxiety, and pain severity. Specifically, a moderate to
strong correlation was observed between improved posture
and reduced fatigue and anxiety in different conditions
(EO, EOR, EC). This supports the embodied cognition
framework, suggesting that Qigong can be an effective
integrative treatment for biopsychosocial conditions like
PPSP

In breast cancer survivors with persistent postsurgical pain,
significant improvements were observed at 12 weeks in
pain severity and interference, fatigue, anxiety, depression,
perceived stress, self-esteem, pain catastrophizing, several
subdomains of quality of life, interoceptive awareness, and
shoulder range of motion. Postintervention effects
sustained at 6 months. No serious adverse events were
reported

In patients undergoing cesarean section, 15 minutes of
Reiki applied to the incision area significantly reduced
pain and decreased the need for analgesics compared to
sham Reiki and control groups. Pain reduction in the Reiki
group was 76.06% between the first and second day
posttreatment. Reiki did not significantly affect vital signs
but extended the time before the need for additional
analgesics

In patients undergoing screening colonoscopy, Reiki did
not significantly reduce the amount of meperidine needed
compared to control, but 16% of Reiki recipients required
less than 50 mg of meperidine, compared to all patients in
the control group requiring more than 50 mg. This
suggests a potential for decreased pain medication needs
during colonoscopy when Reiki is used, warranting further
study

In women undergoing elective C-section, distant Reiki did
not significantly affect pain levels, opioid consumption, or
rate of healing compared to usual care. However, the Reiki
group showed significantly lower heart rate and blood
pressure postsurgery

Study on patients undergoing CABG showed Reiki energy
healing reduced chest pain severity caused by coughing
and deep breathing. The study suggests Reiki as an
effective nonmedical method for pain relief post-CABG,
recommending further research on its efficacy compared to
drug therapy and other complementary medicine methods
This study targeted patients undergoing abdominal
surgeries. Reiki significantly reduced surgical fear, anxiety,
and pain levels, and increased oxygen saturation levels in
the Reiki group compared to the control and sham Reiki
groups. The differences were statistically significant

(p < 0.005), suggesting Reiki’s effectiveness as a
noninvasive, costefficient method for patient care in
abdominal surgery
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Qigong

Qigong is a traditional Chinese mind-body prac-
tice combining movement, meditation, and con-
trolled breathing to enhance the flow of Qi (vital
energy) in the body. Regular practice is thought
to improve mental and physical health by enhanc-
ing balance, flexibility, and the body’s innate
healing abilities.

Acupuncture

Acupuncture, a traditional Chinese medical prac-
tice, involves inserting thin needles at specific
body points to alleviate pain and promote heal-
ing. Widely recognized for its effectiveness in
treating various conditions, acupuncture is par-
ticularly noted for its success in managing
chronic low back pain, offering a less invasive
alternative to conventional medical treat-
ments. Battlefield acupuncture (BFA), a form of
auricular acupuncture that targets points in the
ear utilizing semi-permanent needles, was devel-
oped specifically to address acute pain and can be
used in the peri-operative setting. Table 32.2 pro-
vides a non-exhaustive list of acupuncture studies
for postoperative pain management, highlighting
several forms of acupuncture, including auricular
acupuncture, angiopuncture, and electroacupunc-
ture. Other forms of acupuncture include
Japanese scalp acupuncture and Korean hand
acupuncture.

Whole Medical Systems

Whole medical systems offer potential avenues
for the management of perioperative pain.
Evidence exists to support Traditional Chinese
Medicine,  Ayurveda, Homeopathy, and

Naturopathy as being beneficial in reducing both
acute and chronic pain (Table 32.3). These health
systems usually involve a holistic approach, often
rooted in herbal medicine with an emphasis on
whole body treatment. The evidence is more
robust for these systems having a role in the man-
agement of chronic pain and disability. However,
there remains a need to further investigate the
role of these systems in alleviating the burden of
acute pain in a perioperative setting. The aspects
of these health systems that may play the largest
role in the improvement of acute pain include
interventions such as acupuncture, aromatherapy,
or nutritional supplementation with herbal reme-
dies. There may be a predictive role for Ayurvedic
medicine as to which patients will have greater
pain tolerance (Table 32.3). Overall, these medi-
cal systems may be most utilized as adjunctive
measures. It should be noted that many of the
therapies already discussed are components of
some of these whole medical systems.

Mind-Body Therapies

Mind-body therapies include approaches to
health centered around building a stronger con-
nection between the mind and the body to pro-
mote improved wellness (Table 32.4). Current
therapies include guided imagery, biofeedback,
hypnosis, mindfulness, meditation, yoga, and tai
chi. These therapies remain intriguing due to
their low adverse effect risk as well as their abil-
ity to affect health outcomes across broad patient
categories. Technology may allow for augmenta-
tion of benefits seen in these therapies, such as
EMG biofeedback and app-based meditation and
hypnosis. Emerging therapies may include vir-
tual reality-based versions of these mind-body
therapies.
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Biologically Based Therapies

As previously noted, biologically based medicine
forms an underpinning of many holistic medical
systems. However, many of these remedies have
been investigated independently of their tradi-
tional systems, highlighting the potential for
more individualized therapeutic effects tied to
dosage or extraction of active ingredients. In the
peri- and postoperative setting, herbal remedies
may have anticoagulatory, antiinflammatory, and
antinociceptive effects (Table 32.5). While there
is evidence to suggest numerous supplements
may have potentially harmful effects, these
effects seemed to be tied more to interactions
with medications rather than inherent harms.
Vitamins and other dietary supplements have
been investigated in different dosages and con-
centrations for their effect on pain reduction,
both in an acute and chronic setting. While vita-
min deficiencies have well-known roles in health

outcomes, current evidence suggests that aug-
mentation may be beneficial even in patients
without severe deficiencies. We highlight B, C,
D, and E vitamins, along with magnesium and
fish oil, in this section for their use in pain control
(Table 32.6). Compared to herbal remedies, these
nutritionally based treatments may be associated
with a lower risk of adverse effects.

While supplementation with specific nutri-
tional agents may provide benefit, there may also
be a role for overall dietary patterns in the man-
agement of perioperative pain. Evidence remains
more limited due to the difficulty of capturing the
nuances within and between different dietary pat-
terns. The current globalized diet landscape
includes numerous options ranging from fully
meat based to vegan. Vegan, vegetarian,
Mediterranean, ketogenic, and others may have
positive effects in pain control in the periopera-
tive setting (Table 32.7).
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Challenges and Considerations
in Integrative Pain Management

Integrative pain management approaches, partic-
ularly manipulative and energy therapies, face
challenges and special considerations. One sig-
nificant hurdle is the difficulty in conducting
placebo-controlled trials for therapies that require
active participant interaction, such as OMT, chi-
ropractic care, and Reiki. This makes it challeng-
ing to achieve the highest level of evidence for
their efficacy. The subjective nature of these ther-
apies and the personal experience of the practitio-
ner and patient can introduce biases and
misconceptions, affecting study outcomes and
public perception. However, this individualized
approach to therapy may also be a benefit of these
practices, aligning closely with patient-centered
care and potentially enhancing engagement,
self-efficacy, and satisfaction. The challenge for
the field is to develop research designs that
respect this complexity while still providing rig-
orous, interpretable evidence about when, for
whom, and under what conditions these therapies
are most beneficial.

Biologically based alternative therapies must
be rigorously investigated for quality of ingredi-
ents, as different sourcing may affect potency and
side effect profile. Other considerations in the
evaluation of alternative medical therapies for
perioperative pain is the value of including mul-
tiple aspects from one medical system compared
to that of picking and choosing from diverse
options. Many systems may work best in a syner-
gistic manner; this may influence the accuracy of
current evidence, as separating aspects of differ-
ent systems may affect their effectiveness.

Another consideration is the availability of
trained professionals who can administer these
therapies in a perioperative setting. Acquiring the
necessary skills for specialized treatments like
acupuncture or hypnotherapy demands extensive
training, which may not be accessible or priori-
tized in all healthcare settings. Additionally, hospi-
tal administrators may be hesitant to integrate
these therapies due to the costs associated with
training and facility use, compounded by the typi-
cally low reimbursement rates for these treatments.

However, initiatives like the Veterans Affairs' (VA)
"Whole Health" programs and widespread train-
ing of clinicians in Battlefield Acupuncture dem-
onstrate a move towards increasing access to
integrative pain management techniques.

Example Case Studies

Consider an acrobat with a history of opioid
abuse needing orthopedic surgery for a torn rota-
tor cuff. He is adamant about avoiding opioids
and midazolam due to fear of relapse. In such a
scenario, nonpharmacological approaches like
acupuncture, Reiki, or mindfulness-based stress
reduction could be employed to manage his pain
and anxiety effectively. He may also benefit from
supplements such as magnesium and vitamin C,
administered intraoperatively, and further supple-
mentation of B-complex vitamins postopera-
tively, in combination with continued acupuncture
sessions and medical massage to reduce his post-
operative pain.

In another case, a patient post-spine surgery
experiences unmanageable pain, despite numer-
ous interventions including trigger point injec-
tions and patient-controlled analgesia (PCA).
The surgical team is having difficulty with man-
aging the patient's pain inpatient. Introducing
electroacupuncture (EA) into their treatment plan
provides the necessary pain relief to facilitate
discharge.

Future Directions and Research

Emerging research is exploring the development
of adequate sham controls for therapies that
inherently involve touch and personal interac-
tion, which could enhance the quality of random-
ized controlled trials (RCTs). There is a clear
need for larger, pragmatic, multisite clinical trials
to ascertain the effectiveness, safety, and cost-
efficiency of these integrative therapies in various
clinical settings. Technology may affect the
method of application of many alternative medi-
cal therapies. Future directions may further lever-
age smartphone, virtual reality, and biofeedback
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mechanisms to augment mindfulness and body-
based treatments.

Key Takeaways

1. Integrative pain management represents a
holistic approach, combining physical, emo-
tional, and spiritual aspects to treat pain.

2. Challenges in integrative pain management
include difficulties in conducting placebo-
controlled trials and biases related to personal
experience.

3. Training and availability of professionals for
specialized therapies like acupuncture are sig-
nificant considerations.

4. Integrative approaches provide additional
tools to address complex pain management
scenarios effectively.

5. Future research should focus on developing
better sham controls and conducting extensive
large, pragmatic clinical trials, as well as eval-
uating facilitators and barriers for integration
of therapies into healthcare systems.
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