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Preface

Pain control and disease management have been grown hand in hand since the dawn of life
and the early practice of medicine by ancient humans.

When patients come to us with their pain, they present us with a challenging opportunity to
understand them, tackle how their pain is affecting their lives, discover what is causing their
pain, and finally the opportunity to prescribe medications and advise on necessary lifestyle
changes to help them gain relief from their pain.

Healthcare professionals are encountered daily with different pain scenarios and they are
asked to find appropriate solutions. The clinical presentation may be acute or chronic, and
successful management involves an accurate diagnosis and implementation of a suitable
therapy or therapies. For beginners in pain management, this can pose a significant chal-
lenge as well as for senior pain physicians.

This book will serve as a ready reference for those embarking on pain management. Its in-
tent is not to be a heavy book that can only be stored on a bookshelf, but a pocket-sized
reference that can be carried, be easily navigated, and be available whenever a conceptual
gap compromises pain physicians and their ability to treat their patients.

Though this book is intended for new trainees in the field of pain management as well as
senior pain practitioners, it should also be noted that it deals with pain in special circum-
stances and sometimes rare pain conditions that may meet the pain practice.

This book provides the latest updates on pain management in special circumstances and
highlights the recent advances for evidence-based pain management.

While we did our best to prevent any misinformation of any form, we would urge our readers
to inform us of any such error, including spelling or contextual errors. We also would advise
that this book certainly does not replace professional or expert guidance and consultation.

We are grateful to Ms. Maja Bozicevic for her continuous help in all stages of this book. I
owe my own achievements to my wife, my daughter, and my sons and I cannot thank them
enough. Also, we are grateful to Professor Marco A.E. Marcus for his constant support while
editing this unique book, Pain Management in Special Circumstances, and to all participating
authors for their contributions.

Dr. Nabil A. Shallik MSc, MD
Hamad Medical Corporation
Doha, Qatar






Chapter 1

Non-Pharmacological Pain Management

Ahmed El Geziry, Yasser Toble, Fathi Al Kadhi,
Muhammad Pervaiz and Mohammad Al Nobani

Additional information is available at the end of the chapter
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Abstract

Non-pharmacological pain therapy refers to interventions that do not involve the use of
medications to treat pain. The goals of non-pharmacological interventions are to decrease
fear, distress and anxiety, and to reduce pain and provide patients with a sense of con-
trol. When deciding the most effective non-pharmacological technique, take into con-
sideration the patient’s age, developmental level, medical history and prior experiences,
current degree of pain and/or anticipated pain. The advantage of non-pharmacological
treatments is that they are relatively inexpensive and safe.

Keywords: pain, non-pharmacological, physical, psychological, spiritual

1. Introduction

Non-pharmacological therapies are typically categorized into

1. Physical (sensory) interventions
Physical (sensory) interventions typically are patient-specific and inhibit nociceptive input
and pain perception.

Some measures that can reduce pain intensity and improve the patient quality of life such
as massage, positioning, hot and cold treatment, transcutaneous electrical nerve stimula-
tion (TENS), acupuncture and progressive muscle relaxation.

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. [(cc) ExgIEN
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2. Psychological interventions

Continuous pain may lead to development of maladaptive status and behavior that worsen
day to day function, increase distress, or enhancing the experience of pain. Patients suffer-
ing pain tend to show increased vulnerability to a variety of psychiatric illnesses, including
depressive and anxiety disorders, and posttraumatic stress disorder. In fact, the relationship
between depression and pain is likely to be bidirectional, so that the presence of a depressive
disorder has been identified as a key risk factor in the transition from acute to chronic pain.

Most commonly used psychological interventions are: cognitive behavioral therapy,
mindfulness-based stress reduction, acceptance and commitment therapy (ACT), guided
imagery and biofeedback.

3. Others

Spirituality and religion in pain management and music therapy.

2. Physical (sensory) interventions

2.1. Massage

Pain can complicate the patient condition as it can elevate stress, altering posture, and reduce one’s
ability to participate in daily activity [1]. It is the process of rubbing and kneading parts of the
body, especially joints and muscles with hands to relieve pain and decrease tension. Massage can
interrupt the patient’s cycle of distress. It can increase the blood circulation as well as lymphatic
circulation. Massage can also initiate an analgesic effect to the area being rubbed and decrease
inflammation and edema. Moreover, it can release muscle spasms manually while increasing
endogenous endorphin release, and conflicting sensory stimuli that override pain signals [2].

The process of rubbing and kneading soft tissues of the body can lead to relaxation of the
tense muscles, increase blood flow to the underlying tissues and decrease pain. The exact
mechanism of pain reduction in massage is still unknown; however, there are some studies
and expert’s hypothesis suggest that the process of massage can lead to an increase in dopa-
mine levels which decrease pain. In addition to that, massage can lead to relaxation of the
muscles tension that often arise when pain present [3].

There are many benefits of massage as it can reduce stress, promote muscle relaxation, lower
blood pressure, improve circulation, help improve posture, and strengthen the body immune
system. Moreover, there are some studies suggest that massage had been found to decrease
pain and anxiety in many of the surgical and nonsurgical patients [3].

Massage can be beneficial in cancer patient as it can improve mood and quality of life
among patients suffering from cancer. Both the massage and simple-touch groups had sta-
tistically, although not clinically, significant improvements in pain and quality of life over
time despite no increases in total analgesic medication use [4]. In addition to that, there are
some short-term benefits of massage which include improve psychological well-being and,
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in some cases, reduced severity of physical symptoms. Depression and anxiety have shown
significantly improve with massage.

2.2. Positioning

Positioning is a physical intervention that includes maintaining a proper body alignment to
reduce stress and anxiety, especially in children.

It helps to prevent further complications, reduces the risk for developing injuries, prevents
developing bed ulcers and most importantly reduce alleviate pain. Therefore, positioning the
patient correctly and re-positioning can help with the above complications [5].

Positioning can help with many patients as it can relieve muscle pain, tension and discomfort.
It can improve blood circulation which in turn prevents ulcers from developing. Moreover,
elevating extremities while positioning can be beneficial in decreasing pain and prevent
edema as well.

2.3. Hot and cold

Several studies have shown reduction in pain, anxiety, nausea and heart rate in patients
treated with active warming for pain related to mild trauma, cystitis, urolithiasis, cholelithia-
sis, appendicitis, colitis, and rectal trauma. This is an inexpensive and easy-to-use therapy with
minimal side effects when used appropriately. Cold therapy includes applying a cool sub-
stance or device to any part of the body. Numerous studies have reported that cold treatment
can increase pain threshold, decrease edema, and suppress the inflammatory process. Cold
compresses may be used between 15 and 30 min time periods and up to 2-3 times per day.

Hot and cold therapy has been used for many decades and centuries to relieve pain, which
includes muscle pain, joints pain, extremities pain, back pain and arthritis. Some studies show
evidence that ice and heat therapies are effective and can reduce pain when compared to over
the counter meds such as Paracetamol and Ibuprofen.

One study showed that “superficial heat relieves pain in a number of different ways:

1. Heat stimulates the thermo receptors in the skin and deeper tissues. This can help to reduce
pain by closing the gating system in the spinal cord.

2. Heat reduces striated muscle spasm by minimizing muscle spindle excitability and reduc-
ing tension in muscle trigger points.

3. By warming joints, heat reduces the viscosity of synovial fluid, which alleviates painful
stiffness during movement and increase joint range” [5].

Although through history hot and cold-water therapy is frequently used in home environ-
ment. However, these home therapies can create some complications such as burns and water
leak. Nowadays, mostly in hospital setting, they use wheat-based heat packs and electrical
heating pads, which are safer and give the maximum effect of analgesics [6].
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2.4. Acupuncture

This has been used for around 5000 years, and it is considered one of the world’s oldest arts
of an empiric body healing. Basically, acupuncture works by putting the needle in specific
region of the body, which stimulates the nerve. Each needle will cause no discomfort to little
discomfort to the patient, but it will produce a small injury at the insertion area which will
stimulate the body and the immune system to increase circulation, wound healing, pain
modulation and pain analgesia [7].

The number and location of the acupuncture used by Chinese ancient times has changed by
the science of modern practitioners, and nowadays they are using clinical and physical obser-
vation of the patient and the therapeutic effect of the pricking. According to Lewin (1974)
“Two therapeutic modes of acupuncture are used in practice today: (1) acupuncture used for
the treatment of many diseases and (2) acupuncture employed as an anesthetic procedure (a
more accurate term for this would be surgical analgesia)” [8].

Acupuncture can be used to treat many conditions and studies claiming that it can be helpful
with allergies, anxiety and depression, chronic back, neck, or shoulders pain, hypertension,
insomnia, migraines, morning sickness, strokes and menstrual cramps. In addition to that
studies suggest that it can be beneficial with cancer and multiple sclerosis patients as well [9].
The benefits of acupuncture can go beyond conditions to go far to help with relaxation and
pain management as well. Acupuncture can be helpful as an analgesic effect to patients who
experience pain as well [7].

2.5. Transcutaneous electrical nerve stimulation

Transcutaneous electrical nerve stimulation (TENS) is an electrical device used to treat pain.
It consists of battery-powered unit and has 2—4 leads connected to sticky pads, which are
positioned over the skin to cover or surround the painful area.

The TENS unit delivers a low-voltage electrical impulse to the padded surface electrodes in a
series of alternating electrical current impulses.

The larger impulses are postulated to activate large myelinated fibers.

Large nerve fiber stimulation is thought to block small pain-transmitting fibers. Some experts
also believe that TENS unit activates the release of natural endorphins at the pituitary level by
using alternating low-540 frequency pulses.

It is thought that TENS produce analgesia by stimulating large afferent fibers. It can help
those patients with chronic back pain, arthritis, and neuropathic pain. In addition, it can help
patients with mild to moderate acute pain.

When the TENS unit is turned on, patient feeling a light tingling sensation over the area
where the pads are placed.

The signal intensity also known as pulse width (duration of the pulse) produced from the
TENS device can be adjusted, the goal being to produce paresthesia without muscle con-
traction. At initial use, the patient adjusts the settings to find the most comfortable effective
sensation [10].
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TENS is virtually side effect free, and the mechanism includes activation of descending mod-
ulation systems and blocking of sympathetic outflow.

The unit can be attached to the patient’s belt for ease of use.

TENS should not be used in patients with cardiac pacemakers or a history of cardiac dys-
rhythmia [11].

2.6. Progressive muscle relaxation

Progressive muscle relaxation is a technique where the participant involved tightens and
relaxes different muscle groups throughout the body in a progressive manner that would
provoke a sense of relaxation and comfort.

There are many indications to the use of PMR, including back pain, phantom limb pain,
headache and stress. PMR is a safe technique with minimal if any adverse effects have been
reported.

In a double-blinded randomized clinical trial the use of PMR was found to decrease intensity
of pain, tenderness of masticatory muscles and maximum opening of mouth with and with-
out pain in patient with myofascial pain dysfunction syndrome [12].

Relaxation techniques have shown positive results for patients with chronic neck pain, tension
headache, low back pain and chronic pain related to rheumatologic and non-rheumatologic
chronic inflammatory disorders [13-19].

The global spine care initiative for communities with low and medium income supports the
use of biofeedback and progressive muscle relaxation techniques as an initial therapy for
patient without a serious pathology chronic low back pain and neck pain [20].

In a randomized controlled trial, it was found that the use of PMR in combination with guided
imagery and phantom exercises were useful in reducing phantom limb pain and phantom
limb sensation [21].

In an interesting study which looked into deploying relaxation techniques over the Internet
was found to be effective for patient suffering from chronic headaches. Other trials are
ongoing that utilizes phone applications in other conditions like chronic back pain and neck
pain [14, 22].

3. Psychological interventions

3.1. Cognitive behavioral therapy

Incorporating the biopsychosocial (BPS) model to pain management by targeting cognitive
responses to pain and maladaptive behavioral in addition to social and environmental fac-
tors that may play an important role in modifying reactions to pain [23]. Such therapy has
shown efficacy for many physical disorders and psychiatric illnesses, as well as pain [24].
Cognitive behavioral therapy (CBT) helps to develop important set of coping skills intended
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to improve psychological functioning, including behavioral activation, structured relaxation
exercises, recalling and scheduling of pleasurable events, dogmatic assertive communication,
and behavior pacing aiming to avoid prolongation and/or exacerbation of flares of pain. CBT
for pain also addresses maladaptive thoughts about pain and pain catastrophizing through
formal use of cognitive restructuring.

According to recent meta-analytic studies [25], CBT for pain demonstrates small-to-medium
effect sizes in a variety of domains and shows effects on pain and functioning compared to
standard medical care for pain.

3.2. Mindfulness-based stress reduction

This approach aims to disconnect the link between the sensory elements of pain from the
emotional and evaluative elements and enhances uncoupled awareness of both somatic and
psychological sensations [26]. Because the signal of pain usually cannot be distinguished,
such detachment may alter the response to pain [27].

Using mindfulness-based stress reduction strategies such as awareness and meditation, dif-
ferent ideas and beliefs about pain may be perceived as an unattached event rather than a sign
of an underlying matter that requires lineal and possibly maladaptive reactions.

3.3. Acceptance and commitment therapy

This approach implies that thoughts do not basically have to be changed or targeted but the
responses to these thoughts may be altered in a way that the resulting negative consequences
are ameliorated [28]. ACT approaches can augment the sense of well-being via purposeful
and nonjudgmental acknowledgment of mental events like emotions and thoughts, facilitat-
ing acceptance of such events, and enhancing the capability of the patients to sustain present
and be aware of personally relevant environmental and psychological factors. Keeping this in
mind, patients might be able to modify their behavior in a way that is in line with their goals
and values, instead of keep focusing on immediate relief from their emotions and thoughts
[27]. While conducting pain management, ACT can boost purposeful awareness and pain
acceptance, hence diverting the focus on decreasing pain and its thought content and re-
directing efforts trying to achieve favorable fulfilling behavior.

3.4. Biofeedback

Applied psychophysiology or better known as biofeedback is a technique in which the patient
receives extra “extrinsic” information that is not based on what the patient feels, and the infor-
mation should be in real time and biological in nature, that is, the use of real-time ultrasound
biofeedback for patient with pelvic floor muscle dysfunction or low back pain, or the use of
electromyography (EMG) in real time for patients with musculoskeletal disorders [29]. In
simple words by Schawarts and Olsen, “psychophysiology involves the scientific study of the
interrelation of physiological and cognitive processes” [30-32].

In a randomized clinical trial, it looked into the difference between hypnosis for chronic low
back pain and hypnosis with biofeedback techniques, it showed that biofeedback with hyp-
nosis is significantly more effective than hypnosis alone [33].
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In a meta-analysis by Sielski, he found that biofeedback led to a small to medium effect when
it comes to pain intensity reduction in patients with chronic back pain, also it led to reducing
depression, disability, muscle tension, and improved cognitive coping in the same patients’
groups [34]. Biofeedback was also used successfully in patients with juvenile rheumatoid
arthritis, in a randomized clinical trial for children aged 8-13, the use of electromyography bio-
feedback was associated with reduced pain intensity and improved quadriceps strength [35].

3.5. Guided imagery

It is a technique in which an experienced practitioner helps a patient provoke a state of mind
or mental images in the absence of that stimuli, defined by Bresler and Rossman as a range
of techniques from simple visualization and direct imagery-based suggestions through meta-
phor and storytelling [36]. Recently, it has been increasingly explored in different medical
settings, like for managing post-operative pain, fibromyalgia, low back pain or musculoskel-
etal-related pain.

Those images if they are vivid enough, this may elicit a physiological response, through mod-
ulations at the level of the autonomic nervous system, such effects would result in changes
of the cardiovascular, respiratory, nervous, endocrine and even immune system [37]. Many
randomized clinical trials have shown significant reduction in pain scores using guided imag-
ery or hypnosis, but there is a lack of rigors high-quality studies, in a systematic review by
Posadzki, he found only nine RCT with quality ranged between 1 and 3 on Jadad scale, eight
of them suggested significant reduction of musculoskeletal-related pain, while one showed
no significant change from the usual standard of care [38].

In another systematic review of randomized clinical trial by Posadzki, he found that 11 trails
of the 15 included in his analysis showed significant reduction of non-musculoskeletal pain,
while 4 trails showed no significant change from standard of care. Although the evidence
remains inconclusive but simply looking at the risk to benefit ratio, we can simply conclude
that benefits significantly outweigh the risk [39].

Many trials have looked into the efficacy of guided imagery and hypnosis in fibromyalgia
cases, were they have shown a clinically significant benefit, moreover, a meta-analysis by
Zechhave showed that combined therapy of cognitive behavioral therapy and hypnosis is
superior to the use of cognitive behavioral therapy alone in patients with fibromyalgia [40].

4. Others

4.1. Spirituality and religion

In the middle ages, pain was considered a religious matter. Pain was seen as God’s punishment
for sins, or as evidence that an individual was possessed by demons. Spiritual counseling in
such situation can be more of a priority than medical treatment [41]. Major parts of Hindu
believers consider pain as a God punishment or as a result of personal actions. In Islam, it can
be vindictive or Allah’s willingness. A common Buddhist belief is that suffering is the price
of attachment [42]. Spiritual and religious beliefs are important in many individuals’ lives.
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However, religious and spirituality are not the same. These beliefs can influence lifestyle,
attitudes, and feelings about life, pain, and death. Spiritual and religious beliefs are important
in many individuals’ lives. However, religious and spirituality are not the same. These beliefs
can influence lifestyle, attitudes, and feelings about life, pain, and death. Spiritual beliefs often
place a greater significance at the time of illness than any other time in a person’s life.

Both religious and spiritual beliefs help some people accept their own illness and help explain
illness for others. Religion can supply the client, the family, and health professionals with a
sense of strength, security, and faith during a time of need [41, 43].

Pain is an extremely complex phenomenon that involves multiple cascades of behavioral
responses, thoughts, and emotions. A lot of non-physiologic factors such as psychological,
familial and societal attitudes, life stressors, and cultural, spiritual and religious beliefs con-
tribute significantly how the individuals experience and respond to pain. Emotional distress
specifically depression and anxiety plays a vital role in pain experience. Numerous studies
have demonstrated that individuals having pain perhaps report more severe pain and disabil-
ity, if they have anxiety, depression or both. Interestingly, it has been found that fear of pain
can cause more disability than that has been already caused by pain itself. There is a cyclical
pattern of chronic pain leading to depression and depression causing an increase in chronic
pain, creating a mutually reinforcing relationship [44, 45].

Since pain experienced in the context of biopsychosocial-spiritual system model (BPSSM), it
should be understood that individuals’ capacities to cope, tolerate, and accept disease and
pain entail multiple levels of experience and thought. BPSSM suggests that illness disrupts
the biological, interpersonal, and spiritual relationships unique to the individual. The BPSSM
recognizes the potential impact of spiritual and religious variables that may increase or
decrease experience of illness.

Spiritual interventions may differ depending on culture background. Generally, prayer is one
of the most common daily spiritual activities, which can take variety of forms including grati-
tude, admission and confession, intercessory prayer or silent communion. The ultimate goal
is to become more close to and loved one for God. Pain is often referenced in the context of
people’s relationships with God. God is responsible for wellbeing and health; therefore, spiri-
tual beliefs are considered one of the most effective ways that influence healing. Individuals
suffering pain may practice varieties of spiritual and religious activities including prayer and
seeking specialized spiritual support, to cope more effectively with their pain [46]. Patients
with chronic pain with a variety of conditions (e.g., musculoskeletal pain, cancer, or sickle
cell) usually report that religiousness and spirituality are important in their lives [47].

4.2. Music therapy

Music has been used since ancient times to enhance wellbeing and reduce pain and suffering.
Playing music for patients during or after surgery helps reduce pain and use of morphine and
other sedatives, anxiolytics, and analgesics [48, 49].

Many randomized controlled studies adopting music therapy for subjects undergoing colo-
noscopy or sigmoidoscopy have found in comparison with the control group, those who
listened to music reported a significant lower pain scores, less sedation and shorter exami-
nation times [50-52].



Non-Pharmacological Pain Management
http://dx.doi.org/10.5772/intechopen.79689

During labor, music has been shown to reduce women perceptions of and responses to pain.
The same findings have been reported in premature infants as well as other categories of indi-
viduals living with chronic pain [53, 54]. Women during labor who enjoyed listening to slow
soft music experienced less distress attributed to pain and repotted music as a helpful and
effective tool in pain control [54]. Elderly patients with chronic osteoarthritis who listened to
music daily for twenty minutes for couple of weeks reported decreased pain levels as com-
pared to a control group [55]. Cancer survivors reported moderate pain relief upon listening
to music, and in many cancer centers, music is offered as an adjunctive therapy [56, 57].

One study has been designed to evaluate the effects of including music therapy on pain
report, nausea, in addition to the time to engraftment for patients undergoing bone marrow
transplant. Among such extremely ill individuals, those who received music therapy along-
side with relaxation imagery experienced lower pain scales and less nausea. Moreover, they
had faster engraftment [58].

5. Conclusion

The role of non-pharmacological approaches to pain management is evolving, and some non-
pharmacological and complementary therapies have an increasingly important contribution
to make to holistic patient care alongside analgesics.

Generally, these approaches are relatively inexpensive with high safety profile and low
side effects.

There is evidence to support the use of patient education, cognitive behavioral therapy (CBT),
relaxation, music, and other modalities. These therapies should be taken into consideration to
help and support the standard pharmacological treatment in pain management. While medi-
cal drugs are essentially being used for treating the somatic (physiological and emotional)
dimension of the pain, non-pharmacological therapies aim to treat the cognitive, affective,
behavioral and socio-cultural dimensions of the pain.

These therapies can treat the pain as adjuvant or complementary at middle level and severe
pain experiences.

Non-pharmacological approaches help to

¢ Increase the individual ability to control feeling.

* Reduce the feeling of weakness.

* Enhance the functional capacity and activity level.
¢ Reduces anxiety and stress.

¢ Decrease the pain behavior and focused pain level.

* Decrease the dosage of analgesic drugs, subsequently decreasing the well-known side
effects of these drugs.
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For this reason, research on non-pharmacological approaches to pain management is very
important, so that patients are provided with information that ensures them the most effec-
tive options for treating their pain.
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Abstract

Sickle cell disease (SCD) is a condition very common in the United States of America and
its most common presenting symptom is pain related to vaso-occlusive events (VOE).
The cost associated with healthcare for the sickle cell population exceeds 1 billion $USD
yearly, and the majority of this cost is associated with admission related to vaso-occlusive
events. With the increase longevity of patients with SCD, due to new therapies and vac-
cination against common infection related to SCD, the prevalence of older individuals
experiencing VOE will likely increase. The psychological impact inflicted on patients
with SCD can further complicate adequate care of patients experiencing acute or chronic
pain and the latter must be taken into consideration when planning an optimal treatment
regimen. This chapter reviews the short- and long-term management options of pain
related to VOE, their limitations as well proposed regimen that could pave the way for
the future of pain management of SCD.

Keywords: sickle cell anemia, sickle cell pain, sickle cell crises, sickle cell disease,
vaso-occlusive event, sickle cell pain management, pain management

1. Introduction

Sickle cell disease (SCD) is a term used for a collective group of autosomal recessive disorders
involving the abnormal structure of hemoglobin where both alleles of the beta chain of hemo-
globin gene are affected, and at least one of them being affected by a sickle cell mutation. This
mutation results from a single nucleotide change (GAT - GTT) in the sixth codon of the first
exon of the beta-globin gene, resulting in the substitution of glutamic acid to valine (HbS) [1].
When an individual inherits two sickle cell genes (one from each parent, Hb S/S), he or she
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is affected with sickle cell anemia. The Hb S/S mutation is the most common form of SCD, it
accounts for 60-70% of SCD in the United States. Other forms result from a coinheritance of
an HbS allele with another abnormal -globin chain, HbC (Hb S/C) and from a (3-thalassemia
(Hb S/B*, Hb S/B) being the most common among others. The mutation results in a beta chain
of the hemoglobin molecule that is more hydrophobic compared to its normal counterpart
(HbB) and is prone to polymerization during episodes of lower oxygen tension, hypother-
mia or many other stressors. A deoxygenated hemoglobin B (HbB) of patients with SCD will
aggregate along its molecular axis leading to distortion of the cell membrane and giving it a
sickle shape appearance. A hallmark of sickle cell disease is intermittent vaso-occlusive events
(VOE) and chronic hemolytic anemia. VOE in acute and chronic pain as well as organ damage
most notably to the bones, spleen, liver, brain, lungs, kidneys and joints [2].

SCD is a disease that is mostly present in persons of African, Mediterranean, Middle Eastern
and Indian ancestry but has been found in individuals of any ethnic background. The preva-
lence of sickle cell trait, among African Americans in the United States, is 10%, or 3.5 million
people, leading to the incidence of SCD among this ethnic group of approximately 1 in 365
live births. More than 100,000 individuals in the United States are estimated to suffer from
SCD. In the United Kingdom, the prevalence is about 12,500 people. Globally, it is estimated
that about 5-7% of the world’s population are carriers of the mutant hemoglobin gene [3, 4],
most of which residing on the African continent. As a matter of fact, about 15 million Africans
are affected by SCD, more than all other continents combined. And about 200-300,000 affected
births per year occur on the African continent [4, 5], accounting for more than 75% of the
SCD newborns worldwide. Globally, SCD is one the four most common autosomal recessive
diseases along with cystic fibrosis, thalassemia and Tay-Sachs.

Although in some areas of the world, such as Western African countries, where new treat-
ment modalities are not as widely accessible, SCD accounts for as many as 16% of deaths in
children under 5 years old, the death rate has remarkably been reduced in the United States
in recent times. In fact, many children did not live to adulthood about half a century ago. With
the emergence of hydroxyurea, new born screening, newer and better antibiotics as well as the
introduction of the pneumococcal vaccine, the lifespan for sickle cell individuals in the United
States has increased substantially to 48 years old for female and 42 years old for male. As a
matter of fact, the median survival age of patients with SCD living between 1910 and 1950 was
below 20 years of age [6]. By 1980, 50% of children survived beyond 20 years of age; and by
2009, 85% of SCD affect patients did. In England, the trend for hospital admissions related to
SCD has been on the rise; from 2001/2002 to 2009/2010, admissions with a diagnosis of SCD
have risen by more than 50%.

The management of SCD is complex and multidisciplinary. Supportive management includes
regular follow-ups with the healthcare providers, adequate diet and sleep. Symptomatic man-
agement targets symptoms of the disease and include blood transfusions, pain management,
antibiotics for infections among many other possible treatments. Preventive managements
include vaccinations, avoidance of stressors that triggers crisis, hydroxyurea treatment, trans-
fusion, etc. Abortive therapy is the attempt at preventing painful crisis from getting worse
and leading to other complications. They include nitrous oxide and anti-adhesion factors. The
ultimate goal is curative therapy, which can arise from stem cell transplantation, and gene
therapy in the future. This chapter focuses solely on the pain management of patients with
SCD and is divided into acute pain, chronic pain and neuropathic pain.
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2. Pathogenesis of sickle cell pain

Sickle cell related pain is classified into three categories: acute pain, chronic pain and neuro-
pathic pain [7]. Acute pain is, by far, the most commonly encountered type of pain by health-
care providers and is the precursor of chronic and neuropathic pain. The pathophysiology
of sickle cell pain is still not completely understood but is thought to be initiated by stress/
deoxygenation leading to the polymerization of sickle Hb in the red blood cells (RBC) inside
the micro and macro-vasculature. This causes the RBC to lose its deformability and adhere to
together on the vascular endothelium that in turn gets activated. The latter participates in the
recruitment of white blood cells (WBC), which further accentuates the existing vascular occlu-
sion and facilitates tissue ischemia and damage. The activation of endothelial cells along with
the tissue damage provokes the release of inflammatory mediators (including arachidonic
acid, histamines, bradykinin, H+, K+, cytokines, serotonin, substance P, leukotrienes among
others) [8, 9]. The combination of tissue damage and the resulting secondary inflammatory
process generated is thought to be the cornerstone of the pain perceived during VOE. They
convert chemical and mechanical energy into electrochemical impulse. The release of inter-
leukin-1 activates the cyclo-oxygenase (COX) system that in turns converts arachidonic acid
into prostaglandins E2 and 12. This inflammatory soup created interacts to permit and facili-
tate the transduction and transmission of the painful stimuli from the periphery the central
nervous system via the nerve endings, spinal cord and the thalamus. Some of the mediators
(Substance P and bradykinin) also cause vasodilatation and extravasation of fluid leading to
focal edema and tenderness in the affected areas.

The peripheral nociceptors involved in the painful cascade send their signals via fast acting
A-delta and slow acting C fibers to the dorsal horn of the spinal cord by means of the dorsal
root ganglion. From the dorsal horn of the spinal cord, the pain signals travel contralaterally
through the spinothalamic tract to the thalamus that in turn has multiple interconnections with
other systems such as the limbic system (mediator of memory and emotion), the reward sys-
tem (mediator of pleasure and addiction) and the glia. The signals are then either facilitated or
suppressed at the level of the spinal cord by different modulators. The N-methyl-D-aspartate
(NMDA) receptor is probably the most important receptor involved in the facilitation of pain
transmission. Other important modulators include endogenous endorphins, serotonin and
norepinephrine. With knowledge of the implicated factors involved in sickle cell pain, better
management can be made targeting the involved transmitters, receptors and modulators.

3. Acute pain: the vaso-occlusive event

The vaso-occlusive event (VOE) is the most common cause of morbidity in the patients with
SCD [10]. VOE also account for the most common cause of hospital admissions and missed
school days. Some data report that up to 95% of hospital admissions related to SCD are for
acute painful crises [11, 12]. Multicellular aggregates leading to blood flow obstruction in
small blood vessels, depriving downstream tissues of oxygen and nutrient constitute the pain-
ful pathway of VOE, which was described earlier in this chapter. Although VOE-related pain
can affect any part of the body and often cause generalized pain, it more commonly presents
as pain in the extremities in the pediatric population, as opposed to being more commonly
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seen as headache, chest pain, abdominal and back pain in older individuals [13]. The average
duration of an acute pain crisis, based on hospital length of stay, is about 7 days [7]. Fever and
leukocytosis typically accompany the patient’s presentation and the extent of WBC tends to
correlate with the degree of pain [14, 15]. Also, the higher the level of Hb and hematocrit is,
the more likely it is that a VOE will occur [9]. Even if leukocytosis associated with VOE does
not necessarily signify an infectious process, careful evaluation should be undertaken, as these
individuals are highly susceptible to pathogens. A careful and thorough history and physi-
cal examination should be undertaken. Inquiring about the onset, location, radiation, quality,
relieving and aggravating factors associated with the current painful episode, any differences
between the current episode and previous episodes, the presence of fever, transfusion history,
medications, baseline hemoglobin level, and a thorough physical exam can assist in making
a more definite diagnosis. Any atypical presentation should prompt further investigation
(Table 1). The triggers of VOE can be physical, psychological, physiological and environmen-
tal among many. At any age group, a painful crisis typically begins with sudden onset of pain.

Although most individuals with SCD presenting to the healthcare professional with VOE will
exhibit different types complains as far as onset, location, quality and intensity of their pain,
the painful crisis will typical last between 7 and 10 days and can be described as possessing
four different phases: A prodromal phase, initial phase, established phase and resolving phase
[16-18]. A prodromal phase lasts 1-2 days and consists of aches, numbness or paresthesia in
the area that will subsequently become painful. Physical signs of the prodromal phase include
loss of usual appearance of the eyes (loss of luster or yellowing of the eyes). Laboratory values
are significant for a decrease in erythrocyte deformability and increase density of erythrocytes.
The second phase, initial phase, also lasting 1-2 days, is characterized by an increase in pain
level and laboratory findings such as decreased RBC deformability, increase in the number
of dense cells, red cell distribution width (RDW), reticulocytosis, leukocytosis, and relative

1. Detailed history:

¢ Pain: onset, location, radiation, quality, frequency, progressiveness, alleviating and aggravating factors,
home medications.

* Presence of fever

¢ Transfusion history

* Baseline hemoglobin

* Associated factors (Cough and respiratory symptoms, GI symptoms, neurological changes)
2. Thorough physical exam

* Body temperature

* Areas of tenderness

* Cardiac, pulmonary, skin, CNS, abdominal
3. Laboratory results (BMP, CBC)

4. Radiologic imaging based on history and physical (i.e., Abdominal CT for abnormal abdominal pain, Head CT if
any CNS manifestation present)

5. Initiate pain management algorithm (Figure 1) after serious complications rules out (stroke, acute chest
syndrome, splenic sequestration, pneumococcal sepsis, priapism)

Table 1. Primary investigation upon initial presentation of a SCD patient in pain.
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thrombocytopenia. The third phase, the established phase, is when the pain level is at its peak.
The patient will show signs of frustration, depression, will tend to complain about hospital staff
due to lack of appropriate treatment. Physical exam will show an elevated temperature, signs
of inflammation, joint effusions. Laboratory signs will consist of elevated WBC, decreased Hb,
and elevated reticulocyte count, elevated LDH, CPK and CRP. This phase is the longest for an
average of about 4-5 days. The fourth and final phase, lasting 3 days on average, is the resolving
phase; patients start showing signs of decreasing pain, RBC deformability increases, as well as
fibrinogen, orosomucoid, ESR, platelets and plasma viscosity. The blood level of sickled RBC is
decreased during the final phase. The increase in plasma viscosity leads to a hypercoagulable
state that becomes a culprit for recurrence of another painful crisis. In fact, about 16% of hospital
admissions because of VOE get readmitted with recurrence within 1 week of discharge [11, 19].
The reasons for readmissions include, but not limited to, withdrawal syndrome, premature
discharge, inadequate pain management during hospital admission, development of tolerance
to opioid medications, opioid-induced hyperalgesia (OIH). Analysis of children admitted to
hospitals with VOE show that patients typically show a blunted response to pain relief after
the fourth to sixth day of admission [20]. The reason for this phenomenon is unknown but
could be related to OIH, tolerance or provider inexperience with prolonged VOE pain. This
subset of patients is more likely to return to the hospital and get readmitted. Special attention
should be paid to readmitted patient since these tend a have a higher morbidity and mortality
rate. Also, care should be taken not to under treat patients in the resolving phase of the VOE;
Even if the pain seems to subside during this phase, it is important to continue aggressive pain
management, provide patients with appropriate discharge instructions to avoid overdose or
withdrawal after discharge, arrange for appropriate follow-up.

This table points out important factors to consider when doing a primary investigation of a
SCD patient presenting to the ED in pain. It is important to perform a full assessment of the
patient to rule out any serious adverse events that are commonly associated with SCD.

3.1. Treatment of acute sickle cell pain

The first time SCD was recognized as its own disease was in 1910 when a medical resident
observed the sickle appearing cell under a microscope [21]. Since then, many more discoveries
about the disease were made, and its treatment still remains a dynamic process with changes
constantly occurring. The therapeutic research initially consisted of finding ways to prevent
the blockage of small blood vessels by the sickles shape RBC [22]. It was not until the 1960s that
pain was recognized as a major symptom in SCD. Among the first pharmacological approaches
used to treat it figured papaverine and acetaminophen [23]. It was not until later that opioid
medications were used for the treatment of SCD and now represents the cornerstone of treat-
ment for acute painful crisis. Appropriate treatment of VOE crisis is crucial since the conse-
quences associated with the latter are many. Those involve acute chest syndrome in about 50%
of VOE-related hospitalization, acute multi-organ failure and sudden death [24-26]. Aborting
the acute painful episode at the prodromal phase could potentially prevent or minimize tissue
damage [16]. A wide range of treatment modalities exists for the treatment of acute sickle
cell pain. Nonpharmacological approaches such as acupuncture, heat, ice, relaxation tech-
niques and hypnosis but are not covered in detail in this chapter [9, 27-30]. Pharmacological
approaches for the treatment of VOE around the globe consist predominantly of opioid



20  Pain Management in Special Circumstances

analgesic including full agonists, partial agonists, mixed agonists-antagonists, antagonists but
also include opioid adjuvants as well as nonopioid analgesics such NSAIDs, acetaminophen
and other adjuvants [9]. As previously mentioned, VOE is the most common presentation (up
to 90%) of patients with SCD to the healthcare facilities (i.e., Emergency Department). The first
step in management focuses on immediate pain control with fluids and analgesics as evidence
exists demonstrating that rapid and efficient control of acute pain related to VOE reduces pain
scores, length of hospital stay, improve patient satisfaction [28, 31], reduce hospitalization in
patients with SCD and also a decrease in the development of chronic pain syndromes, which
is commonly seen in the sickle cell population [9, 32].

However, managing the pain could be more difficult than anticipated by the healthcare pro-
vider, as the SCD patient’s pain management differs from that of the rest of the population.
Indeed, the patient with sickle cell disease tends to be more tolerant to opioid medications
then the rest of the population due to chronic administration, VOE pain can appear out of pro-
portion for most providers and necessitates higher doses of narcotics which most emergency
department providers are not accustom to administer. This underlines the reason why most
patients with sickle cell disease report that their pain is undertreated in the emergency depart-
ment and that the providers lack understanding and compassion [9, 33-38]. Additionally,
VOE-related pain more exaggerated than expected, every patient possesses his own unique
sensation, perception and expression of pain.

Indicators of adequate VOE management consist, but not limited to, admission to the hospital
(indicates poor pain control in the ED), readmission to the hospital (indicator that pain was
not well controlled during hospital stay), length of stay (indicator of effective pain manage-
ment during hospital stay), pain intensity felt during ED visit or hospitalization (different pain
measurement assessment available), patient and parents satisfaction, increase or decrease in
VOE/SCD-related complications (Table 2).

The indicators of an effective treatment of SCD patients during their visit to the ED or admis-
sion to the hospital are shown here. Signs of ineffective treatment are admission from the ED
to the hospital, readmission to the hospital after discharge, increased length of stay in the ED
or the hospital, elevated pain assessment score, poor patient and/or parent satisfaction.

Facilities that have taken into account these indicators of effective VOE pain management
have demonstrated benefice in rapid treatment of patients presenting to their healthcare facil-
ity with VOE with an individualized plan for each patient. An individualized plan results in
decreased hospital admissions, readmissions, length of ED and hospitalization, substantial
decrease in pain scores, increased patient and parent satisfaction. Although no single plan
or approach is perfect for all patients, there are different algorithms that are available to the
healthcare provider that serve as helpful guide for the patient presenting with VOE. Using
an algorithm has shown to be simple, cost-effective and beneficial for the patient’s general-
ized well-being. Institutions that commonly encounter patients with VOE are encouraged to
either follow an existing effective algorithm or create their own. Every patient presenting to
the healthcare provider with VOE-related pain would require his or her own individualized
treatment plan [39]. Our preferred algorithm is inspired by the American Pain Society and is
detailed in the following paragraph.
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Figure 1. Management of SCD patient presenting to the ED with VOE.

This figure outlines our guidelines for the recommendation of the treatment of VOE in the ED.

Alternatively, institution that do not typically encounter individuals with SCD and that do not
have an algorithm in place for the management of a patient that presents to their healthcare
facility for the first time should involve starting with the lowest dose for the shortest duration
possible in order to control the symptoms if the pain is mild to moderate and the patient has
not been opioid naive [39]. If the pain is moderate to severe and the patient has previously
attempted an opioid medication without relief, a higher dose of opioid is preferred. From
that baseline, the physician should titrate the dose, and duration of the analgesic medications
upwards until adequate pain relief is achieved. On the other hand, as discussed earlier, the
patient who presents for a subsequent visit to the same healthcare facility should initially be
restarted on the same analgesic regimen with which adequate pain relief was obtained in the
previous visits for VOE crises.
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Admission to the hospital

Readmission to the hospital

Length of stay in the ED or hospital

Patient pain assessment (i.e., VAS, Baker-Wong faces scale)

Patient satisfaction

IR .

Parent satisfaction

Table 2. Indicators of effective/ineffective VOE treatment.

Whenever initiating opioid analgesia, it is mandatory to monitor for respiratory and seda-
tion status. Useful questionnaires such as the Richmond Agitation Sedation Scale (RASS), the
visual analogue scale (VAS) exist for sedation and pain assessment respectively. Respiratory
status is typically monitored by pulse oximetry and visual assessment although some institu-
tion advocate for continuous end-tidal carbon dioxide monitoring (EtCO,), especially when
using high doses of opioids.

The preferred and recommended primary pharmacological method to treat the VOE crises is
the opioid analgesic route and the commonly used medications include codeine, morphine,
hydromorphone, fentanyl, hydrocodone/acetaminophen, hydrocodone/ibuprofen, oxymor-
phone, oxycodone, methadone and diamorphine [9].

3.2. Opioid medications

The first opiate used for VOE in the ED was meperidine in the 1960s. At home, short-acting
oxycodone with acetaminophen was the most often used home medication. Morphine sulfate
then got FDA approval in the 1980s and became the opiate of choice for the management
of VOE in the 1990s. Not only did morphine show improvement in pain management and
decreased hospital admissions related to VOE, it also did not possess the feared seizure side
effect related to the meperidine metabolites, Normeperidine. These metabolites reduce the
seizure threshold and also accumulate in patient with renal insufficiency, a complication com-
monly seen in patients with SCD [40—42]. In today’s world though, as mentioned earlier,
many different types of opioid are used effectively for the treatment of VOE-related pain but
in the United States, intravenous hydromorphone is the drug most commonly used in the
hospital setting and oral oxycodone as home prescription medications [43]. As a comparison,
in the United Kingdom, intravenous morphine, diamorphine and oral oxycodone are the
most commonly used pain medications for VOE pain.

Opioid agonists produce their effect by binding into p receptors. The potency of a particular
opioid is dependent on the binding affinity or strength with which that drug binds to its recep-
tors and there is a great amount of variability of potency between different opiates. For example,
hydromorphone is 5-7 as potent as morphine while sufentanyl is 500-1000 as potent as mor-
phine. When an opiate binds to its receptors, it initiates a cascade of biochemical events that
starts with activation of G-proteins, inhibition of adenylate cyclase activity and extrusion of K**
that result in hyperpolarisation of cell membranes, which delays or prevents the transmission of
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painful stimuli. Additionally, there exists a multitude of different receptors that each mediates
the desired analgesic differently. Thus, the response to opioids depends not only on the type of
opioid used, but also on the number and activity of the opioid receptors that a certain patient has.
An opioid that binds a low number of receptors and has poor affinity, for example, is unlikely
to produce effective analgesia in certain patients even if the dose is high. On the other hand, an
opioid binding to an elevated number of receptors and with moderate or high binding affinity
would provide effective analgesia even if used in small doses. This is part of the reason, among
many others, why there is an immense variability to the pain response in patients with SCD. A
dose considered an under treatment for a particular patient could overdose another patient.

3.3. Opioids adverse events

Unfortunately, opioids are not without side effects. The long list of mild to moderate adverse
effects includes pruritus, nausea, vomiting, constipation, urinary retention, seizures, hives and
the notorious respiratory depression. As mentioned earlier, seizures are mostly associated with
meperidine. Other opioids have also possessed a potential for albeit a lot smaller and thought
to be derived from the neuroexcitation related to metabolite of the opiate. Opioid-induced pru-
ritus is one of the most prevalent complications with the use of opioids and is typically well
controlled by either hydroxyzine, diphenhydramine, low dose naloxone and, now recognized
as the most effective treatment, nalbuphine. The more serious complications, some of which
are very popular topic of debates in the world today include addiction, tolerance, withdrawal,
physical dependence and pseudoaddiction. A condition feared by many providers in today’s
world is addiction; a condition that is influenced by genetic, psychological and environmental
factors that lead to compulsive use despite harm. Opiates are strong stimulants of the reward/
pleasure system, increasing the level of dopamine in the system, which in turn enhances the
desire to achieve the reward/pleasure. Addiction can ultimately lead to overdose and death.
Tolerance, on the other hand, represents a state of adaptation in which exposure to the same
amount of the drug results in a lower effect than previously obtained. Physical dependence also
happens frequently and is the cause of the known withdrawal syndrome that manifests with
abrupt cessation or an exaggerated reduction in the dose of opiate administered. Signs and
symptoms of withdrawal include tremor, shakiness, anxiety, depression, lacrimation, rhinor-
rhea, fatigue, irritability, and diarrhea. Pseudoaddiction is very common in patients with SCD. It
is a state, in which the patient appears to be seeking for excessive amount of medication, but is
due to under-treatment of pain and resolves when the pain is treated properly. Opioid-induced
hyperalgesia (OIH) results from chronic administration of opioid medications. A process that
is not totally proven and well understood yet but is thought to result from a minor excitatory
pathway that becomes magnified with chronic use of the opiates and, ultimately, becomes the
dominant effect. The sites of pain from OIH are typically the same as the sites perceived during
the VOE crisis, but the quality of the pain differs. It is more neuropathic in nature.

3.4. Nonsteroidal anti-inflammatory drugs

Nonsteroidal anti-inflammatory drugs (NSAIDs) are the main adjuvant of opioid in today’s
therapeutic guidelines of most healthcare facilities. Ketorolac tromethamine is the NSAID
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most commonly used for this purpose; it is commonly administered either intravenously or
intramuscularly at a dose of 0.5 mg kg™ for a maximum of 30 mg every 6 h for 5 days. NSAIDs
partly inhibit the inflammatory cascade involved in VOE (see above). Although usually not
sufficient to resolve a pain crisis as a sole treatment, it works synergistically with opioids. For
moderate VOE pain, a single dose of 30 mg IV is typically sufficient. Opioids are limited by
their propensity to cause gastritis and gastric bleeding. The drug should be used cautiously in
patients with peptic ulcer disease or a history of gastrointestinal bleeding. NSAIDs can impair
kidney function and accelerate the renal injury produced by sickle cell disease itself. For these
reasons, many specialists avoid NSAIDs in patients with sickle cell disease.

3.5. Ketamine

Ketamine is gaining a lot of popularity for the treatment of VOE refractory to opioids. A lot of
institutions have integrated its use in their algorithm of VOE treatment and strong evidence
exists regarding its efficacy as an adjuvant to opioids and NSAIDs. Ketamine is a noncompeti-
tive antagonist at the N-methyl-d-aspartate (NMDA) receptor. This property has been shown
to modulate opioid tolerance and opioid-induced hyperalgesia. The use of ketamine is limited
by its psychiatric side effects such as hallucinations, abnormal dreams, nightmares and abnor-
mal behavior. Randomized controlled trials are still necessary for the regular implementation
of ketamine in SCD protocols.

4. Pain management of patients with sickle cell disease with chronic
and neuropathic pain

4.1. Chronic pain

In addition to the acute crises, patients with SCD also suffer from chronic pain, which often times
overlap with acute pain crises and create difficulty in designing a treatment plan. These individ-
uals can find management of their pain very difficult and therefore change providers frequently,
resulting in a higher degree of misdiagnosis and misperception of their pain. Identifying the
presenting syndrome can help individualize a treatment plan and therefore understanding the
signs and symptoms of chronic pain is crucial for aggressive and effective therapy.

Chronic pain is generally defined as pain that is present for 3 or more months. As opposed
to the acute pain, which is sharp and throbbing in nature with a sudden onset, chronic pain
is often vague, deep, and achy there is present for a longer period. Approximately 5-10% of
adult patients with sickle cell disease are affected with chronic pain [44]. However, a recent
study from Pain in Sickle Cell Epidemiology Study reported the incidence of chronic pain
in 29% of 292 adult patients [45]. These patients tend to be older and use more opioids [46].
The chronic pain is categorized into two types. The first type is objective and is due to vis-
ible signs such as leg ulcers and avascular necrosis which is associated with deep somatic
pain. The second type is due to recurrent acute attacks of painful crises. Failure to treat these
acute attacks can lead to chronic pain syndrome and resultant neuropathic pain. The exact
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pathophysiologic mechanism is not fully understood, however central component has been
described in which the threshold for the perception of pain is lowered, resulting in pain from
typically nonpainful stimuli (allodynia) and severe pain generated by mildly painful stimuli
(hyperalgesia) (Figure 2).

This figure depicts the age distribution of SCD patient with chronic pain. As demonstrated by the
figure, the larger proportion of SCD patients with chronic pain is between 20 and 29 years old.

4.2, Pathophysiology and mechanism

Although the exact mechanism underlying the transition from acute to chronic pain is not
fully understood, some contributing factors include chronic inflammation, organ damage,
and opioid-induced hyperalgesia [47]. According to a study presented at the Annual Meeting
of American Society of Hematology, patients with chronic pain (defined as >50% of days
reported as painful crises collected over 6 months) tend to be older (41 vs. 32 years), use more
opioids (11.45 mg/day vs. 2.92 mg/day), and have higher levels of mast cell activation [48].

Opioid-induced hyperalgesia is a state of sensitization caused by repetitive exposure to opi-
oids resulting in paradoxical response to pain. Although there is no understanding or consen-
sus on the biomolecular mechanism, it is believed to be secondary to neuroplastic changes in
the central and peripheral nervous system [49]. Despite it being a controversial topic, patients
with sickle cell disease with chronic pain do require increasingly higher dosage adjustments.

Recent research demonstrates clear evidence that chronic inflammation and mast cell activa-
tion plays a role in the chronic pain state of patients with sickle cell disease. Mast cells release
the neuropeptide substance P, which promotes neurogenic inflammation and nociceptive

Sickle cell patients with Chronic pain and at respective Age
groups

= 15-19 = 20-29 = 30-39 =40

Figure 2. Distribution of SCD patient with chronic pain.
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activation [48]. Additionally, tryptase, a serine proteinase found within mast cells appears far
more elevated in patients with chronic pain in sickle cell disease. This can help guide future
therapy directed toward inhibition of mast cell activation, and implementation of medications
such as Cromolyn. This can also help identify and diagnose patients with sickle crises who
present to the emergency department and are sadly mistaken as drug seeking opportunists.

4.3. Treatment/management

The cornerstone to therapy involves recognition of the disease state and assessment of the pain
intensity, which helps individualize therapy. Prevention of SCD pain is crucial by avoidance
of precipitating factors (dehydration, infection, diuretics, altitude, acidosis, and hypoxia), as
repetitive acute inflammation can result in chronic pain. The approach to pain management
in patients with SCD with chronic pain is multidisciplinary, involving the use of pharmaco-
logic analgesic drugs, nerve blocks, physical therapy, and cognitive behavioral therapy [46].
Discussion of hydroxyurea and other disease modifying therapies is appropriate. Close atten-
tion should be made to psychosocial issues including depression and social isolation [45].

Mild chronic pain can be treated with acetaminophen or dihydrocodeine. In patients with
liver failure, acetaminophen can be avoided and NSAIDS such as ibuprofen can be used,
but should be used with caution in patients with borderline renal function or failure. In
patients with moderate pain, consideration of slow release morphine with small amounts
of rapid-release morphine for breakthrough pain is advised [46]. Alternatives to Morphine
include hydromorphone, oxycodone, methadone, or transdermal fentanyl. Methadone in
particular can be efficacious in patients with suspected opioid-induced hyperalgesia due to
its N-methyl-D-aspartate (NMDA) antagonism and monoaminue uptake reuptake inhibition.
In patients who cannot tolerate opioid side effects and have contraindications the prior listed
opioid analgesics, tramadol, a selective Mu-receptor agonist and serotonin-norepinephrine
reuptake inhibitor can be considered [44]. The goal of chronic pain management is to maxi-
mize the quality of life rather than short-term pain suppression [45]. Other adjuvants include
partial opioid agonists such as buprenorphine, topical agents, corticosteroids, antihistamines,
benzodiazepines, antidepressants, anticonvulsants, and phenothiazines.

In patients with severe chronic pain, alternative procedures can be considered in addition to
opioid therapy. For example, in a patient with deep somatic pain of avascular necrosis of the
hip, an interventional nerve block could supply instant relief for 12 h, and potentially 72 h
if the injectate is liposomal Bupivacaine [49, 50]. Physiotherapy can help strengthen muscle
fibers and loosen stiff joints, preventing contractures and physical disability. Psychological
support with cognitive behavioral therapy can help the patient cope with pain or deal with
the mental agony and psychosocial stressors associated with sickle cell disease [46]. Adapting
to cognitive skills can also help alter the perception of pain as negative thinking has been
linked to higher pain scores. Massage therapy, relaxation techniques, and even self-prayer
have been reported in published studies to help with chronic pain [51]. The American Pain
Society strongly recommends psychological, behavioral and physical modalities as necessary
complements to pharmacologic therapy, as a significant effect on pain scores and activities
of daily living have been reported [52]. Orthopedic devices for back or leg support can be
deployed to reduce chronic pain in the hips or back. Orthopedic surgery, such as total hip
replacement should be deferred until the pain is no longer tolerable [46].
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Lastly, it important to note that patients with SCD are not immune to non-hemoglobin-
opathic pain. Excluding other disease processes is essential and misdiagnosis can be life
threatening. Conditions that can mimic the chronic pain state include but are not limited to
ischemic colitis, pancreatitis, bone marrow infarction, hepatobiliary disorders, and vertebral
body necrosis [53].

4.4. Neuropathic pain

In addition to acute and chronic pain, a neuropathic component of pain plays a large and
undiagnosed constituent of chronic disease. Data suggest that the development of neuropathic
pain is responsible for the transition from acute to chronic pain with aging [54]. The general
understanding is that multiple components of central sensitization and peripheral nerve
injury are responsible. Types of neuropathic pain include peripheral neuropathic (caused by
vaso-occlusive crises and neuropathies) and central neuropathic (caused by CNS damage,
ictus, and central sensitization). Peripheral nerve injury and prostaglandin release can sensi-
tize peripheral nerve endings and facilitate the transmission of pain along the A-delta and C
fibers to the cerebral cortex [44]. The exact mechanism, however, is poorly understood, which
hinders our progression toward achieving novel therapies.

Neuropathic pain from SCD occurs more commonly in older adults and females, which is
hypothesized to be secondary to abnormalities in pain signaling pathways. These patients
have extreme sensitivity to tactile touch (allodynia), increased pain from a normally painful
stimulus (hyperalgesia) and extreme sensitivity to temperature [45]. Some studies demon-
strate the prevalence to be approximately 20% of the chronic pain population. In a 2013 article
published in Pediatric Blood and Cancer, 37% of patients with SCD were identified to have
neuropathic pain and only 5% were reported to be taking a neuropathic pain drug (gabapen-
tin), which highlights the lack of diagnosis and treatment [55]. Thus, appropriate screening
tools such as the pain DETECT questionnaire could help identify patients with neuropathic
pain and help initiate treatment.

4.5. Treatment/management

Although no single treatment therapy exists, a multimodal pharmacologic approach can
be instituted in patients diagnosed with neuropathic pain. Treatment may include tricyclic
antidepressants (TCA, SSRI, SNRIs, MAQIs) or anticonvulsants (pregabalin, gabapentin),
although there is no data supporting its use in patients with SCD [56]. With a better safety
profile and less side effects than opioids, tramadol (a typical analgesic with weak opioid
receptor agonism and SNRI activity) can act centrally and be helpful in treating neuropathic
pain, but should be used with caution in patients with renal failure [57, 58].

5. Future of SCD pain treatment

Until SCD can be fully cured (possibly with gene therapy), new and improved treatment
modalities are necessary. The information currently available about SCD is that rapid and
aggressive therapy at the first sign of a VOE help reduce the length of the event and even
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abort it. Currently, patients with VOE receive treatment 2-3 days after the onset of the
prodromal signs [16]. Measurement should be made in the future to offer patients with
SCD methods of treatment available at home such as opioids (IV or IM), supplemental
oxygen, and rapid hydration methods. Anti-inflammatory agents and oral opioids rep-
resent the current home treatment modalities. Vasodilators also represent a fundamen-
tal therapeutic weapon for VOE, especially when used early. Administration of nitric
oxide (NO) in the emergency department has shown to abort the crisis in some patients;
however, no benefice was found when NO was used during the hospital stay [59-61].
Perhaps NO could be offer as a home medication and its use would be even earlier than
it would be in the ED. Recently, reports have emerged of small doses of opioid antagonist
in combination with an agonist enhanced the analgesic effect and delayed the develop-
ment of tolerance [62]. Recent trials targeting the inhibition of the capsaicin receptor tran-
sient receptor potential vanillin 1 (TRPV1) showed promising results in relieving pain in
patients with SCD [63].

6. Conclusion

Although many complications stem from SCD, leading to a significantly reduced lifespan,
pain remains the most cardinal sign of the disease and is still inappropriately treated. The
main explanations for the inadequate treatment are the providers’ lack of knowledge about
the disease and its narcotic requirement, lack of institutional treatment protocol in place and
lack of patient education. The most important factors about the treatment, to our knowledge,
are rapid and aggressive treatment as soon as signs of VOE happen, adequate rehydration
and oxygenation. The treatment modalities have evolved enormously since the discovery of
the disease and hopes for future treatment are bright.
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Abstract

Chronic post-surgical pain (CPSP) is a common problem following surgery. It has signifi-
cant impact on the patients” quality of life, chronic pain treatment services and resources
in general. The prevalence of CPSP ranges between 5 and 50% of all surgical patients,
but severe CPSP is present in less than 10% of the patients. The recognised potential
risk factors for CPSP are young age, female gender, overweight, psychological factors,
genetic tendency, pre-operative pain, surgery-related factors and severe post-operative
pain. Hence, early identification of patients at risk will help to reduce the proportion
of patients who are likely to develop CPSP. Different modalities of treatments or inter-
ventions are used to prevent the CPSP. These modalities include pre-emptive use of
gabapentin, pregabalin or SNRIs, perioperative administration of ketamine, NSAIDs and
steroids. In addition, the following interventions have been studied: surgical technique
selection, regional and local anaesthesia, intrathecal administration of morphine and
multimodal analgesia. Since the present evidence of these interventions is inconclusive
because of methodological issues, further studies are still needed to develop more effec-
tive and evidence-based strategies to prevent CPSP.

Keywords: chronic pain, post-surgical pain, prevention, gabapentin, anaesthesia

1. Introduction

Millions of people undergo surgical interventions annually all over the world. A majority
of them recover within a few days after surgery and go back to resume their routine daily
activities. However, it is estimated that one out of five patients who undergo surgery do not
completely recover and develop chronic post-surgical pain (CPSP) [1]. Indeed, surgery was
identified as one of the most common causes for chronic pain among patients who attended
pain clinics [2]. Although there is no universally accepted definition for CPSP, it is generally
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described as pain which persists after a surgical procedure beyond the surgical wound-heal-
ing time. There was no consensus about the time frame which defines chronicity following
surgery, and this ranged from 1 month to 1 year [3]. However, more recently, an International
Association for the Study of Pain (IASP) task force has defined the period as 3 months which
is consistent with the definition of chronicity in other types of chronic pain [4]. In the quest
for a clearer definition, Macrae proposed a four-point definition for CPSP. CPSP becomes
chronic if (1) the pain has developed as a consequence of surgery, (2) its duration is at least
2 months, (3) no other explanation exists for the pain and (4) the pain is not a continuation of
a pre-existing chronic pain condition for which the surgery was performed [5].

Studies have shown that the incidence of CPSP ranges from 5 to 50% [6]. Major surgical
procedures such as mastectomy are associated with a higher incidence (20-50%), whereas
minor procedures such as hernia repair are associated with a lower incidence (5-35%) [6].
Anatomically, the most affected sites are chest wall, breast, hip joints and iliac crest bone [1].

As any type of chronic pain, CPSP is considered as a major public health problem. It has a
huge impact on the quality of life and psychological well-being. Chronic pain has been shown
to affect mood, sleep and basic daily activities [7]. In severe cases, it can lead to disability. It
is also associated with a heavy socio-economic burden as a result of direct costs which are
related to treatment and indirect costs such as lost wages and unemployment [8]. Prevention
is far more important than treatment here because of the incurable nature of CPSP and its
association with neuropathic type of pain which is always difficult to treat.

Hence, the aim of this chapter is to review the pathophysiology of CPSP and to explore the
risk factors which contribute to its development, bearing in mind the great importance of
early identification of patients who are at risk before surgery. Different modalities of treat-
ments and interventions, which have been used in the context of prevention of CPSP, will be
discussed.

2. Pathophysiology

Understanding the pathophysiology of post-surgical pain is crucial for the development of
effective approaches to prevent and treat the CPSP. Pain is a psychological sensory experi-
ence which is caused by different factors. These factors are nociceptive, inflammatory and
neuropathic pain [9]. Two main mechanisms have been described to contribute towards
the development of CPSP. These are inflammation and surgical injury to major peripheral
nerves [6]. Tissue cutting and handling during any surgery causes the release of sensitising,
inflammatory cell mediators. These mediators are cytokines, bradykinin and prostaglandins.
These inflammatory mediators activate nociceptors which demonstrate reversible plasticity.
Nociceptor stimuli are carried to the dorsal horn of the spinal cord via primary afferent Ad
and C fibres as electrical impulses. Moreover, those electrical impulses will be taken to the
cerebral cortex and other higher centres via the contralateral spinothalamic and spinoreticu-
lar pathways: the two main ascending pain pathways which lead to the experience of pain.
This process leads to the occurrence of peripheral and central sensitisation. The peripheral
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sensitisation enhances pain sensitivity at the site of tissue injury. It occurs when the activation
threshold of nociceptors is lowered. This type of inflammatory pain, secondary to local excit-
ability, usually subsides once the source of the mediators subsides, as tissue healing occurs
or the disease process is controlled. Non-steroidal anti-inflammatory drugs (NSAIDs) inhibit
the production of prostaglandin E2 via locally induced cyclooxygenase-2 enzymes and hence
reduce peripheral sensitisation and pain. By contrast, the central sensitisation is an excitability
of neurons in the central nervous system (CNS). It occurs because of enhanced pain signalling
within the spinal cord in the second-order neurons due to ongoing nociceptive input which
may last longer than the initial stimulus. Clinically, this manifests as wind-up, long-term
potentiation, hyperalgesia and pain secondary to normally non-painful tactile stimuli (allo-
dynia). Wind-up happens with the repeated activation of C fibres. Under normal conditions,
due to the action of glutamate at N-methyl-D-aspartate (NMDA) receptors, a magnesium ion
blocks the NMDA receptor. However, due to the presence of continuous painful stimuli, the
response of second-order neurons to painful stimuli is amplified due to the removal of the
magnesium block. This explains the role of ketamine (NMDA receptor antagonist) in reducing
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Figure 1. An illustration of the two main mechanisms which contribute towards the development of CPSP (inflammation
and nerve damage). The pain pathways depicted here are the ascending pain pathways [10].
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or blocking wind-up. The long-term potentiation is the second-order neurons response which
last longer than the initial stimulus. Hyperalgesia results from an amplified response to pain-
ful stimuli due to both long-term potentiation and lowering of the pain threshold outside of
the area of inflammation [10].

Nerve damage is the second major contributor for the development of CPSP. It is very
important here to try to explore the mechanisms of differentiation of neuropathic from non-
neuropathic pain. In most affected patients, the pain component of CPSP is similar to pain
experienced as a result of neuropathic pain [11, 12]. In patients with CPSP, neuropathic pain
can occur as a consequence of spontaneous ectopic discharges from damaged nerves and
nearby undamaged nerves following nerve injury. Furthermore, disinhibition of pain path-
ways and facilitation of pain transmission occur due to loss of inhibitory interneurons in the
dorsal horn. Hypoesthesia and neuropathic pain are both caused by nerve damage. In addi-
tion, the presence of hypoesthesia in CPSP patients confirms the association between nerve
damage and CPSP [11, 12]. Thoracotomy is a good example of surgeries which may lead to
nerve injury. In thoracotomy, the use of a rib retractor blocks intercostal nerve conduction
by 50-100% in segments close to the incision [13]. Moreover, the degree of nerve damage
in thoracotomy correlates with the intensity of chronic pain [14]. In conclusion, acute and
chronic pain experience is a multifactorial complex process, involving physiological, genetic
and psychosocial factors. These factors contribute to the conversion of somatosensory activ-
ity into a pain experience, to the amplitude of and reaction to the sensation, and to related
changes in mood and behaviour [9] (Figure 1).

3. Risk factors

Various risk factors have been postulated to predict the development of chronic post-surgical
pain in patients undergoing surgical procedures [9]. These factors are; genetic susceptibil-
ity, preceding pain, acute post-operative pain, psychosocial factors, demographic factors and
surgical factors. These factors can be classified as patient-related and medical factors or to
modifiable and non-modifiable risk factors [6, 10]. Each factor will be discussed separately in
the subsequent text (Figure 2).

3.1. Genetic susceptibility

Different people respond differently to physiological and clinical pain because of the varia-
tion in pain sensitivity. This discrepancy in pain sensitivity is a recognised factor for suscep-
tibility to CPSP and response to analgesia [15-19]. There are strong indications that chronic
pain and specifically CPSP are heritable traits and that genetic variation accounts for about
half of the difference in pain levels. Studies done on rodents pointed to a strong heritable
component of susceptibility to develop neuropathic pain, but the responsible genes have not
yet been identified [19-21]. Future exploration of pain genetic may lead towards a remarkable
improvement in CPSP treatment and to a more specific and personalised pain medicine [22].
Analysis of patients’” DNA sequences of pain biomarkers and their analgesic responses to
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Preceding
pain

Figure 2. Potential risk factors for CPSP development.

medications will facilitate better understanding of CPSP pathophysiology, and thus it will
help to predict a patient’s likelihood of developing CPSP even before surgery. In addition,
these advances could help in providing effective treatment regimens that will prevent the
transition to chronic pain post surgically and help to provide treatment for those who had
already developed CPSP. The genetic role is further highlighted by the experimental studies
which were done on catecholamine-O-methyltransferase (COMT). In these studies, a correla-
tion was found between the increased COMT activities and the risk of developing chronic
temporo-mandibular joint pain [17, 18]. Many investigators have proposed that some clini-
cal disorders such as fibromyalgia, migraine, irritable bowel syndrome, irritable bladder and
Raynaud’s syndrome could be considered as markers of post-injury chronic pain [23, 24]. In
view of the complexity of neuropathic pain, it is very likely that more than one single gene
might contribute to the development of CPSP [9].

3.2. Preceding pain and acute post-operative pain

Multiple studies looked at the effect of perioperative pain on the development of chronic
post-surgical pain [25-34]. The factors mainly studied were the level of pain immediately
before the surgery, the presence of previous chronic pain (lasting more than 6 months) before
the surgery and acute pain at post-operative period. The first two factors have independently
predicted moderate to intense pain in the acute post-operative period [25, 26]. Three stud-
ies, which were done on patients who underwent hernia repair and amputation surgeries,
reported that the presence of pre-operative pain at the site of the operation or closer to it can
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predict chronic pain after the surgery [30, 33, 34]. In addition, the patients who experienced
more severe and long lasting pain before the surgery felt more severe pain after the surgery
compared to patients who experienced less severe pain before the surgery [29, 30]. Finally, the
last factor studied was the correlation between immediate post-operative pain intensity and
the development of chronic post-operative pain [31, 32]. Studies found an increase of two- to
threefold risk of CPSP development in patients with immediate post-operative pain [34]. In
conclusion, these associations indicate the potential for the prevention of CPSP by aggressive
control of pain both pre- and post-operatively and by addressing any chronic pain issues well
before planning for any surgery.

3.3. Demographic factors

Younger patients are more likely to develop chronic postsurgical pain than older patients [35-40].
Smith et al. [35] found that chronic pain was seen in 65% of the 3049 years’ age group, in
40% of the 50-69 years’ age group, and in 26% of patients older than 70 years. Another study
showed that the probability of incidence of CPSP decreased by 5% with each 1 year increase in
age in women undergoing breast cancer surgery [41]. Similar findings were seen after hernia
repair surgery [36]. The explanation for this higher incidence of CPSP in younger age group is
not yet known, but it might be related to the reduction in peripheral nociceptive function with
increased age [9]. Besides age, gender has also been identified as another demographic factor.
Studies showed that women have higher post-operative pain than men [42, 43]. Furthermore,
angina patients with a higher body mass index (BMI > 25) pre-operatively or at the time of
surgery were more likely to report CPSP [40]. A young obese female has been described as the
triad of high risk to develop CPSP in any patient undergoing surgery [6, 9, 42].

3.4. Psychosocial factors

Previous studies focused on biological factors as predictors for the development of CPSP, but
recently, the evidence moved more towards a biopsychosocial model. Multiple pre-operative
psychological factors have been studied. These are as follows: negative affective constructs
such as anxiety symptoms, depressive symptoms, pain catastrophising, general psychologi-
cal distress, perceived injustice and sensitivity to pain traumatization [44-57]. Patients with
state-trait anxiety are believed to be more hypersensitive and psychologically more reactive
to threatening stimuli [44, 57]. Studies showed that pre-operative anxiety and depression are
correlated with a higher post-operative anxiety, a higher post-operative pain intensity, higher
analgesia requirements and a longer length of hospital stay [44]. Fear of surgery was associ-
ated with more pain, poor recovery and a poor quality of life 6 months post-operatively. In
one study done on patients who underwent breast cancer surgery, emotional distress like
anxiety, depression, illness behaviour and somato-sensory amplification were reported as sig-
nificant risk factors for higher post-operative acute pain at 1 month, but were not significantly
correlated to persistent pain at 3 months post-operatively [58, 59]. On the other hand, a large
prospective study with a sample size of 625 patients who had undergone minor, intermediate
and major operative procedures found that the fear of the long-term consequences of sur-
gery had predicted an increased level of pain at 6 months post-operatively [60]. This finding
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was independent of the type of surgical procedure and other somatic factors. In addition,
research has explored the role of health-related beliefs, including catastrophising, in predict-
ing CPSP. Catastrophising, claimed to be a trait-like characteristic, had mainly been assessed
in non-surgical chronic pain populations or within the acute post-operative period [61, 62].
Studies reported that pre-operative catastrophising was the strongest independent predictor
of pain ratings 2 years after knee arthroplasty [51, 63]. Also, patients who presented with pre-
surgical anxiety and pre-surgical pain catastrophising before surgery were approximately
twice as likely to develop CPSP compared with controls [64]. Furthermore, perceived injus-
tice and sensitivity to pain traumatization might predict CPSP, but only a few studies were
done and further research is still needed [52, 55, 56]. On the other hand, high dispositional
optimism, high positive affect, low emotional distress, expectation of pain control and expec-
tations about functional recovery before surgery were significantly associated with a lower
pain intensity and fewer physical symptoms following surgery and a lower incidence of CPSP
at 4 months in women undergoing breast cancer surgery. Taken altogether, these studies
indicate that fostering optimism and enhancing self-efficacy and adaptive behaviours in the
perioperative period may help patients navigate through their post-surgical recovery period
[58, 65]. However, facing an uncertain future with the presence of health problems, and the
requirement from the patient to bear significant pain and functional impairment of important
daily activities during the recovery stage from major surgery makes it difficult for patients
to always maintain an optimistic attitude [66]. Nevertheless, one study found that lower pre-
operative pain self-efficacy scores, which assess a person’s confidence in performing general
activities despite pain, to be a significant predictor of greater functional limitations, but not
pain, at 1 year after total knee arthroplasty [67]. While another study also done in patients
undergoing total knee arthroplasty has shown that patients with a higher pre-surgical score
on the Patient Activation Measure (reflecting the propensity to engage in adaptive health
behaviours) experienced better pain relief at 6 months [68]. In conclusion, fear of surgery was
the most consistent psychological predictor of unfavourable outcome, whereas dispositional
optimism was related to a better long-term functional recovery after surgery. Further stud-
ies are still needed to develop a better understanding of the interaction between CPSP and
psychosocial factors.

3.5. Surgical factors

Multiple surgical factors are related to the development of CPSP. These factors are the dura-
tion of the operation, surgical technique (laparoscopy vs. open), incision site and type, the
experience of the surgeon and the centre where the intervention is performed [6]. In one
study, researchers found that patients who underwent operations lasting more than 3 h had
more chronic pain, poor functional outcome and poor global recovery at 6 months post-oper-
atively [60]. Generally, the more serious the medical problem or more complicated, the more
complex and longer the surgery [6]. Operations with a longer duration are associated with
more surgical trauma, more persistent surgical nociception and sustained peripheral injury
which in turn would trigger pathological changes in the central nervous system (CNS) [6, 9,
69, 70]. There is a strong relationship between the technique of surgery and the incidence of
CPSP. Evidence showed that the more severe the surgical insult or tissue damage, the greater
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the risk of persistent pain. Significant differences were seen between open and laparoscopic
procedures with a higher incidence of CPSP after open surgeries [71-73]. These findings were
observed in different types of surgeries (hernia repair, cholecystectomy and hysterectomy)
[71-73]. Less tissue handling and less intervention result in a lower incidence of chronic pain
development. Wallace et al. [74] reported that the incidence of CPSP varied from 53% for
mastectomy with reconstruction by implant, to 31% for mastectomy only, to 22% for breast
reduction. Also, nerve protection during cutting and tissue handling in the operation site or in
the neighbourhood during the perioperative period may decrease the incidence of CPSP. This
is explained by the fact that nerve injury produces acute and lasting changes not only in the
damaged nerves but also in the adjacent intact nerves [75]. Such effects would activate the pain
pathways in the CNS, and motor and sympathetic systems [75]. The experience of the surgical
team and the centre where the intervention took place have an impact on both morbidity and
mortality [76]. CPSP was observed more commonly in surgical units with a lower number of
cases and limited experience [76].

4. Potential for prevention

All surgeries carry the risk of CPSP but not all surgeries are medically necessary to be done.
Clinicians are looking to moderate the risks of CPSP by identifying patients who are at a high
risk prior to the surgical procedure. The identification of high-risk patients can be used to
a closer monitoring of these patients and to initiate timely interventions to prevent chronic
pain. Assessment tools can be used before surgery to identify the risk probability of develop-
ing CPSP by including some predictors such as age, sex, pre-operative pain, type of surgery,
incision size, and level of anxiety, among others [77]. Several modalities and interventions
have been investigated in the context of prevention of CPSP. Each of these modalities will be
discussed in the following parts of this chapter.

4.1. Pre-emptive and preventive analgesia

Pre-emptive analgesia is delivered prior to skin incision. It is initiated before the surgical
procedure in order to reduce peripheral and central pain pathways sensitization.

4.1.1. Gabapentin

Gabapentin has a well-established role in the treatment of several neuropathic pain condi-
tions. It is also known to possess anti-nociceptive effects. Such effects result partially from its
high affinity for the a 2 d subunit on pre-synaptic voltage-gated calcium channels, which are
often upregulated following nerve injury. This leads to the inhibition of calcium influx and
to the release of excitatory neurotransmitters, which produce central sensitization and the
sensation of pain [78]. The use of gabapentin in CPSP has been extensively studied. The recent
evidence indicated that perioperative gabapentin was effective in preventing CPSP. One
recent meta-analysis supported the view that the perioperative administration of gabapen-
tin was effective in reducing the incidence of CPSP [79]. Clarke et al. concluded that out of
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eight studies, four found that the perioperative administration of gabapentin decreased the
incidence of chronic pain more than 2 months after surgery. Six out of the eight studies mea-
sured pain 6 months after surgery, and the pooled results demonstrated a moderate to large
reduction in the development of CPSP (pooled odds ratio (OR) 0.52; 95% confidence interval
(CI), 0.27-0.98; P 0.04) [79]. Two other studies, which investigated the effect of administering
1200 mg of gabapentin before surgery with placebo, reported a reduction in the incidence and
severity of CPSP 6 months post -surgery [80, 81]. On the other hand, a systematic review done
by Chaparro et al. [82] indicated that the effect of gabapentin was equivalent to placebo in
preventing CPSP. Variations were observed in these studies in both the doses of gabapentin
which were used (ranged from 300 to 1200 mg per day) and the duration of use (1 h before
surgery to 10 days post surgery) [82]. Other variables, which could account for the conflicting
evidence for the effectiveness of gabapentin, include diverse surgical procedures and small
sample size.

4.1.2. Pregabalin

Pregabalin is a structural analogue of c-aminobutyric acid. It binds to the a 2 d subunit of
the voltage-gated calcium channel which subsequently lead to a decrease in the release of
neurotransmitters such as glutamate, norepinephrine and substance P, thereby targeting the
putative role of these transmitters in central sensitization in a similar way to gabapentin [83].
Chaparro et al. [82] conducted a systematic review in which five pregabalin trials with long-
term pain outcomes were included. Two different dosing regimens were used in these clinical
trials, either 150 mg 2 h prior to the induction of anaesthesia and 75 mg twice daily for two
post-operative days or a 300-mg single dose pre-operatively followed by a 14-day twice-a-day
(BID =50-150 mg). The heterogeneity (I2 of 28.5%) of dosing regimens was problematic with
respect to comparing long-term outcomes. Two studies demonstrated a significant benefit of
pregabalin as compared to placebo [84, 85]. While the pain outcomes differed at 3 months
follow-up, an overall significant effect of pregabalin was reported [82]. Moreover, two addi-
tional studies showed a significant reduction in the incidence of CPSP 6 months following
both total knee arthroplasty and off-pump coronary artery bypass surgery [84-86]. Therefore,
despite the heterogeneity between studies, the available literature favours the perioperative
use of pregabalin to prevent CPSP; however, the use of a high dose of pregabalin (300 mg) has
been associated with serious adverse effects such as visual disturbances, sedation and confu-
sion during the first day after surgery [85, 87, 88]. These adverse effects settled with continued
use, but led to an overall recommendation of using lower doses of pregabalin, with the aim
of reducing side effects and hence allowing the successful introduction of physiotherapy and
intensive rehabilitation during the immediate post-operative period [85, 87, 88].

4.1.3. Selective norepinephrine and serotonin re-uptake inhibitors (SNRIs)

Venlafaxine hydrochloride is a selective norepinephrine and serotonin re-uptake inhibitor
which is widely used as an antidepressant medication. It has a good safety profile as it does
not bind to cholinergic, histamine or alpha 1-adrenergic receptors . The efficacy of Venlafaxine,
which was administered perioperatively in patients with acute and chronic postmastectomy
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pain, has been investigated. The study concluded that venlafaxine significantly reduced the
incidence of CPSP at 6 months . Duloxetine is another SNRI medication which has been effec-
tively used in chronic neuropathic pain in patients with diabetic peripheral neuropathy and
fibromyalgia [89-93]. However, its role in the prevention of CPSP has not been studied. The
current evidence regarding the use of SNRIs in the prevention of CPSP is insufficient, and
further studies are still needed.

4.2. Perioperative prevention
4.2.1. Surgical technique

Since nerve damage is considered as one of the major causes of chronic postsurgical pain,
minimising nerve injury during any surgery is crucial. Nerve damage can be prevented or
minimised by adopting several surgical techniques such as laparoscopic surgery, precise dis-
section during open surgery, the use of a lightweight mesh for inguinal hernia repair and the
use of an intracostal suturing technique. Studies showed that laparoscopic herniorrhaphy and
minimally invasive thoracoscopic techniques might decrease the risk of nerve damage and
pain when compared with open surgery [94-96]. In addition, the avoidance of nerve damage
by making more precise dissection during open surgery or by using the intracostal suturing
technique to avoid direct nerve compression was also suggested to reduce the occurrence of
CPSP [13, 97]. The use of a lightweight mesh in inguinal hernia repair was intended to produce
less inflammatory response which would result in a reduction in the risk of CPSP [98, 99].

4.2.2. Regional anaesthesia

Regional anaesthesia is defined as the use of local anaesthetics to block the conduction of
impulses along nerves and to minimise the transmission of signals to or within the spinal
cord. Possibly, they prevent central sensitisation by preventing the nociceptive inputs into
the dorsal horn [10]. Examples of regional anaesthesia are spinal and epidural techniques
which act on the nerve roots. A recent Cochrane review concluded that epidural analgesia
and paravertebral blocks were effective in reducing the risk of CPSP at 6 months after tho-
racotomy and breast cancer surgery, respectively [100], whereas a study by Capdevila et al.
[101] did not show any benefit for epidural analgesia in reducing CPSP intensity after open
nephrectomy. Spinal anaesthesia has also been shown to be beneficial compared to general
anaesthesia in reducing the risk of chronic pain after caesarean section [102]. When compar-
ing the route of regional anaesthesia, similar outcomes for paravertebral block (PVB) and
thoracic epidural analgesia (TEA) were achieved [103]. In addition, a comparison between
either of these techniques and opioids alone favoured RA [104]. Evidence was in favour for
PVB for breast surgery and TEA for lung surgery [105]. The findings of these studies cannot
be generalised to other surgical procedures due to small sample size and the experience of
the centre where the procedure was conducted. In addition, the studies were heterogeneous
in terms of agents used and routes of delivery. Currently, the available evidence suggests that
regional anaesthetics as a class are equivocal to placebo for CPSP.
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4.2.3. Intravenous lidocaine

Lidocaine is a local anaesthetic which possesses analgesic, anti-hyperalgesic and anti-inflam-
matory properties. It is usually given intravenously, and it is used as part of a multimodal
analgesic regimen. Five studies found significant effects on the incidence of CPSP following
the administration of perioperative intravenous lidocaine infusion in several types of surger-
ies (breast surgery, robot-assisted thyroidectomy and nephrectomy) at 6 months post surgery
[106-110]. In conclusion, the available literature supports the use of intravenous lidocaine to
prevent CPSP after specific surgical procedures.

4.2.4. Ketamine

Ketamine is a non-competitive NMDA receptor antagonist. The NMDA receptor plays a
critical role in both the induction and maintenance of central sensitization and pathological
pain. Ketamine is thought to reduce pain and analgesia consumption by preventing NMDA-
mediated sensitization of the dorsal horn neurons in the spinal cord [111]. Generally, the
available evidence supports the perioperative use of ketamine to prevent CPSP. The effects of
ketamine on CPSP were investigated in 14 clinical trials, out of which, 12 trials were of good
quality to be included in a systematic review [82]. In most of these trials, pre-incisional load-
ing doses of ketamine, which ranged from 0.15 to 1 mg kg™, plus an intraoperative infusion
was administered. While ketamine was not better than placebo for the reduction of CPSP at 3
months after surgery, a subgroup analysis of trials which only included patients who received
ketamine for longer than 24 h demonstrated ketamine’s superiority over placebo. A more
definitive result was found for ketamine at 6 months following surgery, with an overall sig-
nificant decrease in the incidence of CPSP. Interestingly, at 6 months following surgery, stud-
ies in which patients had received ketamine for less than 24 h demonstrated a reduction in the
incidence of CPSP compared to studies in which ketamine was given for more than 24 h. The
two clinical trials which were excluded from the systematic review reported no significant
differences between ketamine and placebo [81, 112]. The reason for their exclusion was due
to lack of reporting of the outcomes of interest. While the use of ketamine to reduce CPSP
is empirically promising, the results still remain controversial due to the wide variability in
clinical settings, ketamine dose and duration, and reported outcomes. In addition, some of the
positive results were obtained using clinical anaesthesia regimens which are not accepted as
standard treatments [112, 113]. Overall, the available literature supports the perioperative use
of ketamine to prevent CPSP.

4.2.5. Intrathecal administration of morphine

Moriyama et al. [114] studied the effect of intrathecal administration of 0.1 mg morphine
in women undergoing caesarean section during surgery. No respiratory depression was
reported. The study concluded that although no effect on acute pain was observed, intrathe-
cal administration of morphine significantly decreased chronic pain after surgery by 50% at 3
months post-operatively [114].
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4.2.6. Multimodal analgesia

Multimodal analgesia has become the widely accepted modality of treatment for perioperative
pain. It is utilising different regimens of different classes of medications according to the type
of the surgical procedure and the institute where surgery is performed [115]. The main aim of
multimodal analgesia is to target several peripheral and CNS mechanisms to maximise pain
reduction, reduce opioids requirements and to decrease opioid-related side effects [103, 107].
A few studies have explored the effects of multimodal analgesia on CPSP prevention. The
evidence indicated positive effects at 3 months [116] and at 1 year following surgery [117].
Additional studies are required to study the effects of multimodal analgesia on different types
of surgical procedures and to find out whether its preventive effects do indeed reduce the
incidence and severity of CPSP.

4.2.7. Non-steroidal anti-inflammatory drugs (NSAIDs)

Prostaglandins are one of the inflammatory mediators activated during surgery which has a
possible role in CPSP pathophysiology. NSAIDs are a group of medications which are widely
used for their anti-inflammatory properties. They reduce the pain and inflammation through
the inhibition of the synthesis of prostaglandins by inhibiting COX-1 and COX-2 receptors.
NSAIDs can reduce secondary hyperalgesia and central sensitization [118, 119]. One study
showed that Celecoxib (COX-2 inhibitor) had reduced post-operative pain, the need for
post-operative opioid analgesia [120] and meanwhile did not inhibit bone healing following
arthroplasty surgery [121]. In summary, the available clinical trials are heterogeneous and
differ in the following: the type of drug used, follow-up time point and pain outcomes. None
of these trials demonstrated a significant impact of NSAIDs on reduction in the incidence or
severity of CPSP [122, 123].

4.2.8. Glucocorticoids

Glucocorticoids prevent pain by expressing anti-inflammatory properties and by prevent-
ing central sensitization [124]. Three trials studied the effects of perioperative corticosteroid
on CPSP. The studies used different types of steroids Dexamethasone, Methylprednisolone
and Hydrocortisone. A Cochrane review included these clinical trials. The results were
inconclusive, and the heterogeneity precluded any possible meta-analysis. The heterogene-
ity was due to variations in drugs used, follow-up time intervals and the measured pain
outcomes [82].

5. Future directions

CPSP remains as a challenging clinical problem. There are several areas which are promis-
ing and can be explored further in the future. Investigators could focus more on the better
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identification of individual risk factors and the development of assessment tools before
planning for any surgical procedure. There is a hope that we can develop better under-
standing about the genetics of pain to try to identify responsible genes and develop specific
therapies for them. Future studies could be designed to be more procedure-specific to help
us understand the mechanistic differences between surgical incisions and pathologies. The
role of the multimodal analgesia in the prevention of CPSP should be explored further in
view of the positive results of the few available studies. Advance in surgical techniques to
try to minimise nerve injuries as much as possible since nerve damage plays a major role
in the development of chronic postsurgical neuropathic pain is another promising area for
research. Future studies in the field of CPSP should be designed in a better way to include
a larger sample size, standard doses and regimens of drugs, and more consistent outcome
measurement tools.

6. Conclusion

CPSP is a complex process which is not fully understood. When it occurs, it affects the patients’
quality of life. Based on our current understanding of the pathophysiology, nerve injury and
inflammation are the two main responsible mechanisms for the development of CPSP. Specific
risk factors, which make some individuals at a higher risk than others for CPSP, have been
identified. Timely identification of these individuals based on their risk profile allows us to
develop appropriate interventions. Several modalities and interventions for CPSP prevention
have been investigated. These include pre-emptive and perioperative interventions (Table 1).
CPSP prevention is an important area for future research in view of the methodological prob-
lems with the majority of available studies.

1. Servmy provperatively for pevchological problems swch as anxiety, depression, and stress, and identify tvose patients for
special atlenlion, q:lpeciaﬂy if they are having & }l.ish-ri:.k prnu:dum

2 Control preoperative pain aggressively,
1 Comsider the pemiopemtive use o ﬁﬂlﬂpﬂ\lln ar prrg.llulm o ot e

4. Use cpidural analgesia fos thorsootomy and major lapasobomy and paravertcbral blockads for breast sungery.

5. 1E reghonal anacetbisia is not practical, consider perioperative intravenous Gidocaine infusion.

6. Control immediate postoperative pain ageressively and for &3 longz a5 necessary by oy appropeiate means,

Adapted with permission from reference [125].

Table 1. Evidence-based strategies to reduce the risk of chronic post-surgical pain (CPSP).
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Abstract

Pain is an unpleasant experience for all patients including intensive care patients; if it is not
treated properly, it has deleterious effects on patients” acute and chronic well-beings. In
ICU patients, it causes sympathetic stimulation leading to adverse hemodynamic effects
and after discharge, these patients are at the higher risk for developing chronic pain and
post-traumatic stress disorders. Apart from racial and regional factors, sleep deprivation,
anxiety, and delirium increase the pain perceptions. Pain assessment is a prerequisite for
adequate pain management. The ICU patients are sedated and ventilated, and assessment
scales differ depending on whether the patient is able to communicate. There are different
pain assessment scales for both groups of patients. The preferred mode of delivery of
analgesic medication is intravenous route as intramuscular and subcutaneous route are
not reliable for drug delivery in these patients. Patient and nurse controlled analgesia
gives better sense of pain control. In the treatment of pain, opioids are the commonly used
medications, but paracetamol, dexmedetomidine, and gabapentin are increasingly used.
Newer trends are multimodal analgesia, where the combinations of analgesic medica-
tions with different mechanism of action are used. Another trend is increasing use of
analgosedation; they not only control the pain but also relieve anxiety.

Keywords: pain, intensive care, pain scale, analgosedation, multimodal analgesia,
opioid, paracetamol, gabapentin

1. Introduction

Pain is an unpleasant sensory and emotional experience associated with actual or poten-
tial tissue damage, or described in terms of such damage [1]. Although relieving pain is a
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fundamental right, still majority of the intensive care patients will experience pain sometime
during their ICU stay particularly during dressing, the change of position and even at rest,
and it is a great source of stress. The majority of intensive care patients may be unable to self-
report their pain both verbally or with other signs because of an altered level of consciousness,
the use of mechanical ventilation, or high doses of sedative agents or muscle relaxant. The
incidence of significant pain is still 50% or higher in both medical and surgical ICU patients
[2]. In addition to experiencing pain at rest, pain related to surgery, trauma, burns, and cancer,
these patients experience procedural pain. It is ubiquitous, and inadequate treatment of pro-
cedural pain remains a significant problem for ICU patients. Nursing care procedures such as
bathing, massage of back and pressure points, sheets change and repositioning are the most
common painful procedures in ICU patients [2]. Vazquez et al. [3] analyzed pain intensity dur-
ing 330 turnings in 96 medical surgical patients and reported significantly increased pain score
between rest and turning. The bolus of analgesic was used in less than 15% of the turnings.

The adverse psychological and physiologic effects of inadequate pain control in critically ill
patients are long lasting and significant. The critically ill patients have identified pain as a
traumatic experience and discomforting. Recently, it is realized that more than 80% of the
ICU-discharged hospitalized patients had painful memories and discomfort associated
with the endotracheal tube, and 38% patients remembers pain as their worst intensive care
memory even 6 months later. Granja and colleagues [4] found that 17% of patients recollect
experiencing severe pain 6 months after discharge and 18% were at the risk for developing
posttraumatic stress disorder (PTSD). Schelling and colleagues [5] in their follow-up study
found that the patients with acute respiratory distress syndrome compared the non-ARDS
patients who experience pain and other traumatic situations when they are in the intensive
care unit and had a higher occurrence of chronic pain and posttraumatic stress disorders and
inferior quality of life.

The stress response due to pain has serious adverse effects in intensive care patients. It
increases the circulating catecholamine levels and causes arteriolar vasoconstriction, impair
tissue perfusion, and reduce tissue-oxygen partial pressure [6]. Other responses triggered by
pain include catabolic hypermetabolism resulting in hyperglycemia, lipolysis and breakdown
of muscle to provide protein substrate [7]. These changes will impair wound healing and
increase the risk of wound infection. Pain also suppresses natural killer cell activity [8, 9]
and results in a decrease in the number of cytotoxic T cells, leading to a reduced neutrophil
phagocytic activity [10]. Acute pain in ICU patients is a greatest risk factor for developing
debilitating chronic, persistent, and neuropathic pain [11].

1.1. Pain causing organ dysfunction in the ICU patients

In the ICU, patients are in need of pain medicine for various reasons, including weaning off
ventilatory support, pulmonary dysfunction and cardiac dysfunction.

1.1.1. Pulmonary complications and prolonged mechanical ventilation

Intensive care patients should be liberated from mechanical ventilation as early as possible
to prevent the occurrence of ventilator-associated events. Mechanical ventilation is indirectly
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responsible for other medical complications such as pressure ulcers, gastric ulcers, muscular
weakness and renal failure. The inadequate pain management will inhibit weaning from ven-
tilatory support [12].

Pulmonary dysfunction is a common complication of improper pain control in postoperative
upper abdominal and thoracic surgery as well as patients with abdominal pathology such
as pancreatitis and bowel ischemia, and so on, it causes abdominal muscle contractions and
results in a decrease in lung volumes and functional capacity The cough reflex is compro-
mised with the abovementioned pulmonary changes and leads to retained pulmonary secre-
tions, which complicates in the occurrence of pneumonia. Pain may induce vasoconstriction,
when it is coupled with venous stasis from immobility and can lead to thrombus formation
and fatal pulmonary embolism [13].

1.1.2. Cardiovascular dysfunction

Analgesia in patients with myocardial infarction or acute coronary syndrome is essentially
important. Hence, morphine or other opioid analgesics are one of the components of initial
therapy in these patients. Morphine reduces oxygen consumption by decreasing sympathetic
activity and increases blood delivery through its vasodilatory affects [14]. Hence, it is neces-
sary to treat the underlying cause of chest pain, but at the same time, the use of proper and
adequate analgesics is recommended.

1.2. Factors modulating the pain response

Apart from racial and regional factors, anxiety, delirium, sleep deprivation and psychosocial
history make ICU patients more susceptible to pain, even with the smallest stimuli. It is essen-
tial to address and minimize the following cofounding factor for pain modulation.

1.2.1. Anxiety

It is a double-edged sword, a factor causing pain and a result of pain. The intubated patients
in the intensive care atmosphere have a higher anxiety and stress as they are unable to com-
municate and express the pain. Heightened anxiety can lead to agitation and associated with
uncontrolled pain in the ICU patients. In combination with all, it can lead to patient ventilator
asynchrony and difficulty in wean from the ventilator [15].

1.2.2. Delirium

It is common finding in the ICU patients, caused by environment, metabolic, intracranial,
endocrine, organ failure, medication-related and respiratory conditions [15]. The ICU envi-
ronment is one of the important etiologies for delirium due to the high noon level of stimula-
tion, continuous sleep deprivation and ever-changing medical and paramedical staff. It can
be challenging to appropriately assess and treat pain for patients with delirium. Few physi-
cal changes in intensive therapy environmental may decrease the occurrence of delirium. It
includes having more windows, readable calendars, recognizable clocks in the ICU and to
provide continuity of care. It is equally important to have a repeated and clear communication
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with the patient about treatments and invasive procedure plans even when patients are not
able to verbally respond [15].

1.2.3. Sleep deprivation

It is an important contributing factor for increased pain response in ICU patients. In burns
patients, it is a well-realized fact that if these patients do not have proper night sleep, the intensity
of pain during the day time is higher [16]. Sleep deprivation in the ICU patients can result from
psychological states, bright lighting, noise from ventilators and monitors, and disrupted circa-
dian rhythms [14]. ICU patients” sleep will be improved by reducing exposure to bright light,
reducing ambient noise, respecting circadian rhythms and using appropriate sedative hypnotics.

2. Pain assessment in ICU patients

It is of vital importance that the pain be assessed properly so as to manage it well. As the
International Association for the Study of Pain also states, “the inability to communicate ver-
bally does not negate the possibility that an individual is experiencing pain and is in need of
appropriate pain-relieving treatment” [17]. Hence, the ICU physicians must learn to reliably
detect pain, using assessment methods adapted to a patient’s diminished communication
capabilities. The pain assessment tools are mainly divided depending on the patient’s ability
to communicate or not. In later circumstances, clinicians should consider patients’ behav-
ioral reactions as surrogate measures of pain, as long as their motor function is intact [18].
Detection, quantification, and management of pain in critically ill adults are the priorities and
have been the subject of research for the last two decades [19].

Pain assessments should include location, characteristics, severity, onset, progression, dura-
tion, quality, radiation, alleviating and exacerbating factors, and effects of previous therapies.
Pain should be assessed by self-reporting scales in patients able to communicate, or by behav-
ioral pain scores in patients unable to communicate. There are many self-report pain scales and
behavioral pain scales developed for use in intensive care unit adult patients, which unfortu-
nately are not always routinely used in the ICU. This self-reporting of their pain is the gold
standard of pain assessment and provides the valid measurement of pain [20]. The commonly
used pain intensity scales are the Numeric Rating Scale (NRS) and Visual Analogue Scale (VAS)
while Behavioral Pain Scale (BPS) is considered to be an alternative tool for assessing pain in
sedated and mechanically ventilated patients. The BPS assesses pain through the evaluation of
facial expression, upper limb movements and compliance with mechanical ventilation. Another
behavioral scale called the Critical-Care Pain Observation Tool (CPOT) may also be used.

There has been reluctance to use surrogates or individuals who make medical decisions
when patients cannot do, to report patients’ pain, due to their emotional attachment to these
patients. They have a potential for overestimating pain. In SUPPORT studyj, it is concluded
that surrogates can identify the patient’s pain 73% of the time and accurately estimate its
severity of pain 53% of the times [21].

The following pain scales will be useful in awake and cooperative patients:
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2.1. Visual analogue scale (VAS)

In this, the patient can see and describe the severity of pain on a scale of 0-10. Zero for no pain
and 10 for maximum pain (Figure 1).

2.2. Numerical rating scale (NRS)

Patients rate pain by writing on a 10-point scale (Figure 2) (0, no pain; and 10, most severe pain).

2.3. Verbal rating scale (VRS)

In this scale, the patient can verbalize the pain in four grades. Grade 1 indicates the absence of
pain, whereas severe pain is indicated by grade 4.

Pain scales and tools are used for patients unable to communicate.

2.4. Behavioral pain scale (BPS)

It is a clinical observational score depending upon the patient’s facial expressions, upper
limbs posturing, and tolerance of the controlled mechanical ventilation (Table 1). This score
ranges from 3 to 12, and a score of >6 require pain management [22].

No Moderate Worst
Pain Pain Pain
| | | | | | | | | |
I T T T T ] I I I T 1

fnka —— —~
@) (@) () (@) (o) (4
0 2 4 6 8

Figure 1. Visual analogue scale with its component.
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Figure 2. Numerical rating scale and its description of pain.
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Facial expressions Relaxed 1
Partially tightened 2
Fully tight 3
Grimacing 4
Upper limbs No movements 1
Partially bent 2
Fully bent with fingers flexion 3
Permanently retracted 4
Compliance with mechanical ventilation Tolerating movements 1
Coughing but tolerating ventilation most of the time 2
Fighting with ventilator 3
Unable to control the ventilation 4

Table 1. Behavioral pain scale and its components.

2.5. Critical care pain observation tool (CPOT)

This pain assessment tool has four clinical components, facial expressions, body movements
and muscle tension and compliance with the invasive mechanical ventilation. CPOT score
ranges from 2 to 8. A score of more than 2 requires pain management.

3. Mode of analgesia administration in ICU patients

The mode of analgesic medication administration is an important factor for the pharmaco-
logic management of pain in the ICU. Intravenous (IV) administration is more commonly
the route of choice in critically ill patients because of altered GI tract function that could
lead to unpredictable absorption of medication. Intravenous route is generally preferred
over subcutaneous or intramuscular routes given potentially inadequate absorption due to
regional hypoperfusion due to shock, subcutaneous oedema. The Fentanyl patch can be used
for chronic pain relief in stable patients but not in ICUs or for acute pain relief because of the
12-24 h delay in peak serum levels.

The choice of intermittent versus continuous infusion administration depends on factors such
as the frequency and severity of pain and the pharmacokinetics of the analgesic medication.
The administration in bolus is associated with the variation in the peak plasma concentra-
tion, since the infusion maintains a more stable concentration but can lead to accumulation of
medication in patients with renal or liver failure.

3.1. Patient-controlled analgesia (PCA)

It is an effective method for administering analgesic medication and gives patients a sense
of control over their pain. Patients have autonomy on when and how much medication
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they receive. However, this technique requires awake and orientated patients which make
use of PCA limited in ICU patients. In combination with intravenous paracetamol and pro-
paracetamol, the opioid consumption is significantly less [23].

3.2. Nurse-controlled analgesia (NCA)

It is inferior to the PCA but still can be useful, as nurses can administer the analgesia quickly
when required or during the procedures.

3.3. Regional (nerve blocks) and neuraxial (spinal or epidural)

Analgesia techniques are used in ICU-selected trauma patients and surgical procedures.
Epidural analgesia is probably the most commonly used regional anesthetic technique in
the ICU. It is more useful in critically ill postoperative thoracic, abdominal, major vascular
surgery, orthopedic surgery and trauma patients. Positioning patients during catheter inser-
tion is a challenge for using regional anesthesia in ICUs. The main disadvantages of epidural
and regional analgesia are the rare but catastrophic complications such as infection, epidural
hematoma formation and nerve damage, which can occur in ICU patients who have a high
risk of developing these complications [24].

The combination of intravenous opioid PCA, paracetamol and regional anesthesia techniques
is multimodal analgesia which decreases the total opioid analgesia consumption and hence
decreasing the side effects and better patient comfort. The NCA proved to not be superior to
PCA and increases the rapid response team activation.

4. Analgesic medications used in ICU patients

Opioids are the main medications used for analgesia in ICU patients due to potency, con-
comitant mild sedative and anxiolytic effects. It can be administered by multiple routes. The
commonly use opioids include Fentanyl, Remifentanil, and Morphine. The choice of opioid
and the dosing should be individualized based on potency, pharmacokinetics and pharmaco-
dynamics, adverse effect, patient comorbidities and organ dysfunction [25].

4.1. Morphine

It is the most frequently used medication in cancer patients. It is the standard by which
other opioids are compared. Morphine is directly extracted from opium poppies; it stimu-
lates the release of histamine which produces allergic and vasodilation-induced cardiovas-
cular instability. Initial bolus intravenous (IV) morphine 2 mg dose administered slowly
over 4-5 min then can be titrated with 1-2 mg every 10-15 min till adequate analgesia
is achieved. Continuous IV morphine can be administered with an initial 2-5 mg bolus
dose followed by 1 mg/h. Morphine is primarily metabolized in the liver and it is excreted
through kidneys. It has active metabolites; morphine-3-glucuronide and morphine-6-glu-
conoride. Accumulation of these metabolites in renal insufficiency can produce opioid tox-
icity and adverse effects such as nausea, sedation, respiratory depression myoclonus and
seizures (Table 2) [25].
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Analgesic medications Dosage Half-life Main adverse effects

Morphine 2-5 mg bolus, 2-4h Purities, hypotension and metabolites accumulation

1-10 mg/h infusion in renal in impairment

Fentanyl 25-100 ug bolus 2-5h Muscle rigidity, accumulation in hepatic
25-200 pg/h impairment
Remifentanil 0.5-2 mg bolus 3-10 min Bradycardia and hypotension

0.5-15 ug/kg/h
Dexmedetomidine 02-1.4 pg/kg/h 6minto3h Cardiac asystole, bradycardia and hypotension

Paracetamol lgevery6h 2-3h Hypotension, liver and kidney injury

Table 2. Various opioids and non-opioid analgesic, their dosage, half-life and side effects.

4.1.1. Fentanyl

Fetany is a synthetic opioid that is 100 times more potent than morphine. It has far more lipid-
soluble property than morphine and is easily taken into the CNS. Compared to morphine, it
does not cause histamine release and hence no vasodilation and hypotension, making Fentanyl
the preferred choice for hemodynamically unstable patients. Its intravenous onset is immedi-
ate with a short duration of 30 min to 1 h, and it is extracted though liver. Fentanyl is given IV
in 25-100 pg boluses for 1-2 min and then is repeated every 10-15 min till pain is controlled.
Moderate—severe pain: a loading dose of 50-200 pig intravenously followed by 25-50 pg/hr. is
typically administered. Its administration for more than 5 days causes accumulation in fatty
tissue, which is mobilized after the drug is stopped and may cause prolonged sedation [25].

4.1.2. Remifentanil

It is a fast-acting and an equally fast recovery drug. It is 200 times more potent than morphine.
Its metabolism does not depend on the liver. Analgesia-based sedation with remifentanil is
a useful option for mechanically ventilated patients, and it can be used in patients that need
frequent neurological assessment. Hence, it is a drug of choice in analgosedation in ICU. It
has shown a shorter duration of mechanical ventilation and quicker ICU discharge with
Remifentanil compared with other opioids. It offers precise control of analgesia for painful
procedures in ICU patients and has a highly predictable onset and offset, with a stable con-
text sensitive half-time (3-10 min). Initial dose adjustment is not required for patients with
impaired renal and hepatic functions. Remifentanil can be administrated in higher doses than
are normally used with other opioids without concerns about accumulation and the possibil-
ity of unpredictable and/or delayed recovery. Frequently, ICU patients are managed without
bolus doses, and it is recommended that remifentanil infusions should be started at 6-9 ug/kg/h
and then titrated in the range dose of 0.5-15 pg/kg/h. The major adverse effects are hypoten-
sion and bradycardia (Table 2) [24].

4.1.3. Tramadol

It is a centrally acting opioid-like medication, acts by binding to the p opiate receptor; it is
a pure agonist and inhibits adrenaline and serotonin reuptake. The most common adverse
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effect includes nausea, vomiting, dizziness drowsiness, dry mouth and headache. Tramadol
causes less respiratory and cardiovascular depression, euphoria and constipation. Initial
bolus dosage is 100 mg. After 90 min following the initial bolus, further doses of 50 mg may
be given every 30 min up to a total dose of 250 mg. Subsequent doses should be 50 or 100 mg
for 4-6 h up to a total daily dose of 400 mg [24].

4.2. Non-opioid analgesic agent or adjuvants used in ICU patient

Non-opioid analgesics are use in the management of mild to moderate pain and moderate
to severe pain with adjunctive opioid analgesics. The potential advantages of multimodal
analgesia, which involves a combination of analgesics with different mechanisms of action,
include improved analgesia with a lower opioid dose required and a decreased risk of opioid-
related adverse effects [24].

4.2.1. Nonsteroidal anti-inflammatory drugs (NSAIDs)

NSAIDs have opioid-sparing effect but they are not sufficiently investigated in ICU patients.
Their use in ICU patients is still controversial. The most worrying adverse effect includes
gastrointestinal bleeding, renal dysfunction and inhibition of platelet function.

4.2.2. Paracetamol

It is commonly administered for the short-term treatment of mild to moderate pain and febrile
critically ill patients with infection. It differs from the available opioids and NSAIDs, since
paracetamol does not increase the incidence of nausea, vomiting and respiratory depression that
can occur with opioids, or the platelet dysfunction, gastritis and renal toxicity that are associated
with NSAIDs. It has a relatively good safety profile but there is limited information regarding IV
use in critically ill patients. The study to date has described that paracetamol can cause transient
abnormalities of liver function and may cause hypotension in critically ill patients. Acute liver
failure is the most serious potential complication of the use of paracetamol. The key criteria for
assessing potential hepatotoxicity with conventional doses of paracetamol may include hypoxic
injury, altered pharmacokinetics, relative over-dosage, muscle glutathione depletion, malnutri-
tion, dehydration, older age and alcoholism which are often seen in critically ill patients [24].

4.2.3. Prop-paracetamol

It is a prodrug form of paracetamol which is formed from the esterification of paracetamol
and the carboxylic acid diethyl glycine. It has the advantage of making it more water-soluble.
It is used in postoperative care and is delivered by intravenous route [23].

4.2.4. a2-agonists

The Clonidine and Dexmedetomidine are a2-adrenoceptor agonists, which provide both anal-
gesia and sedation. Hence, they are also termed as analgosedation agents. Dexmedetomidine
has eight times more affinity for a2-receptors compared with clonidine.

Dexmedetomidine infusion has been shown to reduce the prevalence and duration of confu-
sion and delirium when compared with the use of morphine and midazolam [25].
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a2-Agonists are used to improve the quality of analgesia and aid opioid rotation in opioid-
tolerant individuals. The side-effect profile of both a2-agonists includes bradycardia, cardiac
asystole and hypotension. Although rare, it can cause rebound hypertension and can cause
withdrawal syndrome.

4.2.5. Ketamine

It is an N-methyl-aspartate antagonist, commonly used as analgosedative agent. Its use in
combination with the opioid PCA reduces the opioid consumption and side effects. In com-
bination with midazolam, ketamine provides effective analgesia in sickle cell crisis patients.
Ketamine has an opioid-sparing effect and commonly used in lower dosage in burns patients.
The main side effects of ketamine are tachycardia, hallucination, delirium ketotonia and
increase intracranial pressure [25].

4.2.6. Magnesium

It acts through the NMDA receptors and acts as adjunct by reducing analgesic requirements
without any major adverse effects, but there is no evidence that magnesium has any opioid-
sparing effects in the critically ill patients [25].

4.2.7. Gabapentinoids

The Gabapentin and Pregabalin work by binding to the a2d subunits of voltage-dependent
calcium ion channels. They reduce the development of hyperalgesia and central sensitization
and are useful adjuncts in the treatment of neuropathic pain.

Gabapentin compared with Carbamazepine or placebo reduces pain intensity in patients
with GBS (Gillian Barrie syndrome) without increasing side effects. Gabapentinoids are used
mainly in neuropathic and post-burn debridement pain. The extra advantage is that these
medications are available in the enteric form and get absorbed in the duodenum; hence, one
has to be careful when the patient is fed through a jeujenostomy tube. The major side effects
of these medications are confusion, dizziness, ataxia and convulsions [25].

5. Few final recommending points

5.1. Hospital pain team

Consider referring complex ICU patients to the hospital pain team. It helps the patients on
multimodal therapy but if still experiencing severe pain. Referral to the pain team can often
lead to an increased level of support that would benefit the suffering patients, and once
patients are discharged from the critical care unit, the pain team follows them to the ward [26].

5.2. Alternative therapy

The alternative medicine modalities of pain management like transcutaneous electrical nerve
stimulation (TENS), acupuncture and aromatherapy have a very weak evidence base pain man-
agement in intensive care, but should be considered as the adverse-effect profile is low [25].
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5.3. Reassessment

Patients must be evaluated hourly to ensure appropriate response to therapeutic inter-
ventions so that health-care providers can proactively act to relieve pain. If reassessment
reveals inadequate pain control despite the initiation of therapeutic interventions, we
should consider titration of medications, rotation of medications or changes in the route of
administration [26].

5.4. Guidelines and protocols

These guidelines should be developed that combine a scientific basis and expert opinion.
Wellness model from the World Health Organization’s treatment of pain after cardiac surgery,
we can see that guidelines and protocols lead to the effective management of post-cardiac
surgery pain. If we look at the complexity of ICU pain, we need to have organized protocols to
help us care for these patients. The examination of published literature reviews and evidence-
based guidelines can facilitate the development of institution-specific guidelines.

5.5. Clinical pathways

It provides a consistent and repeatable time line for planning individualized patient care.
The pathway details the precise course of the patient, including multidisciplinary elements. It
includes history, examination, diagnostics and treatment and incorporates pre-emptive treat-
ment for procedures as well as management of chronic pain issues [26].

5.6. Checklists

It is a way to verify that clinical pathways or tasks are completed and it is a good way to
ensure that pathways or tasks are followed. It helps in errors prevention [26].

5.7. Daily goals

Daily goals highlighting by white board, electronic reminders to all members of the multi-
disciplinary team can access the plan and ensure that the patient is being treated from all
perspectives [26].

6. Conclusions

Intensive care unit (ICU) patients are at the higher risk of pain and they are having pain even
while resting. If pain is not adequately treated, it leads to adverse effect and increases the
chances of chronic pain and posttraumatic stress disorders in these patients. In ICU patient,
anxiety, delirium and sleep deprivation increase the sensitivity to pain. The organ dysfunc-
tions in these patients will decrease the potency of analgesic medication and increase the
toxicity. Pain assessment is the basic essential factor in adequate management of pain. The dif-
ferent pain scales are used depending on their abilities to communicate. The commonly used
analgesic medication in ICU patients is opioids but there is an increased use of multimodal
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analgesia and analgosedation approach obvious reasons. In the management of pain in ICU
patients, the involvement of pain management teams, the use of clinical pathway, guidelines
and protocols may have better impacts.
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Abstract

Acute and chronic pain management during pregnancy, after delivery and even during
lactation are challenging even for experienced physicians. This chapter intends to cover
pregnancy-induced physiological changes in relation to pain conditions. It also covers
the most common pain disorders in pregnancy and provides a comprehensive summary
of the pharmacological and non-pharmacological options for pain management in preg-
nancy. Additionally, pain management in context of opioid abuse will also be covered,
as high prevalence of opioid prescription is linked to the very poor maternal and fetal
outcomes. The possibility of maternal opioid abuse and fetal opioid withdrawal should
be known to all physicians, given its rising trends. Multimodal protocols and opioid spar-
ing strategies are highly essential for safe pain management during pregnancy and have
been discussed. This chapter is intended to be a fast and detailed review for residents,
pain fellows, and physicians who seek pain control in pregnant women.

Keywords: pain management during pregnancy, pregnancy related musculoskeletal
pain, non-pharmacological pain management, opioid crisis, opioid use disorder,
neonatal abstinence syndrome

1. Introduction

Pain during pregnancy is not necessarily limited to labor pain and includes musculoskeletal,
urological, neuropathic, and psychosocial pain. This can pose a diagnostic and management
challenges, especially in terms of medication selection. If left untreated, it can lead to anxiety,
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depression, and even physical disability. Pain can persist postpartum with severe symptoms
in 10% of patients and can sometimes last for more than 10 years after delivery [1]. There are
multiple barriers to effective pain management in pregnancy. In addition to the complex and
multifactorial nature of pain, there is a worldwide misconception that acute musculoskeletal
pain during pregnancy is a normal physiological consequence that should be coped with.
There is also fear of undesirable pharmacological effects of pain medicines on the fetus that
prevent patients from pursuing treatment options.

Another challenge is the ongoing opioid crisis. Progressive increase in opioid prescription
and lack of familiarity with non-pharmacological pain management or multimodal proto-
cols have led to a sharp increase in opioid abuse, admission to rehabilitation facilities, and
increased overall maternal and fetal morbidity and mortality [2].

2. Physiological changes in pregnancy affecting pain

Pain occurring in pregnancy could be a result of mechanical and/or biochemical changes aris-
ing from changing physiology. The average pregnant woman gains 10-18 kg of weight (an
approximate of 20% increase from baseline), doubling the mechanical load on axial joints and
ligaments [3, 4]. The core muscles responsible for core stabilization and balance are stressed
as well. The gravid uterus stretches the abdominal muscles and pelvic floor muscles. There
is an upward shift of the center of gravity leading to some compensatory hyperlordosis with
stretching of lower back muscles, significant anterior pelvic tilt with rotation of the pelvis on
the femur, and increased use of hip extensors and abductors. There is also more head flexion
and drooping of the shoulders [5]. Enlarged breasts and malposition during breastfeeding
could also lead to thoracic kyphosis.

Hormonally induced structural changes include increased ligament and joint laxity, decreased
bone density and weaker collagen, all of which have been associated with back pain [6, 7]. The
Relaxin hormone is secreted from the placental decidua and corpus luteum to increase the myo-
metrium relaxation and cervical softening by altering the matrix metalloproteinase and glycos-
aminoglycan compositions [8]. While the correlation of Relaxin hormone level with pain has
been inconsistent, it can contribute to joint and ligament laxity and symphysis pubis dilation
[7]. There is fluid gain of 2-3 1, which are locally entrapped in legs and ankles which in addition
to global water retention contributes to joint stress [9]. This further contributes to joint stress.
Improper joint loading can persist in the postpartum period due to continued ligament laxity
and core muscle weakness. The net effect is low back pain (LBP) and pelvic girdle pain (PGP).

3. Non-labor chronic pain

Acute and chronic pains are very common in pregnancy, with an incidence of at least 60% for
LBP and 20% for PGP. Chronic non-labor pain is any subjective unpleasant sensory experi-
ence, both physically and emotionally, with actual tissue damage not relating to obstetric
origin for more than 6 months. Some authors accept a 3-month timeframe if pure central
neuromodulation has been documented [10]. Chronic pain has been associated with poor
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academic achievement, increased job loss, disability, anxiety, depression, sexual dysfunction
and reduction in relationship satisfaction. These collectively contribute to a lower quality of
life (QOL) [11]. Chronic pain guidelines classify chronic pain into pain with a specifically
identifiable pathology (such as infection or malignancy) for which there is specific treatment
or pain with non-specific pathology. Non-specific pain could be somatic, visceral, neuro-
pathic, psychosocial, or combined. (Table 1) summarizes the type of chronic pain in pregnant

women.

Somatic

Visceral

Neuropathic

Psychosocial

Musculoskeletal

Gynecologic

Urological

Gastrointestinal

* Herniated disk—cauda equina syndrome

* Neuralgia—nerve impingement

® Prior or current physical or sexual abuse
* Depression—somatization disorder

e Substance abuse

Pelvic floor dysfunction
Spondylosis
Myofascial syndrome —fibromyalgia
Endometriosis (most common)
Pelvic adhesive/congestion syndrome
Infections:
Tuberculous salpingitis—chronic PID
Malignancy:
Gynecologic malignancy
Mechanical:
Prolapse of pelvic contents
Adnexal cysts—cervical stenosis
Congenital: Urethral diverticulum
Malignancy: Bladder neoplasm
Infection:
Nongynecologic—interstitial cystitis
Recurrent UTI—urethritis

Stones: (nephrolithiasis/urolithiasis)

Inflammatory:
Inflammatory bowel disease
Diverticulitis — colitis —celiac sprue
Malignancy: Colon neoplasm
Functional: Irritable bowel syndrome

Constipation

Table 1. Chronic pain conditions in pregnant women.
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3.1. Musculoskeletal pain

Musculoskeletal pain is any pain that originates from muscles, tendons, or ligaments. Back
pain and pelvic pain are among the most common types of chronic musculoskeletal pain in
pregnancy [5]. Other less common types are cervical, thoracic, rib, abdominal wall, and chest
wall pain. Acute musculoskeletal pain directly after labor could be due to sacral stress frac-
ture, coccydynia (from coccygeal fracture, dislocation, or contusion), perineal tear after trau-
matic vaginal delivery, or symphysis pubis pain (from contusion or symphysis separation).

3.1.1. Lower back pain

Lower back pain (LBP) is any pain occurring between the 12th rib and the gluteal fold. LBP
commonly occurs at lumbar spine level L4-5 and is believed to be a combination of mechani-
cal strains, muscles weakness, joint laxity, and connective tissue edema without any identifi-
able etiology on imaging studies [12]. Less common causes are myofascial pain, lumbar disc
herniations, and true sciatica. Magnetic resonance studies did not show any difference in the
incidence of asymptomatic disc bulge or herniation in pregnant women compared with non-
pregnant women [12].

3.1.2. Pelvic girdle pain

Pelvic girdle pain (PGP) is any pain occurring between the posterior iliac crest and glu-
teal fold down to the symphysis pubis. Also called lumbopelvic pain, it is the second most
common pregnancy-related musculoskeletal complaint after LBP; however, it is even more
disabling. PGP is classified into four categories: unilateral sacroiliac syndrome, bilateral sac-
roiliac syndrome, symphysiolysis (separation of the pubis), and pelvic girdle syndrome (pain
in all three pelvic joint regions, namely the two sacroiliac joints and the pubis). The sacroiliac
joint (SIJ) is the most common source of pelvic girdle pain in pregnancy [20], followed by
pelvic floor muscle dysfunction, which is prevalent in 50% of pregnant women with pelvic
pain. MRI studies have reported the pregnancy-induced SIJ changes to be SIJ-bone marrow
edema (BME), joint fluid accumulation, capsulitis, enthesitis, and subchondral sclerosis [13].

3.1.3. Risk for musculoskeletal pain

While mechanical strain can occur routinely in pregnancy, musculoskeletal pain development
is not universal. Risk factors include multiparity, preexisting joint disorders, obesity, and
depression. LBP progressively increases with each trimester; however, it has a favorable post-
partum course as the pain resolves at least in 80% of patients. Unfortunately, 20% of patients
still report pain up to 3 years after delivery. The underlying etiology, severity of the symp-
toms and degree of anatomical changes (such as exaggerated symphysis widening and pelvic
asymmetry) determine the intrapartum and postpartum prognosis. Bone marrow distension
and joint capsular edema usually resolve after delivery, but autoimmune-related joint condi-
tions such as multiple sclerosis and rheumatoid arthritis usually flare up in the postpartum
period after the cessation of pregnancy-induced autoimmune modulation [14, 15].
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3.2. Management of musculoskeletal pain
3.2.1. History and physical examination

A comprehensive and structured history is the first step for pain management in any patient.
This includes:

* Detailed nature of the pain (onset, course, duration, alleviating and aggravating factors,
and radiation)

* Functional limitations, other persistent pain conditions

» History of other comorbidities (e.g., diabetes mellitus, autoimmune diseases)
 History of illicit drug abuse

* Social and family support, coping mechanisms

* Alarming neurological signs as urinary retention (with overflow incontinence), bladder or
bowel incontinence, saddle anesthesia, loss of anal sphincter tone, major motor weakness
in lower extremities, and fever

* Any suspicion of infection, fracture, or malignancy should be investigated, and tertiary
neurosurgical referral is warranted urgently

The general examination starts with inspection of the skin, spine, and pelvic contour; palpa-
tion of surrounding muscles, SIJ, and facet joints for tenderness; and determination of gait
pattern. In SIJ and facet joint arthropathy, there is localized tenderness over the affected joints
with increased pain on axial rotation. Discogenic pain radiates to back of the thigh and wors-
ens with the flexion of the spine.

Special physical tests for back pain are designed to provoke reproducible pain during the
joint action with high specificity and sensitivity. Thus, they can be relied upon for prelimi-
nary diagnosis and follow up. These include active straight leg raise (ASLR) test for LBP and
Patrick’s Faber test for PGP, pubic symphysis palpation and modified Trendelenburg’s test
for symphysis pubis pain, posterior pelvic pain provocation (PPPP) test for posterior pelvic
pain, and long dorsal sacroiliac ligament (LDL) palpation for SIJ pain. Physical examination
can be helpful in identifying symptomatic herniated disc and its alarming signs. However, it
is not very helpful to definitely locate the anatomic source of other non-discogenic pain even
after imaging studies [16]. In general, a single physical test is less useful than combined tests
for clinical decision, thus combined clusters of physical examinations are recommended for
better test reliability [17].

3.2.2. Laboratory investigations for musculoskeletal pain

There are no recommendations for routine laboratory investigations for musculoskeletal
pain unless there is suspicion of infection or malignancy. Consider CBC, ESR, and CRP in
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suspected malignancy, or thyroid assay if hypothyroidism is suspected, and any blood inves-
tigations according to provisional diagnosis.

3.2.3. Radiological investigations for musculoskeletal pain

There are no recommendations for routine radiological scans in acute or chronic back pain with-
out warning signs. The European guidelines for diagnosis and treatment of PGP recommends
against routine imaging for musculoskeletal pain during pregnancy. No significant differences
were found in short- or long-term pain outcomes or functional recovery outcomes between
immediate imaging versus routine care in patients with LBP in the absence of warning signs
[18]. Due to poor sensitivity in detecting the early degenerative stages of SIJ arthritis, computed
tomography (CT) and conventional radiography are not recommended. MRI is more favorable
as a diagnostic alternative as there is no exposure to radiation and it is more reliable in discrimi-
nating changes around joints and ligaments. MRI is recommended for LBP, PGP and SIJ pain
only in case of traumatic injuries, tumor, ankylosing spondylitis, and alarming signs [19].

3.2.4. Treatment of musculoskeletal pain

Treatment of musculoskeletal pain should be in a structured, multimodal approach. This
involves the combination of non-pharmacological and pharmacological options. Surgical
intervention is only reserved for emergency situations (acute disc herniation and cauda
equina syndrome).

Non-pharmacological modalities include physical exercise and other alternatives such as
massage, acupuncture, relaxation techniques, and chiropractic care. Physical exercise helps
strengthen muscles of the back, abdomen, and pelvic floor to maintain core stability and aug-
ment joint stabilization.

The first line pharmacological treatment for mild pain is a short course of analgesics such as
acetaminophen. NSAIDs can be used for no more than 2 days at a time, and it is contraindi-
cated in the third trimester and preferably to be avoided in first trimester. Opioids should also
be avoided throughout the pregnancy. In chronic pain studies, prolonged opioid use did not
show any benefit in functional outcome or reduction of pain intensity [20]. Moreover, it can
increase pain sensitivity in the long run. Most medical societies agree about the judicious use
of opioid in chronic pain, as summarized in Table 2.

3.3. Migraine

The incidence of new-onset migraine during pregnancy is around 2-3%. However, it is
more common for pregnant women to have a prior history of migraine. Fortunately, sever-
ity and frequency of migraine symptoms reduce by 43-86%, mostly during the first trimes-
ter. Sumatriptan is considered safe and is recommended by the European Federation of
Neurological Societies as abortive migraine therapy [21]. It is considered non-teratogenic
and, despite the theoretical vasoconstrictor effect, no vascular malformations were reported.
However, it has been associated with uterine atony and peripartum hemorrhage [22]. Ergot
derivatives are contraindicated during pregnancy and lactation due to their high teratogenic
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Recommendation 1:

“Strong Evidence”

Recommendation 2:

“Weak Evidence”

Recommendation 3:

“Strong Evidence”

Recommendation 4:

“Weak Evidence”

Recommendation 5:

“Strong Evidence”

Recommendation 6:

“Weak Evidence”

Recommendation 7:

“Weak Evidence”

Recommendation 8:

“Weak Evidence”

Recommendation 9:

“Strong Evidence”

Optimization of non-opioid pharmacotherapy and non-pharmacological therapy
before trial of opioids.

In persistent problematic pain despite optimized non-opioid therapy, Opioid trial can
be started if,

1. Chronic non-cancer pain
2. No current/past substance use

3. No active psychiatric disorders

In Patients with current substance use disorder, Opioid is strongly not recommended.

Substance use disorder as alcohol abuse and dependence, and narcotic abuse and
dependence should be addressed by physician.

In Patients with current active psychiatric disorder, Optimization of psychiatric
disorder is strongly recommended before Opioid trial. as long as

1. Optimal non-opioid, non-pharmacological therapy for chronic non-cancer pain
has been achieved.

In long term opioid for non-cancer chronic pain patients should be restricted to less
90 mg morphine equivalents daily rather than no upper limit or a higher limit on
dosing.

Starting opioid for non-cancer chronic pain patients should be restricted to less 50 mg

morphine equivalents daily rather than no upper limit or a higher limit on dosing.

Opioids rotation and tapering for current opioid users in case of

1. Persistent non-cancer pain or 2. Adverse events

“Rotation is parallel with the goal of dose reduction”

Tapering opioids to the lowest effective dose with the aim to discontinuation.

Multidisciplinary team (MDT) program is highly recommended for patients using
opioids and experiencing serious adverse events.

“MDT is not limited to a primary care physician, a nurse, a pharmacist, a physical therapist, a
chiropractor, a kinesiologist, an occupational therapist, an addiction specialist, a psychiatrist,
and a psychologist”

Table 2. Summary of the 2017 Canadian Guidelines for Opioids for Chronic Non-Cancer Pain.

risk, uterine vasoconstriction, low birth weight, preterm contractions and miscarriage, and
even convulsions in breastfed infant [23]. Beta-blockers are the first line prophylactic option
during lactation and are considered safe during pregnancy. Angiotensin-converting enzyme
inhibitors are contraindicated because of their nephrotoxicity and prematurity risk [22].
Non-pharmacological options include relaxation techniques, acupuncture, biofeedback, and
behavioral cognitive therapy. Acetaminophen is ideal as first add-on medication. If acet-
aminophen fails, sumatriptan or NSAIDs could be added to the regimen based on clinical
assessment and potential risk to the fetus.
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3.4. Neuropathic pain

Causes of neuropathic pain in pregnancy include carpal tunnel syndrome, meralgia pares-
thetica, low intercostal nerve compression, and the pain of a previous cesarean section wound
scar. Physiological water retention, obesity, and diabetes are contributory factors for neu-
ropathic pain. Pregnancy-related carpal tunnel syndrome (PRCTS) is as prevalent as 43%,
as confirmed by nerve conduction studies [24]. It manifests as pain and numbness in the
distribution of the median nerve with progressive worsening at night. CTS usually subsides
by conservative treatment and night splints. Physical therapy, infiltration of local anesthetic,
and slow-release steroids could be added. Surgical decompression is rarely required and is
reserved only for severe cases with motor neuropathy [25]. Differential diagnosis includes
De-Quervain tendinopathy which presents with pain, swelling, and tenderness along the
radial aspect of the wrist. Meralgia paresthetica is mononeuropathy of the lateral femoral

cutaneous nerve (LFCN) which presents as tingling and numbness in the anterolateral aspect
of the thigh.

4. Summary of non-labor pain management algorithm

A structured, multimodal approach is the essence of management of NLP. It is essential to
set realistic goals based on functional status rather than chasing a pain score of zero. The
impact of setting realistic goals of pain management has been shown to produce more patient
satisfaction, better psychological well-being, higher quality of life and reduced anxiety
[26, 27]. On the other hand, a patient feeling her pain is poorly controlled leads to more dis-
ability, increased pain intensity, anxiety, and depression [28, 29].

Non-pharmacological therapies are very valuable as they augment pain relief and minimize
the utilization of drugs. These benefits are welcomed by pregnant women who often have
concerns about medications and their side effects. Activity modifications, physical exercise,
and a physiotherapy program have been shown to be effective in pain reduction in com-
parison with standard care. The additive benefit of combining different approaches such as
adding acupuncture to stabilization exercises, has been proven in different studies. Pelvic belt
bracing has been shown to improve SIJ stability by decreasing joint laxity and sagittal rotation
by 19% [30].

5. Summary of pharmacological management

5.1. Teratogenicity and toxicity

Agents that are toxic and cause birth defects are known as teratogens [31]. During fetal devel-
opment, teratogens impart their effect mostly during the time of organogenesis which begins
in the third week of gestation. The severity of malformation depends on many factors, includ-
ing type of teratogenic agent, dose and duration of exposure, time period of gestation, and
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Category A: No fetal risk in human studies

Category B: No fetal risk in animal studies, but no human studies

Category C: Harmful fetal risk in animal studies, but no human studies

Category D: Harmful fetal risk in human studies, but use is acceptable in serious situation

Category X: Harmful fetal risk in both animal and human studies.

Table 3. FDA classification for safety of medications in pregnancy.

maternal and fetal health prior to the exposure. Teratogenicity can be caused by fetal cell
death leading to spontaneous abortion, impaired cellular functions, or placental toxicity [31].

The US Food and Drug Administration (FDA) classification for safety of medications in preg-
nancy is shown in “Table 3” [32].

5.2. Opioid medications

Codeine, hydrocodone, oxycodone, and propoxyphene are currently among the most com-
monly prescribed opioid agents in the United States [33]. Opioid medications should not be
considered as a homogenous class of medications regarding its maternal and fetal effects, as
some subclass are safer than the others. Evidence is still inconclusive regarding the relation-
ship of opioid with poor fetal growth, preterm birth, and birth defects as most of the studies
were biased with a lot of confounders. The general recommendation is that opioid usage
should be avoided or minimized during pregnancy and should never be considered as a first
line option. Usage during early pregnancy could be associated with neural tube defects and
heart defects, and during late pregnancy, with neonatal abstinence syndrome (NAS) and neo-
natal respiratory distress syndrome. All opioid medications are classified as Class C (uncer-
tain safety, no human studies; animal studies show an adverse effect).

Fentanyl patches seem to be safe, but there is still a risk of withdrawal. Methadone is asso-
ciated with neonatal morbidity, such as preterm birth (<32 weeks of gestation), low birth
weight, decreased head circumference, jaundice, thrombocytosis, arrhythmia, and admission
to the neonatal intensive care unit [34, 35]. Codeine is classified as category C by the FDA [36].
It is neither teratogenic nor associated with congenital malformation. However, there have
been reports of postpartum hemorrhage if it was taken near the end of pregnancy. Moreover,
it could be rapidly metabolized into morphine, by CYP450 enzymes leading to a significant
risk of fetal opioid toxicity during lactation [37]. Tramadol is classified as a category C medi-
cation. It has a risk of withdrawal with high maternal dosing [32]. It is not recommended to
discontinue it during breastfeeding as only trace amounts cross into the breast milk.

The morphine equivalent daily dosage (MEDD) is a mean of calculating the daily cumulative
intake of any opioid-related drugs. The aim is to reduce the risk of overdose, especially in
chronic opioid use. Evidence has shown that there is no single dosage threshold below which
overdose risk could be avoided, but opioid dosages of <50 MEDD/day (mg/day) would likely
reduce the risk of fatal overdose.



82

Pain Management in Special Circumstances

5.3. Non-opioid analgesic medications
5.3.1. Acetaminophen (paracetamol)

Acetaminophen is widely used as an analgesic. In the USA, 65-70% of women used acet-
aminophen during pregnancy [38]. It has no known maternal adverse outcomes or fetal con-
genital defects as confirmed by analysis of registries [39]. Despite the reports about increased
risk of attention deficit hyperactive disorder (ADHD) in children if used for over 6 weeks, the
evidence was inconclusive according to the latest FDA warning [40].

5.3.2. Non-steroidal anti-inflammatory agents

Non-steroidal anti-inflammatory agents (NSAIDs) such as Ibuprofen, Naproxen, Diclofenac,
and Celecoxib are very commonly prescribed for analgesia. It was reported that 18-25 and 4%
of the USA pregnant women are exposed to over-the-counter (OTC) Ibuprofen, and Naproxen
respectively [38]. In the third trimester, NSAIDs are linked with premature closure of the
ductus arteriosus and development of pulmonary hypertension in a fetus. At high doses,
NSAIDs decrease renal perfusion in fetus and lead to oligohydramnios. Despite NSAIDs
being Category B drugs before the third trimester, it is generally recommended to be avoided
as in the first trimester there is risk of miscarriage and in the third trimester there is a risk of
oligohydramnios and ill effect on fetal circulation. Furthermore, NSAIDs are associated with
a delay in onset of labor and increase in duration.

5.3.3. Aspirin

Aspirin is not commonly used to treat pain or fever in pregnancy. It is associated with neo-
natal hemorrhage, IUGR, gastroschisis and perinatal death. Similar to NSAIDs, they delay
onset of labor and increase labor duration. An increased risk of bleeding during delivery
has also been reported. Low-dose Aspirin (81 mg) is considered safe and is commonly given
with heparin in conditions with recurrent miscarriage and in women with antiphospholipid
syndrome [41].

5.4. Psychotropic medications

Psychotropic drugs are medications that affect mood, cognitive function or any other mental
process [42]. These include antidepressants, benzodiazepines, antiepileptic agents and anti-
psychotics. Most of the safety profiles and recommendations for using these drugs are based
on retrospective observational studies in pregnant patients with underlying psychiatric or
mood disorders (such as bipolar or depression or anxiety) and are thus liable to bias and
confounding. Some medications are well known to cause significant congenital malforma-
tions, such as Valproate, Carbamazepine, Lithium, and Lamotrigine. Therefore, they must be
avoided in pregnancy. Most of other drugs are debated in their fetal outcome. In general, the
risk-benefit ratio should be weighed, and the lowest dose should be applied.
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5.4.1. Antidepressants

Patients with chronic pain commonly experience depression. Selective serotonin receptor
inhibitors (SSRIs) and tricyclic antidepressants (TCAs) are widely used as antidepressants and
also as adjuvant therapy for chronic pain. SSRIs have been the most commonly studied anti-
depressants in pregnancy and include Citalopram, Escitalopram, Fluoxetine, Fluvoxamine,
Paroxetine, and Sertraline. There is little information about other SSRIs. Majority of studies
report that SSRIs are not teratogenic; however, some consider them as low-risk teratogens as
due to there has been associated increase, albeit minimal, in cardiac congenital anomalies in
the form of small ventricular defects that spontaneously close in childhood [43, 44]. The use
of SSRIs minimally increases the risk of antepartum and postpartum hemorrhage. There has
been no increase in the risk of spontaneous abortions, perinatal deaths, or hypertensive disor-
ders of pregnancy. Peripartum fetal exposure is not believed to be associated with postpartum
withdrawal or toxicity symptoms in the neonate. Case reports that had reported an associa-
tion were confounded by other psychotropic medications [45]. Among SSRIs, sertraline has
the safest profile as its low levels in blood and breast milk [46].

TCAs are believed to be generally nonteratogenic except Clomipramine as reported by most
studies. All drugs in this class could increase the risk of spontaneous abortion, hypertensive
disorders of pregnancy, postpartum hemorrhage and transient fetal withdrawal symptoms
[47]. There is still limited information and less usage of antidepressants drugs other than
SSRIs, such as Selective Serotonin Norepinephrine Reuptake Inhibitors (SNRIs) and atypical
antidepressants like Mirtazapine and Buspirone.

5.4.2. Benzodiazepines

A majority of studies report benzodiazepines to be nonteratogenic. Even the few conflicting
reports showed that the incidence of minor anomalies such as cleft palate is only minimally
increased compared with the general population. Perinatal usage increases the risk of low
birth weight, preterm labor and spontaneous abortion. Moreover, peripartum exposure is
associated with withdrawal and toxicity symptoms [48].

5.4.3. Antiepileptic agents

Antiepileptic drugs are now commonly used in pain management, particularly for the treat-
ment of neuropathic pain such as, trigeminal neuralgia, diabetic neuropathy, post-herpetic
neuralgia, post-stroke pain, phantom limb pain and pain after spinal cord injuries. Majority
of studies have reported significant fetal morbidity due to in-utero exposure that including
major anomalies like neural tube defects, congenital heart abnormalities, and urinary tract
defects, skeletal abnormalities, cleft palate and impaired cognitive and motor development
[49, 50]. Pregabalin, which is very commonly prescribed for chronic neuropathic pain, has a
better safety profile than other antiepileptics. However, it is still associated with a higher risk
for malformation than in the general population [51].
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5.4.4. Antipsychotic agents

In recent times, Olanzapine, the atypical antipsychotic, has been gaining popularity in chronic
pain management. A majority of studies report Olanzapine as nonteratogenic and not asso-
ciated with spontaneous abortions or major congenital malformations. Nevertheless, it has
been associated with an increase in birth weight [52].

6. Non-pharmacological management

6.1. Physical therapy

Physical therapy has been one of the cornerstones of chronic pain treatment, replacing the
original approach of rest. Activities are aimed at restoring flexibility, strength, and endur-
ance, as well as reducing the severity of chronic pain through modulation of the biochemical
processes within the body [30, 53]. Numerous physical therapy programs exist (e.g., aero-
bic, yoga, tai chi, strength, pilates, flexibility, and range of motion), and each one differs in
frequency, intensity, and design. Despite the high utilization of physical therapy and sev-
eral studies that have demonstrated its benefits in chronic pain, the effectiveness of physi-
cal therapy is unclear and current high-quality evidence to support such claims are lacking
[53-56]. Absolute contraindications are myocardial infarction, ongoing unstable angina, and
severe aortic stenosis [56]. Adverse effects of physical therapy are rare with musculoskeletal
injury being the most common. Other potential adverse events include pain exacerbations,
soreness, rhabdomyolysis, dehydration, hypo- and hyperthermia, and cardiac and respira-
tory events [57]. Importantly, neither the AHA nor the systemic reviews site pregnancy as
an absolute or relative contraindication to physical therapy. Currently, the consensus is that
the potential benefits of physical activity in pain relief, and improved quality of life outweigh
its risks. For maximum effectiveness and minimum adverse effects, the evidence suggests
that supervised and structured program schedules are superior to self-supervised and vary-
ing program schedules [53]. Moreover, adding a specifically tailored training to a standard
physical exercise has less disability and more functional recovery at 2 years postpartum in
comparison with physical exercise alone [58].

6.2. Acupuncture

Acupuncture is a technique where needles or other modalities are used to stimulate prede-
termined locations throughout the body to promote the flow of ‘Qi” and rebalance the body’s
energy. Although the practice originated in China thousands of years ago, the specific mecha-
nism of action has yet to be uncovered. Current theories suggest that acupuncture boosts
the body’s intrinsic neuropeptide pathways, including endogenous opioids. However, these
effects appear to be short term and do not explain the longer term benefits of acupuncture
[59]. Due to the heterogeneity of acupuncture techniques, outcomes are hard to study and
compare. A few studies have shown benefits, including several randomized controlled tri-
als which demonstrated acupuncture to be an effective alternative to pharmacologic treat-
ment [60]. However, these studies focused on labor-related pain and not chronic pain during
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pregnancy. In addition, meta-analyses have suggested that any superiority of acupuncture
over sham acupuncture is not clinically significant [61, 62]. The literature does not suggest any
absolute contraindications to acupuncture, but relative contraindications are similar to other
needling techniques used for the treatment of pain. The incidence of serious adverse risks
is rare (estimated to be 0.05 per 10,000 treatments) and is generally associated with poorly
trained or unlicensed acupuncturists. The two most common adverse risks reported in one
study were needling pain (3.3%) and hematoma (3.2%). Other risks include bruising, syncope,
exacerbation of symptoms, paresthesia, infection, retained needle, and damage to surround-
ing tissues [63]. Two studies have commented on the adverse effects of acupuncture during
pregnancy, and both suggest that, provided the practitioner avoid locations associated with
the cervix and uterus, acupuncture is safe for both the mother and the fetus [64]. Despite the
lack of evidence for the efficacy of acupuncture, the overall consensus is that acupuncture’s
benefits outweigh its risks, and that a trial of acupuncture can be considered in interested
patients when the availability of other safe treatment options is limited.

6.3. Botulinum toxin

Botulinum toxin has been reported safe during the first trimester of pregnancy [65]. Although
research for the use of Botox as a treatment for several chronic pain syndromes (e.g., myo-
fascial pain, neuropathic pain) is promising, the only FDA-approved indications of Botox
(serological types A and B) related to the treatment of chronic pain conditions are spasticity
and chronic migraine. Evidence suggests that Botox is effective in providing pain relief for
several months as a result of its long half-life [66]. Animal studies have shown some fetal
damage, but the risk is uncertain in humans due to lack of sufficient evidence. Botox is clas-
sified by the FDA as a pregnancy category C drug. The current recommendation by the FDA
is that Botox should be “administered during pregnancy only if the potential benefits justifies the
potential risk to the fetus.” In addition, other more conservative treatments should be exhausted
first. If Botox is considered, the risk and benefits should be acknowledged by the patient prior
to proceeding.

7. Interventions for pain management

7.1. Radiofrequency ablation

Radiofrequency ablation (RFA) is a process of nerve destruction via radiofrequency-generated
heat by insertion of a catheter or electrode close to the target nerve under fluoroscopic guid-
ance, confirming the correct location through sensory and motor testing, and applying a
preset temperature for a fixed time period. This aims for neuromodulation of pain pathway
by disruption of the transmission of nerve impulses from the pain generators to the central
nervous system. The most common application of RFA is for the treatment of facet joint pain.
Other applications include discogenic pain, radicular pain, and sacroiliac pain. Generally, a
diagnostic and therapeutic block with local anesthetic with or without steroid is required to
proceed with RFA. Current evidence suggests that RFA treatment has a modest, short-term
benefit at best, with no long-term pain improvement, as supported by a recent meta-analysis
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[67-69]. Contraindications to RFA are like those associated with other neuraxial procedures.
Complications include increased pain, muscle spasms, numbness or paresthesias, infection,
bleeding, superficial burns, damage to surrounding tissues, side effects of local anesthetics
as well as fetal exposure to radiation. As a general rule, ultrasound and magnetic resonance
imaging are the preferred imaging methods during pregnancy. Ionizing radiation (e.g., fluo-
roscopy) in large doses can have varying effects to the fetus via pregnancy loss, malformation,
growth disturbances and mutagenic and carcinogenic effects depending on the stage of gesta-
tion. The most sensitive period of gestation to radiation occurs during organogenesis (weeks
2-8) [70]. The recommended maximum dose of radiation for the duration of pregnancy varies
by source, but has been sighted as low as 500 mrem (or 0.5 Rads). For comparison, a pregnant
interventional radiologist can expect an average dose of 30 mrem during a 40-week pregnancy
if wearing double lead [71]. Radiation is not an absolute contraindication to RFA in the preg-
nant patient, and if clinically indicated RFA via fluoroscopy can be considered. Benefit-risk
ratio of RFA is an important first step and if in doubt, a radiologist could be consulted. Since
the average exposure of radiation during a fluoroscopic-guided RFA is not well defined in the
literature, various methods should be employed to minimize the risk of exposure to the fetus.
Some of these techniques include shielding the abdomen and pelvic region with lead, mini-
mizing fluoroscopic exposure time, proper placement of the fluoroscope to maximize distance
from the X-ray source, limit magnifications, narrowing of the fluoroscopic window (known
as tight collimation) and proper gestational timing of the procedure [70]. Given the limited
evidence of RFA, the lack of quality evidence of RFA during pregnancy, and the potential for
radiation exposure to the fetus, RFAs should only be considered after failure of conservative
treatments and an informed discussion with the patient.

7.2. Transcutaneous electrical nerve stimulation

Transcutaneous electrical nerve stimulation (TENS) is a technique of delivering low level of
constant electrical impulses of variable frequencies, intensities and pulse waveforms to the
epidermal surface with aim of inhibition of spinal cord interneurons and descending pain
pathways [62, 72]. The indications for TENs are various, and examples include lower back
pain and myofascial pain. Onset of pain relief takes on average 20-30 min in 75% of patients
and 1 h in 95% of patients. The duration of pain relief varies among patients and conditions,
but appears to be short term, decreasing over past several months of use [73]. During labor,
TENS has demonstrated a benefit in acute pain relief, decreased analgesic use, and patient sat-
isfaction [61, 74]. In contrast, two systemic analyses and a Cochrane review have not shown
a significant reduction in pain [62, 75]. Technical errors from electrodes placement and tim-
ing could lead to interference with fetal heart monitoring and possible premature labor. All
can easily be corrected by proper timing, proper anatomical placement of the devices, and
removing the TENs if necessary [61]. Overall, the benefit of TENS for the treatment of chronic
pain during pregnancy is not well studied in the literature. The general consensus is that the
device’s benefits outweigh its risks. TENS is easy to use and accessible over the counter. It
provides a cost-effective, noninvasive, and potential pharmacologic sparing effect in pregnant
patients and may be considered as an adjuvant for the safe treatment of chronic pain during
pregnancy.



Pain Management for Pregnant Women in the Opioid Crisis Era
http://dx.doi.org/10.5772/intechopen.79333

8. Special topics in pregnancy

8.1. Opioid use disorder in pregnancy

Opioid use during pregnancy has increased worldwide in recent years. In the United States,
the prevalence of opioid abuse or dependence among pregnant women has increased from 1.7
per 1000 delivery admissions in 1998 to 3.9 per 1000 delivery admissions in 2011. The rate of
unintended pregnancy has been reported as high as 86% in women with opioid use disorder,
exposing the fetus right from conception [76]. Increase in opioid-related morbidity has been
directly linked with the high prevalence of opioid prescription, which reaches 27-39% among
pregnant women [77]. Opioid use disorder (OUD) is a pattern of opioid intake associated with
significant clinical impairment and distress. OUD is diagnosed, as described in (Table 4) by
the Diagnostic and Statistical Manual of Mental Disorders, 5th Edition (DSM-5), by at least two
criteria within a 12-month period [78].

Treatment of pregnant women with OUD has been shown to improve maternal and fetal
outcome by decreasing the risk of relapse, maternal withdrawal symptoms, drug-seeking
behaviors, and repeated cycles of intoxications [79, 80]. It also enhances the adherence to
prenatal care. Opioid dependence in pregnancy is directly linked to placental insufficiency,
fetal growth restriction, fetal death, abortions, premature delivery, preeclampsia, abruptio
placentae, premature rupture of membranes, and postpartum hemorrhage. However, clear
causality could not be established in the studied populations because of confounders in
from of polydrug abuse, opioid withdrawal symptoms or coexisting maternal conditions
[81]. Medical, nutritional, financial, psychological and socio-economical rampant in this
patient population and should be taken into consideration when formulating a treatment
plan.

Opioid use disorder (OUD)—DSM-5 Diagnosis by at least 2 criteria over 12 months.

* Opioids intake in larger amounts or over a longer period than was intended
¢ Craving, “strong desire or urge” to use opioids

* A persistent desire or unsuccessful efforts to cut down or control opioid use
* A great deal of time is spent to obtain, use or recover from the opioid

* Failure to fulfill major role obligations at work, school, or home

* Recurrent opioid use in physically hazardous situations

* Reduction in important social, or recreational activities.

* Continued opioid use despite the opioid related physical or psychological problem Continued opioid use
despite the opioid related social or interpersonal problems

e Tolerance

e  Withdrawal

Table 4. DSM-5 diagnostic criteria for OUD.
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Methadone is still the standard treatment for the opioid dependence in many institutions
due to its proven safety profile and established efficacy. Recently, the American College of
Obstetrics and Gynecology (ACOG) has recommended buprenorphine as the first line ther-
apy in OUD [82]. The interest is growing for buprenorphine after retrospective reports for
its benefit of lower rates, lesser severity of NAS, lower morphine doses used for NAS, and a
shorter stay in NICU [83]. Buprenorphine has a ceiling effect with expected low risk for over-
dose compared with methadone. The efficacy of buprenorphine as a substitution therapy has
been debated because it was found that the patients on buprenorphine have less compliance
rate and more reversion to other opioid drug abuse; however, those reports were biased and
have different patient characteristics [34]. Both buprenorphine and methadone are considered
safe with no significant harm and have shown good outcomes in OUD treatment [35].

8.2. Neonatal abstinence syndrome

As a shadow of opioid crisis and high prevalence of maternal opioid exposure, the incidence
of NAS has increased worldwide. In the USA, a 400% increase in the incidence of NAS were
reported and 5.8 up to 30 per 1000 hospital births in 2012, compared with 1.2 in 2000 [84, 85].
In 2012, one NAS-affected infant was born every 25 min in the United States [85].

Neonatal abstinence syndrome (NAS) is a neonatal drug withdrawal syndrome that occurs
after opioids exposure in utero. The opioid is the main culprit for the withdrawal; however,
other substances have also been reported, including alcohol, benzodiazepines, nicotine, and
psychiatric medications such as antidepressants or antipsychotics [86]. The source of the opi-
oid could be from clinician-approved use of prescription opioids for pain relief, or abuse of
prescription opioids or illicit use (e.g., heroin); or medication-assisted treatment (MAT) of
opioid use disorder.

In utero, fetal exposure to opioids during pregnancy is associated with a 60-80% risk of NAS
[87]. However, the onset and severity are multifactorial and variable. They depend on ges-
tational age, birth weight, maternal opioid dosage, concomitant use of other psychoactive
medications and pharmacogenomics. NAS usually manifests within 2-3 days after birth with
clinical signs of withdrawal as summarized in Table 5 [88].

Multiple brain volumetric studies have reported a small volume of cortex, deep midbrain, brain-
stem, and thin cerebellar cortex ininfants with in utero polydrug exposure including opiates [86].

Autonomic nervous system activation Central nervous system irritability
Fever—sweating High-pitched continuous crying
Temperature dysregulation Irritability —decreased sleep
Increased respiratory rate Tremors—muscle hypertonicity
Nasal stuffiness, sneezing Seizures

Gastrointestinal dysfunction Cardiovascular dysfunction
Feeding difficulties Tachycardia—hypertension
Vomiting —loose diarrhea Hypotension in case of collapse

Table 5. Summary of neonatal abstinence syndrome (NAS).
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Long-term neurodevelopmental sequelae such as attention deficit disorders (ADD) and dis-
ruptive behavior have been reported in NAS. Therefore, long-term psychiatric follow-up is
warranted [89]. Inpatient monitoring for 4-7 days for neonates with known in utero exposure
to opioids is recommended by the American Association of Pediatrics (AAP) [88].

Non-pharmacological management is the initial approach for NAS. It entails keeping the
neonate in calm, soothing environment with minimal stimulation, repeated maternal contact,
and frequent hypercaloric meals [90]. Pharmacologic treatment is usually needed. This consti-
tutes oral morphine as the first line agent and either clonidine or phenobarbital as the second
line agent [85]. Once withdrawal symptoms are stable for 48 h, pharmacological weaning
can be started. Breastfeeding is recommended in general even for mothers on methadone or
buprenorphine treatment, as long as no other contraindications are present (e.g., HIV, illicit
drug use) [82].

9. Recommendations summary

Chronic pain management in pregnancy is challenging. A multidisciplinary team approach
and multimodal pain protocols are highly recommended. Optimum management includes
a detailed review of the patient’s comorbidities and considerations for behavioral and other
socioeconomic factors that could affect chronic pain conditions. The safest approach is by
following a goal-directed strategy that minimizes or optimizes opioid usage. Opioid sparing
strategies include early alternative pain therapies such as exercise, physical therapy, behav-
ioral changes, and non-opioid analgesics. Lifestyle and behavioral changes start with open,
effective, and compassionate communication with the patient. The initial and follow-up visits
should include patient education on different pharmacological options and alternative non-
pharmacological modalities. Patients should be encouraged to take an active role in their own
treatment plan. Acetaminophen is usually the first line drug for mild to moderate pain in any
stage of pregnancy. Although ibuprofen is the non-steroidal anti-inflammatory drug (NSAID)
of choice, it is contraindicated after 28 weeks of gestation as it could cause premature closure
of the ductus arteriosus and impair fetal kidney function. Only in severe acute musculoskel-
etal pain, opioids should be used. Caution should be taken as peripartum administration
is associated with neonatal respiratory depression. Additionally, a long-term therapy, par-
ticularly in late pregnancy, is associated with adaptation disorders and neonatal withdrawal
symptoms. Once the opioids are indicated in a reproductive age woman, the benefits and risks
of opioid use should be discussed. However, concerns about NAS or opioid abuse should
not be a barrier for optimal pain management in pregnancy as long as a cautious and bal-
anced approach is followed. Opioid prescriptions should be initiated with a drug monitoring
program that could help to identify opioid use disorder or drug misuse. Concurrent opioid
and benzodiazepines use should be avoided whenever possible. Opioid overdose is associ-
ated with high maternal and fetal mortality and morbidity. In case of overdose, substance
abuse disorder, or higher opioid dosages (250 MME/day), naloxone should be prescribed. To
avoid relapse, which is associated with very high morbidity in pregnant women with opioid
use disorder, an opioid agonist (buprenorphine or methadone) is the recommended first line
therapy in combination with behavioral therapy. Antiepileptic drugs are contraindicated dur-
ing pregnancy as they carry a teratogenic risk; however, well-studied antidepressants, such
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as sertraline and amitriptyline can be used for chronic pain with the appropriate indications.
Sumatriptan is safe to use in pregnant patients with migraine.
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Abstract

Huge numbers of patients referred to pain service have kidney function impairment to
some extent. Pain physicians face puzzling cases and may find themselves struggling
and divided between the decisions of providing adequate pain reliever, at the same
time avoiding further damage to kidneys, and excessive accumulation of medications
and their metabolites, also negative interactions with patient’s other medications. In this
chapter, we will reason about the prevalence of pain in patients with renal impairment,
pharmacodynamics and pharmacokinetics of pain medications in this group, optimiza-
tion of pain control, preferred choice of drugs according to the level of kidney damage,
and feasibility of alternative pain management techniques.

Keywords: impaired kidney function (IKF), chronic kidney disease (CKD), acute pain,
chronic pain

1. Introduction

Across all subspecialties, pain is the most encountered problem. It is particularly difficult
to deal with in patients with organ dysfunction such as acute or chronic kidney failure, due
to the fact that most medications depend on kidneys for clearance. Moreover, pharmacoki-
netics becomes almost unpredictable due to fluctuations in kidney function depending on
patient factors such as volume status, other medication actions, or enzyme build of certain
individual.
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2. Epidemiology

The prevalence of pain in patients with chronic kidney disease (CKD) has been shown in
many epidemiologic studies, and all of them unanimously demonstrate that pain is more
common in CKD patients than the general population.

Murtagh et al., in a cross-sectional survey of symptoms prevalence in stage 5 chronic kidney
disease managed without dialysis, found that pain was present in 53% (42-63%) of total 66
patients with a mean age of 82 + 6.6 years [1].

Davison et al. have analyzed publications from 1992 to 2009 and concluded that 58% of
CKD patients are suffering from pain, 49% of those patients rated their pain as moderate to
severe [2].

As quality of life is greatly diminished by any kind of pain, it has been studied in CKD patients
as part of symptom burden, for example [3], older patients found musculoskeletal symptoms,
including pain in bones/joints (69% of 283 CKD Stage 1-5 patients), are more disturbing and
bothersome, while younger patients found that reduced concentration is more intrusive.
Perlman et al. also demonstrated that the presence of pain was associated with lower quality-
of-life scores in a multicenter cross-sectional analysis of 634 patients with CKD [4].

Additionally, in prospective cohort study of 205 Canadian hemodialysis (HD) patients, 50% of
them reported pain which was related to those who was on longer HD therapy, 52.5 months
with pain versus 37.7 months for those without pain.

The etiology of pain was multiple in 18.4% of patients with pain, among which musculoskel-
etal was the most frequent (50.5%); same study found that almost one third of all patients
with pain were not on any painkillers, and authors concluded that pain management was
ineffective in 74.8 of patients [5].

Pain in CKD patients is an important factor, which immensely affects quality of life. Weisbord
et al. showed clear correlation between symptom excess and severity with diminished quality
of life. If they had considered pain-related symptoms such as muscle cramps, headache, and
chest pain in pain group, the prevalence would have increased to 50-85% [6].

Moreover, CKD patients with pain tend to decide to withdraw from HD more often; as shown
by Davison and Jhangri, they also were more depressed and suffered sleep disturbances [7].

3. Definition and staging of chronic kidney disease

It is very important to identify the degree of IKF and the nature of CKD and on what stage it
is, because these factors will guide the management of pain and to some extent predict pain
medication pharmacokinetics.

Definition for CKD must have the following criteria:
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1. Kidney damage for 3 months or more, represented by structural or functional abnormali-
ties of the kidney, with or without decreased GFR and manifested by following:

a. Pathological abnormalities

b. Markers of kidney damage, such as abnormalities in the composition of the blood or
urine, or abnormalities in imaging tests

2. GFR less than 60 mL/min/1.73 m? for more than 3 months with or without kidney damage [8]
Evaluation of kidney function is more dependent on GFR or the presence of other markers of
kidney damage rather than a single serum creatinine reading.

Stages of CKD according to GFR are described in Table 1.

Stages  GFR (mL/min/1.73 m?) Terms/uremic symptoms

Stage1l 90 or more Normal function/asymptomatic

Stage2  60-89 Mild/asymptomatic

Stage3  30-59 Moderate/mild symptoms

Stage4  15-29 Severe/mild to moderate symptoms

Stage5  15orless End-stage renal disease/moderate to severe symptoms, may require dialysis

Table 1. Stages of chronic kidney disease according to glomerular filtration rate [8].

4. Pain in patients with CKD

4.1. Acute pain in patients with CKD

The cause for acute pain is mainly acute injury such as surgery, procedures, and childbirth.
It can be caused by acute inflammation or ischemia as well, for example, acute abdomen,
colic, and ischemic heart diseases. Treatment should be directed to reduce the pain as soon as
possible with multiple modalities; at the same time, the primary cause should be addressed.

Blocking the pain along different parts of pain pathway allows reducing the required doses
and diminishing side effects. This approach has been defined as multimodal analgesia.

Multimodal analgesia can be achieved by combining systemic paracetamol, NSAID, opioids,
and local anesthetics according to patient’s condition. All these medications may require dose
adjustment, and locoregional anesthesia may raise a concern of hematoma formation due to
reduced platelet activity and anticoagulant use in patients receiving hemodialysis [9].

Choice and dosage of medications depend on the condition of the kidneys; here the staging
can roughly guide physicians to correct regimen.
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For example, in stages 1 and 2, kidney function is preserved well enough to excrete the medi-
cations and their metabolites. But still, kidney function tests should be frequently done so
not to miss any deterioration due to trauma, dehydration, and surgical stress during periop-
erative period. In young patients who are not taking other nephrotoxic medications and in
stage 1, acetaminophen plus short course of NSAIDs could be used. NSAIDs should not be
used in stage 2 with GFR 60-89 mL/min/1.73 m?. Locoregional anesthesia must be used when
applicable, especially for postoperative pain and trauma patients. In cases of moderate to
severe pain, opioids should be added including tramadol, with or without gabapentinoids
(Gabapentin or Pregabalin) to supplement for neuropathic pain, especially in trauma [9].

In stages 3 and 4, kidney function significantly reduced (GFR between 15 and 59 mL/
min/1.73 m?) which mandate all the pain medications to be dose adjusted and NSAIDs to be
avoided. Acetaminophen should be used in regular doses for mild pain, reduced dose tra-
madol may be added, and for stronger pain, opioid such as fentanyl or hydromorphone may
be useful. Morphine and codeine are not recommended. Regional anesthesia proves to be a
valuable modality to avoid opioids and their undesired properties, especially in this stage,
but should be avoided in individuals with impaired platelet function and/or coagulation.
Reduced doses of gabapentinoids are considered in neuropathic pain, and caution should be
taken when patients receive concomitant opioids. A decrease in around 50% of the dose for
each 50% decline in GFR or CCr and an increase in the time interval between the doses are
recommended [9, 10].

Acute pain management in end-stage renal disease (ESRD) patients follows the same above-
mentioned principles; in addition to it, more than half of them may already have been experi-
encing chronic pain as well. Moreover, these patients are usually malnourished and have many
other multiple concomitant diseases. If they are already undergoing dialysis, sudden drop in
serum concentration of pain medications and exacerbation of pain is expected. Acetaminophen
may be used in regular doses of 4 g/day, but general condition of patient and other organ sys-
tem diseases may require dose reduction. NSAIDs should be avoided in ESRD; even if neph-
rotoxicity is not of a concern, they cause gastrointestinal damage, electrolyte disturbances, and
hypertension. Cyclo-oxygenase-2 inhibitors are also considered unsafe as they contribute to
already existent multiple risk factors for myocardial ischemia in this group of patients [11].

Morphine, codeine, and meperidine produce active metabolites, in which clearance depends
on kidney function. In ESRD patients, the accumulation of active metabolites of opioids pro-
duces excessive somnolence, as well as more dangerous complications such as respiratory
depression, seizures, myoclonus, and exacerbation of acidosis. Safe alternative to these long-
acting opioids are fentanyl, alfentanil, and adjusted dose of hydromorphone [12]. These can
be best given as PCA in acute pain cases if strong opioids are required.

4.2. Chronic pain in CKD patients

Chronic pain is defined by Treede et al. as pain that persists past normal healing time [13]
and hence lacks the acute warning function of physiological nociception [14]. It may be due
to prolonged tissue injury with persistent activation of nociceptors or other undefined mecha-
nisms [15].
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Recommendations of the WHO for cancer pain and its three-step approach can be tailored
to manage pharmacologic treatment of chronic pain in CKD patients [2, 15, 16]. In patients
with mild pain, acetaminophen may suffice, and if NSAIDs are required, care should be taken
to avoid other medications which worsen the hemodynamics (compounds that affect the
renin-angiotensin-aldosterone system). NSAIDs should be avoided in patients with impaired
cardiac output or with dehydration.

For moderate pain, weak opioid tramadol may be added, but codeine and dihydrocodeine
should not be prescribed. Tramadol dose is adjusted according to CKD stage, given in regular
doses for stages 1 and 2, but is reduced by 50% in advanced stages of CKD.

Severe pain requires the use of strong opioids, preferably those without active metabolites
such as methadone, fentanyl, and oxycodone. Although, oxycodone is mainly metabolized in
the liver, around 20% is eliminated by kidneys. For that reason, it may be wise to reduce the
dose according to CKD stage; in mild renal failure, up to 50% of normal dose should be given,
and in advanced stages, 25% of normal dose and increase in dosing interval should be done.
In patients with consistent pain, fentanyl patch can be a good option [15, 16].

In all steps of WHO ladder, adjuvant medications should be added and tailored to a particular
type of pain. If patient is experiencing neuropathic pain, antidepressants and anticonvulsants
should be added to pain regimen. Musculoskeletal pain may have spastic component; thus
muscle relaxants are beneficial. Bisphosphonates are considered adjuvant for bone pain due
to malignancy. There is at least one meta-analysis to support the effect of omega-3 polyun-
saturated fatty acids as an effective adjunct for joint pain (theumatoid arthritis, inflammatory
bowel disease) [17].

Pharmacologic treatment of chronic neuropathic pain for adults should be done in a stepwise
approach. The first line is tricyclic antidepressants (TCAs), followed by selective serotonin
norepinephrine reuptake inhibitors (SSNRIs). Gabapentinoids are next to use.

Topical lidocaine should be considered alone or in combination with one the first-line thera-
pies for localized peripheral neuropathic pain.

Opioid analgesics or tramadol could be used alone or in combination with one of the first-line
therapies.

In painful diabetic peripheral neuropathy, gabapentinoids are recommended.

5. Medications used for pain and their pharmacologic properties in
CKD patients

5.1. Acetaminophen

Acetaminophen, chemical name N-acetyl-p-aminophenol, is used as a first-line medication
for mild and moderate pain. It is very well absorbed from the gastrointestinal tract, mainly in
the small intestine, via passive transport, and its serum concentration peaks around 2 hours.
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Any factors suppressing gastric emptying will slow paracetamol absorption, because negli-
gible amount is absorbed in the stomach. It readily crosses the blood-brain barrier, and most
antipyretic and analgesic actions are executed in the central nervous system.

Mechanism of action on receptors is not entirely made clear, but it has proposed actions on
serotonergic pathways, potentiation of cannabinoid receptors, and inhibition of cyclooxygen-
ase—3 and central prostaglandin production. Recent studies have questioned its biological
activity regarding cyclooxygenase inhibition in peripheral tissues, and at least two recent
studies experimentally proved that paracetamol possessed peripheral cyclooxygenase-2 inhi-
bition [18-20].

Acetaminophen has been regarded as pain medication with very favorable side effect profile,
when used within therapeutic range doses. But recently, some authors started to question its
safety, especially possible association with kidney damage. In this study [21], CKD patients
who were regularly taking acetaminophen were more likely to progress to ESRD, especially
with increasing exposure. In another population-based, case-control study in Sweden, 926
patients were newly diagnosed with renal failure and acetaminophen was regularly con-
sumed by 25% of them and only 12% of controls, and authors have concluded that the regular
use of paracetamol increased the risk of CKD by 2.5 times from any cause [22]. Roberts et al.
conducted systematic review of observational studies looking at acetaminophen’s side effects,
and they found increased relative rate of mortality from 0.95 to 1.63 and for cardiovascular
adverse events risk ratio of all events increased from 1.19 to 1.68 and also that gastrointes-
tinal adverse events or bleeds were found to increase from 1.11 to 1.49; moreover, kidney
damage odds ratio increased more than 30% [23]. Another notable paper published on acet-
aminophen’s cardiovascular side effect could only demonstrate small association with major
cardiovascular events and short-term use of acetaminophen (odds ratio 1.21, 95% confidence
interval 1.04-1.42) [24].

Acetaminophen’s well-known hepatotoxicity occurs when the liver's glucuronide and sulfate
stores are used up, forcing it to enter minor pathway, which is oxidation by CYP 450 enzymes
and formation of N-acetyl-p-benzoquinone imine (NAPQI). This metabolite is harmless in
the presence of glutathione but causes hepatotoxicity in patients with limited glutathione
reserves.

The exact mechanisms for acetaminophen’s renal toxicity have not been identified, whereas
experimental research proposed that kidneys must be saturated and push acetaminophen via
CYP 450 pathway for tubular damage to occur. Diminished glutathione reserve also exacer-
bated kidney toxicity [25]. Another possible mechanism is the formation of arylating interme-
diates by p-aminophenol, which is formed by deacetylation of acetaminophen [26]. Clinical
manifestation of kidney injury appears as acute tubular necrosis, with corresponding urinary
changes, such as granular casts, maybe with hematuria or pyuria, urine sodium increase, and
azotemia as well [27]. Toxicity is exacerbated by factors such as fall in glutathione levels (any
cachectic state, alcoholism) or induction of CYP 450 enzymes.

In normal conditions, plasma half-life of acetaminophen is 1.5-2.5 hours, large portion of
which is metabolized and excreted in urine as sulfate and glucuronide conjugates, and
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minor pathway comprising less than 5% produces mercapturic and cysteine conjugates.
Approximately 4% is excreted as unchanged drug. All of these processes will vary with age
and dose administered. Urine flow rate is the main factor determining the clearance of acet-
aminophen by kidneys, but glucuronide and sulfate conjugates are not dependent of urine
flow, most of the time surpassing glomerular filtration rate [28]. In CKD patients, it has been
proved that glucuronide and sulfate metabolites are significantly accumulated, for example,
in moderate stage of CKD, they have half-life around 21.8-30.5 hours as opposed to 3 hours
in a normal person [29]. In ESRD patients undergoing dialysis, acetaminophen is removed by
hemodialysis, but not by peritoneal dialysis.

Nonetheless, acetaminophen is still a preferred drug for mild to moderate pain, and no dose
reductions are mandatory.

5.2. NSAIDs

NSAIDs as a group are highly unfavorable for any patient with kidney damage; neverthe-
less, many epidemiologic researchers have identified them as popular analgesics among CKD
patients.

NSAIDs can be classified according to their chemical structure. They are divided into propi-
onic acid derivatives (ibuprofen, ketoprofen, fenoprofen, naproxen), fenamates (diclofenac,
ketorolac, tolmetin), enolic acid derivatives (meloxicam, piroxicam, nabumetone), and acetic
acid derivatives (indomethacin, etodolac, sulindac). All these group medications inhibit the
formation of prostaglandins in the peripheral tissues and, centrally, from arachidonic acid
[30], hence exhibiting to different degrees analgesic, antipyretic, and anti-inflammatory
effects. The action is achieved by blocking the cyclooxygenase (COX), which has two isoforms.
COX-1 produces the group of prostaglandins which are necessary to maintain various physi-
ological processes such as kidney function, maintenance of the gastrointestinal mucosa, and
platelet aggregation. Yet, COX-2 is an inducible enzyme, production of which is prompted by
inflammatory mediators (lipopolysaccharides, cytokines, and growth factors) by upregulat-
ing the expression of the enzyme up to 20-fold following the insult. Despite the fact that
COX-2 is regarded as an inducible enzyme of inflammation process, the recent findings show
that it plays an important role in normal physiology as well. It was found as an integral part
of developing kidneys and brain, being a necessary enzyme for maturation and function.
COX-2 maintains water electrolyte balance, contributes to arterial pressure regulation, and
is mainly expressed in the thick ascending loop of Henle, macula densa of the nephron. The
same enzyme is thought to play an important role in various tumor developments; especially
it is overexpressed in intestinal adenomas, supporting many epidemiologic studies on the
role of NSAIDs for colorectal cancer risk reduction.

Some authors believe that classification of NSAIDs should be according to their COX-
2-to-COX-1 ratio, to better reflect their side effect profile [31], but along with inconsistent
laboratory data, epidemiologic studies also show discrepancies in side effect profile of many
NSAIDs. Instead, tabulating them according to half-life is of much clinical importance, which
lets us to schedule medicine around the clock and avoid long-acting representatives in certain
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patients, including CKD patients. If the use of NSAIDs is required in CKD patients, prefer-
ence should be given to those with short to medium half-life, such as ibuprofen, diclofenac,
ketoprofen, and indomethacin, which have half-life less than 6 hours. Long-acting NSAIDs
as naproxen, phenylbutazone, piroxicam, sulindac, diflunisal, and meloxicam (with half-life
more than 10 hours) should be avoided.

Most of the NSAIDs have good bioavailability from the gastrointestinal tract, and their
hepatic clearance is low. They also have almost equivalent efficacy, and most studies have
demonstrated even comparable efficacy between nonspecific NSAIDs (nsNSAIDs) and coxibs
[32]. Detailed pharmacokinetics of each NSAID is beyond the scope of this chapter; instead
we will review their comparable side effect profile and application in CKD patients.

All NSAIDs possess to some extent of gastrointestinal, renal, and cardiovascular toxicities
and fluid retention or aggravation of hypertension. Gastrointestinal toxicity is exacerbated
by various additional risk factors such as preexisting Helicobacter pylori infection, advanced
age, and the concomitant use of corticosteroids or aspirin. Coxibs are the least harmful to
the gastrointestinal tract as compared to other nonselective NSAIDs, which increase the
risk by 2—-4 times [33]. The most hepatotoxic representatives are nimesulide, sulindac, and
diclofenac [34].

The recent meta-analysis found that cardiovascular complications were significantly increased
by both coxibs (rate ratio (RR) 1.37) and diclofenac (RR 1.41); the same analysis found ibu-
profen increased coronary events significantly (RR 2.22), but naproxen was not found to con-
tribute to major vascular events (RR 0.93). Heart failure risk was approximately increase by
twofold by all representatives [33].

All NSAIDs, including coxibs, adversely affect kidney physiology, which is expected consid-
ering the important role that prostaglandins play in regulation of renal perfusion and filtra-
tion. These effects manifest as hypertension, fluid retention, and in severe cases acute kidney
failure [30]. Exacerbating factors are preexisting kidney dysfunction and dehydration. But it
is not clear if the chronic use of NSAIDs leads to CKD or worsens its course. Several recent
epidemiologic studies tried to elucidate this matter. In one meta-analysis [35], authors have
concluded that regular-dose NSAIDs were not found to exacerbate the advancement of CKD
(OD = 0.96), but CKD accelerated with increased-dose NSAID use (OD = 1.26). And authors
have concluded that it was acceptable to use NSAIDs in moderate to severe CKD, but doses
must be tailored to minimal and effective at the same time.

In general, NSAIDs should be used in the short term and avoided in elderly, and precautions
for gastric protection should be undertaken.

Despite well-known side effects and warnings, most of the CKD patients continue frequent
consumption of NSAIDs, because these medications are easily available over the counter.

5.3. Opioids

The extent of opioid use among CKD patients is not well established. In recent review, it was
reported to range around 18-36% [36].
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As mentioned above, the use of opioids is highly undesirable in CKD patients, but in prac-
tice physicians are obliged to, due to the severity and poor pain control with non-opioid
medications.

Morphine as a prototype opioid should be avoided as much as possible; it produces active
metabolites which depend on kidney functions for clearance. The liver converts morphine
to morphine-3-glucoronide approximately 55%, morphine-6-glucoronide 10%, and normor-
phine 4%.

In CKD patients accumulation of metabolites produces delayed suppression of respiratory
drive; at the same time, other bothersome side effects such as pruritus can be challenging
to manage. Morphine removed with hemodialysis up to 47%, but its metabolite, morphine-
6-glucoronide, is fat-soluble and retained even after dialysis. It might be the cause of rebound
phenomenon observed after dialysis.

Starting dose of morphine depends on glomerular filtration rate and should be around quar-
ter to half of normal doses if it is 10-50 mL/min range and must be avoided at all if GFR is less
than 10 mL/min.

Codeine is extensively metabolized to codeine-6-glucuronide (70%), to morphine by CYP2D6
enzymes (15%), and only 10-15% to norcodeine. About 5-15% of codeine is excreted by kid-
neys unchanged. Furthermore, morphine itself undergoes transformation to active metabo-
lites as described above. All this makes codeine unsuitable for CKD patients; thus, no dosing
regimen can be recommended at all.

Tramadol is known for its other, non-opioid properties, namely, inhibition of serotonin
reuptake, which increases serotonin concentration in the synaptic cleft and low abuse poten-
tial. Tramadol produces active metabolites by O-demethylation (M1), which is more potent
than tramadol itself and less active N,O-didesmethyltramadol (M5). These metabolites then
undergo glucuronidation and are excreted by kidneys, 60% of initial dose as metabolites,
and 30% unchanged. In CKD patients tramadol and its metabolites accumulate significantly,
increasing the risk for respiratory depression and seizures, as well as serotonin syndrome.
Recommended dose for tramadol in CKD patients with CrCl less than 30 mL/min is maxi-
mum of 100 mg twice daily and only 50 mg twice daily for stage 5 patients who are usually
on dialysis [15].

Hydromorphone is considered relatively a better opioid option in CKD patients, despite the
fact that it also produces active metabolite, hydromorphone-3-glucuronide, with seizure-
inducing properties. This metabolite is removed via hemodialysis up to 40% [37]. Its analgesic
properties are better than morphine, and some authors reported improvement of side effect
profile, especially cognitive abilities after switching from morphine to hydromorphone [38].
Nevertheless, doses in CKD patients should be reduced, and dialysis patients should keep in
mind that dialysis does not remove metabolites fully.

Oxycodone has same analgesic potency as morphine but better bioavailability and higher abuse
potential. It is converted to inactive noroxycodone (45% of total dose) and active oxymorphone
(19%). The latter is more potent than morphine with less pronounced side effects. Around 72%
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is excreted via kidneys, of which 8% as oxycodone and the remaining as metabolites. In CKD
patients, dose reduction is necessary, if GFR is less than 60 mL/min, the serum concentration of
oxycodone reaches 50%; thus, starting dose should be 30% and titrated with lengthening the dos-
ing interval. In stage 5 CKD patients, it is best to be avoided, although it is removed by dialysis.

Methadone was traditionally used in the treatment of opioid addiction but now increasingly
prescribed for outpatient chronic pain patients. It has good bioavailability (mean value 75%),
although pharmacokinetics greatly varies among individuals due to differences in CYP450
enzyme activity (which depends on genetics or patient’s other medications). Eventually it
undergoes N-demethylation in the liver by CYP3A4 to inactive metabolite. It has long life,
elimination half-life reaching approximately 22 hours. Limited number of studies showed
that no significant accumulation in CKD patients occurs, making it a suitable medication for
renally impaired population. Therefore no dose adjustments are mandatory, except in cases
when the patient is taking other CYP450-altering medications.

Buprenorphine is also extensively metabolized by the liver producing weak analgesic, nor-
buprenorphine. Thirty percent of both parent drug and metabolite is cleared by kidneys. In
CKD patients, it can be used in regular doses in stages 1-4 but in stage 5 used with caution
and monitoring. It is dialyzed by both hemo- and peritoneal dialysis.

Fentanyl is considered a safe opioid in CKD patients, and recommended route is transdermal
patch (except in ESRD when it is avoided), but dose reduction should be up to 50% in severe to
moderate CKD. It is mainly metabolized by oxidation in the liver, producing inactive metabolite,
norfentanyl; 75% is excreted within 3 days. It is not dialyzed by either hemo- or peritoneal dialysis.

Alfentanil is similar to fentanyl, can be also used as a transdermal patch, and does not pro-
duce active metabolites. It is short and fast acting and also cannot be removed with dialysis.
No dose reduction is required in CKD patients in any level.

When prescribing any opioid, all clinicians must follow safety precautions, explaining to
patient treatment goals, using lowest dose to reach pain relief, following the patient regularly
and frequent questioning of opioid need.

6. Non-pharmacological pain control

Non-pharmacological approach to pain management starts with working on psychological
components of the pain. Devine et al. analyzed 191 studies and confirmed significance of
psychological and educational care of surgical patients and its role in managing acute post-
operative pain. It included providing patients with proper information about procedures and
the expected level of pain, instructing them on proper coughing and breathing techniques,
and providing emotional support [39].

Transition from acute to chronic pain conditions also involves several psychological factors
such as depressive state, somatization, or significant distress [40].

Many kinds of questionnaires and tests were developed to be applied in chronic pain, discussion
of which is beyond the scope of this chapter. Generally, psychological management of chronic
pain patients should be carried out with the help of certified psychologist or psychiatrist.
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Considering the burden of musculoskeletal pain in CKD patients, therapies to reduce muscle
tension and myofascial release should be applied, such as bed rest, bracing, traction, manipu-
lation and mobilization, exercise, and heat/cold applications. Acupuncture was proven to be
effective in lower back pain and knee pain; therefore, along with mindfulness, meditation and
relaxation techniques prove to be safe and applicable to CKD patients too [41].

7. Conclusion

A considerable number of CKD patients experience acute pain at some point of their life,
and even bigger portion of this population suffer from chronic pain. It is apparent from
epidemiologic studies that pain can be experienced by more than 50% of CKD patients and
greatly affects their quality of life. Moreover, poor pain control may lead to exacerbation of
other psychological symptoms and contribute to further patient deterioration. If it is rela-
tively clear how to manage acute pain in hospitalized patients, chronic pain remains mostly
understudied and not fully understood. WHO stepwise approach to treating cancer pain may
be tailored to CKD patients considering disturbances of pharmacodynamics of most medica-
tions in renal impairment. When there is a need to prescribe opioids, all precautions for side
effects and addiction prevention must be taken. Pain practitioners should actively advocate
non-pharmacological pain management techniques in appropriate patients.
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Abstract

Perioperative pain management for obese patients is daily challenges for anesthesiologists
especially if complex comorbidities such as Obstructive Sleep Apnea and cardiovascular
disease coexist. Limitations to effective pain management in this group are multifactorial,
that includes technical difficulty with regional techniques, limited expertise, unavailability of
standardized guidelines and lack of familiarity with recent multimodal analgesic regimens.
Opioid-related complications such as narcotic-induced ventilatory depression in these group
of patients poses another critical concern for both trainees and the experienced anesthesiol-
ogists. This chapter is intended for residents, fellows, as well as senior perioperative physi-
cians, and will explore various regional and pharmacological options for acute pain
management in this special population based on recent advances and available evidence.

Keywords: acute pain, obstructive sleep apnea (OSA), OSA pathology, opioid interaction
with OSA, multimodal pain management

1. Introduction

Obesity is one of the growing worldwide epidemics that has doubled since 1980. In 2016, about
39% of women and men across the world were overweight, and 11% of men and 15% of women
were obese [1]. Obesity is a chronic systemic disease characterized by abnormal and excessive fat
deposition with a significant impact on individual’s quality of life and life expectancy in addition
to its burden on public health resources. Overweight and obesity are defined as BMI > 25 kg/m?
and > 30 kg/m?, respectively. Beyond that BMI-centric definition, complications-centric approach
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is more comprehensive and clinically relevant to assess the adiposity-based chronic disease
(ABCD). Airway obstruction is a common comorbidity in the obese population, with an esti-
mated prevalence of 40% in moderate obesity, and up to 90% in patients with severe obesity. The
grade of airway obstruction proportionally correlates with the severity of obesity. It has been
shown that each 1-SD increase in BMI increases the risk of OSA four folds [2], moreover a 10%
change in body weight increases the severity of OSA by 30%, as measured by apnea-hypopnea
index [3]. OSA on top of obesity is associated with worse perioperative outcomes in terms of
difficult intubation, postoperative respiratory, atrial fibrillation and other perioperative cardiac
events [4]. Given the increasing prevalence of obesity, anesthesiologists are very likely to find
themselves caring for obese patients with sleep apnea. This necessitates anesthesiologists and
pain physicians to acquire a clear understanding of OSA pathology, familiarity with multimodal
pain modalities, experience with regional anesthesia and structured pain management protocols.
This chapter is an OSA-centered review of the commonly used pain medications and the most
clinically relevant topics in OSA pathology and pain management. It is intended to be a quick
review for residents, fellows in training and pain physicians and is equipped with the latest
evidence-based management options.

2. Obstructive sleep apnea

Obstructive Sleep Apnea (OSA) is one of four types of breathing problems that occur during
sleep. These include sleep apnea due to a central cause, hypoventilation, and hypoxemia during
sleep. OSA presents as daytime sleepiness, loud snoring, witnessed apneic episodes, or frequent
awakenings due to airway obstruction. In OSA, at least one of the obstructive respiratory events
such as apneas, hypopneas or increased respiratory effort related arousals occur per hour of
sleep. The alternating episodes of snoring and silence lasting 20-30 seconds are usually associ-
ated with a reduction in blood oxygen saturation and interruption of sleep pattern [5]. Risk
factors include obesity, male gender and postmenopausal state [6]. It is prevalent in 4% of men
and 2% of women, with predominance in 40-60 years of age. It is believed that the number of
patients suffering from OSA is underestimated, given the lack of an accurate screening tool [6].
The National Sleep Foundation (NSF) found 26% of American healthy adults at a high risk of
OSA based on Berlin questionnaire assessment [6].

OSA could be mild, moderate or severe, depending upon the respiratory disturbance index
(RDI). RDI between 5 and 15 is mild, between 16 and 30 is moderate and more than 30 per
hour is severe [5, 7]. The severity of OSA requires an objective testing with sleep study using
polysomnography or portable monitors at home or drug induced sleep endoscopy (DISE), as it
impacts treatment decisions.

3. OSA pathophysiology and its interaction with opioid pharmacology

OSA is a systemic disease with multiorgan involvement that is not limited to obstruction of the
upper airways. It is associated with significant negative functional and cognitive outcomes
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apart from a higher morbidity and mortality. OSA is associated with cardiovascular morbid-
ities including pulmonary and systemic hypertension, heart disease, ischemic stroke, diabetes
and metabolic syndrome [8-12]. During sleep, OSA patients have depressed ventilation, which
worsens with any perioperative opioids. It is known that arousal is a protective mechanism.

OSA is the result of interaction between normal sleep physiology and abnormal upper
airway anatomy. The narrowing of upper airways can be due to either soft tissues or bony
structures. Soft tissues factors include an enlarged tongue, increased soft tissue volume, fat
deposition in upper airways or enlarged tonsils in pediatric patients. The latter can be
heritable and seen in the absence of obesity [13]. Bony structures can also affect patency of
the airway. Increased mandibular length was associated with less risk for OSA development
in male individuals [14]. Patients with OSA tend to have an impaired arousal in response to
airway obstruction [15].

REM stage of sleep causes a generalized loss of muscle tone including muscles responsible for
patency of the upper airway; genioglossus, palatal muscles and hyoid muscles [6-8]. Under
physiological conditions, sleep causes narrowed airway caliber, increased airway resistance
and increased upper airway compliance [16, 17]. This could increase the work of breathing
causing hypoventilation and increased arterial partial pressure of carbon dioxide (PaCO,).
During wakefulness, the decreased airflow through a narrowed airway is compensated by
increasing respiratory muscle effort thus creating greater negative intrathoracic pressure, a
reflex known as mechanical load compensation [18]. This mechanism is normally lost during
sleep and is more exaggerated in OSA patients.

Such physiologic changes during sleep may be well tolerated in individuals with an acceptable
airway anatomy. But with an already narrowed upper airway, sleep-induced hypotonia can
potentially cause complete obstruction of the airway. The interaction between these physio-
logic and pathologic factors leads to recurrent airway collapse resulting in reduced (hypopnea)
or complete cessation of airflow (apnea) despite patient’s breathing efforts. This eventually
leads to intermittent blood gas disturbances (hypoxia and hypercapnia) and interrupted sleep.
The typical feature of OSA is a cyclic breathing pattern that develops, with alternating cycles of
obstructive breathing events (sleep) and arousal (wakefulness).

Breathing during sleep is dependent on the chemoreceptor and mechanoreceptor inputs to
the brain. Hypoxia and hypercapnia stimulate the central chemoreceptors and peripheral
carotid and aortic bodies chemoreceptors which in turn stimulate ventilation and cause
cortical arousal. Increased respiratory muscle effort per se can cause cortical arousal [19].
Once arousal occurs, inspiratory upper motor neurons are stimulated resulting in a rapid
recovery of dilator muscle activity, return of muscular tone in the genioglossus and pharyn-
geal muscles with resulting relief of airway obstruction [20, 21].This subsequently leads to
restoration of blood oxygen levels and clearance of the accumulated carbon dioxide. When
the patient falls asleep, the cycle of obstruction and hypoxia recurs and so on. Arousal is the
predominant protective mechanism in OSA, after which oxygen and carbon dioxide levels
return to normal. All of the opioids cause varying degrees of sedation and sleep-disordered
breathing, that could be central sleep apnea and peripheral OSA [22, 23]. As patients with
OSA are at a higher risk of oxygen desaturation, opioids sparing analgesic techniques are
preferred [24].
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4. Causes of acute pain in patients with OSA

Patients with OSA may experience acute pain in a nonsurgical or a surgical setting. Listed
below in Table 1 are some of the common causes:

Nonsurgical causes 1. Headache: mostly morning headache, very common, 50% of OSA patients [25], unknown
cause.
2. Coronary artery disease (CAD): OSA is associated with higher thrombotic risk [26].
3. Tonsillitis: pain and difficulty in swallowing [27].

Common surgical 1.  Tonsillectomy: “Post-tonsillectomy pain” due to disruption of mucosa and
causes glossopharyngeal nerve irritation the pharyngeal muscles spasms [28].
2. Uvulopalatoplasty: [29].
3. Bariatric surgery: laparoscopic bariatric surgeries which are less painful than open surgeries
[30].

Table 1. Some common causes of acute pain in patients with OSA.

5. Drug treatment options

The choice of one analgesic over the others is dependent on its safety profile and the interaction
with OSA and its complications. Interestingly, the systemic effects of OSA like chronic hypox-
emia and systemic inflammation can increase analgesic sensitivity to opioids [31]. Chronic
intermittent hypoxemia activates hypoxemia inducible factor-1 alpha which in turn increases
expression of mu opioid receptor and delta opioid receptor expression, augmenting opioid
sensitivity [32].

5.1. Opioid medications

5.1.1. Opioid effects on ventilation

Opioids depresses the respiratory drive by inhibition of respiratory centers in the brain stem,
thus decreasing the respiratory rate and the tidal volume [33]. Opioids could also obstruct the
upper airway through loss of muscle tone due to sedation or through direct inhibition of
central neurons responsible for maintaining upper airway muscle tone [34]. Moreover, it alters
the upper airway reflexes and responses to ventilatory depression [35].

The respiratory depression results in hypoventilation with subsequent increase in PaCO, [33].
These effects are dose-dependent and could be life-threatening with higher doses of opioids or
multiple boluses that are commonly used in perioperative period or after major trauma. Those
additive risks in OSA patients with already depressed ventilation and airway obstruction
could increase the risk of respiratory events and mortality after recovery from anesthesia.
Therefore, it is prudent to start with the lowest dose recommended and carefully titrate to
effect.
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5.1.2. Opioid-induced sleep disturbances

Patients without OSA who are on chronic opioid therapy have been reported to have sleep
disturbances, impaired self-reported sleep and poor sleep quality [36]. These effects might
exacerbate already disturbed sleep in OSA patients.

5.1.3. Opioid effects on the cardiovascular system

Opioids have unfavorable hemodynamic effects in OSA patients such as hypotension, ortho-
static hypotension, and syncope of various degrees. The negative hemodynamic effects are due
to central vasomotor depression, direct myocardial depression, and arteriovenous dilatation in
higher doses [37]. In general, cautious use of opioids should be considered in patients with
severe OSA associated with hypertension, arrhythmias and heart failure. Fentanyl has a
relatively favorable cardiovascular profile compared to other opioids. For anesthetic manage-
ment, it has modest effects on blood pressure and myocardial contractility. It is well tolerated
as an analgesic regarding cardiovascular adverse effects compared with other opioids. Mor-
phine has the greatest potential for histamine release, compared to other opioids, resulting in
hypotension. Hydromorphone can cause a greater drop-in blood pressure compared to
equipotent doses of morphine. Tramadol has a lower risk of cardiovascular adverse events,
but it can lead to serotonin syndrome and cardiac arrhythmias. Meperidine administration
leads to significant decrease in blood pressure and cardiac output due to direct myocardial
depressant effects and peripheral vasodilatation. It can predispose patients to serotonin crisis
[38]. Methadone is recently becoming popular in chronic pain management. However, it has
been associated with QTc prolongation with a risk of torsade de pointes [35, 39].

5.2. Nonsteroidal anti-inflammatory drugs (NSAIDs)

These are foundational analgesics and highly effective as they have lower numbers needed to
treat (NNT) comparable with other medications. Ketorolac and Ibuprofen are the commonly
used NSAIDs in a perioperative setting. The American Society of Anesthesiologists (ASA)
taskforce recommends the use of perioperative NSAIDs to decrease narcotic consumption
[40]. A reduction in narcotic consumption in the postsurgical period was achieved by regular
administration of Ketorolac in morbidly obese patients [41, 42]. Likewise, intravenous
intraoperative Ketorolac infusion has been shown to reduce pain scores in the same population
[42]. NSAIDs should be used with caution in patients with hypertension, arrhythmias, heart
failure and chronic kidney disease. They can increase the risk of serious cardiovascular events,
myocardial ischemia, and stroke and the risk is proportional to the duration of their use.
Selective COX 2 inhibitors carry a higher risk than nonselective COX inhibitors. If NSAIDs
use is necessary for high-risk patients, it is advisable to use the lowest dose possible for the
shortest duration. NSAIDs could precipitate acute kidney injury in patients with compensated
heart failure or diabetic nephropathy and also further worsen underlying chronic kidney
disease (CKD) [43, 44]. The hyperkalemia is mild, but could be critical in patients with elevated
K" serum levels due to CKD or with concomitant use of ACE inhibitors. The inhibition of
platelet aggregation through decreased production of thromboxane A, could potentially
increase bleeding in patients already on anticoagulants.
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5.3. Acetaminophen

Acetaminophen is a commonly used foundational analgesic with perioperative opioid sparing
properties. It offers the distinct advantage of being relatively safe and devoid of sedative
properties. Addition of acetaminophen to an intravenous opioid PCA regimen was associated
with a 20% opioid sparing effect in a meta-analysis of mixed surgical population [45]. Similar
opioid dose reduction expected in patients with OSA could therefore potentially reduce
opioid-induced ventilator problems. Obese bariatric surgical patients receiving postoperative
intravenous acetaminophen 1 gram every 6 hours required fewer morphine equivalents [46].
Acetaminophen lowers cumulative narcotic consumption, regardless of the route of adminis-
tration [47, 48]. It has the most favorable effect on blood pressure and should be considered as
the first line treatment option in patients with hypertension or cardiovascular disease.

5.4. Anticonvulsant agents

Anticonvulsant agents in clinical use for their analgesic benefits include Pregabalin and
Gabapentin. The preoperative use of Pregabalin as premedication significantly lowered imme-
diate postoperative requirement of pain medications among bariatric surgical patients. [49]
Preoperative Gabapentin has also significantly lowered immediate postoperative pain scores
in morbidly obese bariatric surgical patients [50]. However, the most common side effects of
these drugs are dizziness and somnolence, which potentially add to the OSA induced somno-
lence. Postoperative respiratory depression with the use of Pregabalin has been reported in a
patient with undiagnosed obstructive sleep apnea [51]. Concomitant opioid use could increase
the risk of respiratory depression and caution should be considered. The Ottawa hospital
algorithm for Pregabalin use recommends either avoiding or cautiously titrating low doses
depending on the clinical setting and patient characteristics [51]. Pregabalin and Gabapentin
could cause peripheral edema which is not related to cardiac, hepatic or kidney failure [52].

5.5. Alpha , agonists

Alpha ; agonists such as Clonidine and Dexmedetomidine are used in perioperative setting for
their analgesic properties. A meta-analysis conducted in a mixed general surgical population
suggested that perioperative alpha , agonists reduce narcotic consumption in the postopera-
tive period [53]. However, very limited data is available regarding their use in obese patients
with OSA. Nonopioid anesthetic with Dexmedetomidine in obese patients with OSA resulted
in low pain scores in Post Anesthesia Care Unit (PACU) and no perioperative events [54].
Among patients with morbid obesity, substitution of intraoperative opioids with an intra-
operative Dexmedetomidine infusion resulted in reduced perioperative opioid requirements
[55]. Also, perioperative Dexmedetomidine infusion were found to significantly reduce post-
operative opioid consumption (24-hours) as compared to conventional perioperative analgesic
regimens [56]. Alpha , agonists can cause sedation which could interfere with arousal in OSA
patients. However, their opioid sparing benefits may offer greater benefit than the risks.
Clonidine causes adverse effects like hypotension, bradycardia, sinus and AV nodal block
[57]. Dexmedetomidine causes hypotension and bradycardia more often than hypertension
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and tachycardia. It may also reduce atrial fibrillation (AF) induction among adult patients with
history of paroxysmal AF.

5.6. Ketamine

Ketamine, an N-methyl-d-aspartate (NMDA) antagonist has recently received increasing atten-
tion as a relatively safe adjuvant analgesic. In patients with morbid obesity, low-dose Ketamine
added to intravenous Morphine PCA resulted in a significant reduction in opioid consump-
tion. Importantly, subjects receiving ketamine in addition to morphine had fewer episodes of
desaturation postoperatively [9]. A preinduction dose of ketamine of 0.5 mg kg ' together
with Clonidine significantly lowered pain scores and perioperative opioids consumed [58].
Intra-operative Ketamine at doses up to 1 mg kg~ ' was shown to decrease opioid consumption
in recovery but at the cost of significant drowsiness [59].

5.7. Tramadol

It is an analgesic of intermediate potency with possible advantages in OSA patients due to its
multimodal mechanism and a relatively lower risk of respiratory depression [60].

6. Multimodal strategies for pain management in obese patients with OSA

Multimodal analgesia is the use of a combination of different analgesic medications and
techniques with an aim to provide optimal pain control, thus allowing reduction in opioid
requirements. They may have additive or synergistic effects by acting through diverse mecha-
nisms either peripherally or centrally in the nervous system [61]. Multimodal analgesia with a
combination of IV Paracetamol and IV Ketorolac in bariatric surgery was found to reduce the
postoperative opioid consumption by about 70% [62]. A nonopioid analgesic regimen that
employed a combination of nonopioid analgesics (Ketorolac, Clonidine, Ketamine, Lidocaine
and Magnesium) in thirty morbidly obese patients undergoing bariatric surgery resulted in
lesser PACU opioid consumption and less sedation [63]. The opioid-sparing multimodal
techniques are summarized in Table 2.

Magnesium, intravenous local anesthetic infusions (lidocaine), and Clonidine are some addi-
tional drugs that have been used perioperatively in patients with morbid obesity to enhance
analgesia [64, 65] but more scientific evidence is needed before adopting these agents into
routine clinical use.

6.1. Regional analgesia techniques in patients with obstructive sleep apnea

Narcotic-based pain regimens for OSA patients have a risk of opioid-induced respiratory
depression. Hypoxia, sleep disturbance, pain, and disturbed opioid responses in OSA contrib-
ute to that risk [66, 67]. Neuraxial techniques and peripheral nerve blocks are effective
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Nonopioid analgesics include

Nonsteroidal anti-inflammatory drugs (NSAIDs),

Acetaminophen,

Analgesic adjuvants such as Ketamine, Dexmedetomidine, and Clonidine may also decrease postoperative opioid
requirements.

Regional analgesia with local anesthetic (e.g., peripheral nerve blocks, epidural analgesia)

Table 2. Opioid-sparing techniques include a combination of the following.

interventions and superior alternatives in pain management toolkits. It offers a superior anal-
gesic effect and minimizes the need for systemic analgesics [68, 69].

Perioperative management by regional analgesic techniques rather than systemic opioids has
been recommended by the American Society of Anesthesiologists since 2014, with an aim to
reduce the likelihood of OSA-related perioperative adverse outcomes. The beneficial effects of
perioperative regional analgesic techniques on patient outcomes have been proved in general
surgical population [70, 71]. Still, the evidence in OSA patients is inconclusive as it was driven
mainly from case reports or small retrospective case—control studies [67, 72].

6.2. Neuraxial analgesia techniques

Neuraxial analgesia is a modality with high efficacy and can be used effectively as a sole
analgesic approach. Its beneficial effects on respiratory functions such as superior spirometry
in the immediate postoperative period and lower postoperative pulmonary complications
have been consistently documented in many studies [73, 74]. The risks in morbidly obese
patients include respiratory depression secondary to a rostral spread of neuraxial opioids that
could lead to a postoperative respiratory arrest [75, 76]. Therefore, the ASA task force recom-
mends that expected benefits should be weighed against the potential risks.

Technical difficulty with procedure failure has been proposed as another challenge in OSA
patients, who are often obese. Yet, these concerns lack conclusive evidence, and most have
been driven from opinion-based reports. Studies in obese pregnant have showed that the
incidence of technical difficulty for epidural anesthesia is overrated. The success was corre-
lated with optimal positioning prior to placement and good quality of palpable surface land-
marks [77]. Preprocedural ultrasonography (US) of the spine could accurately identify the
intervertebral space and predict the needle insertion depth in intrathecal space thus facilitating
placement of an epidural catheter. Systematic review and meta-analysis have shown that spine
US has a greater accuracy than manual palpation of surface anatomical landmarks [78]. This
could lead to a decreased risk of technical failures and the number of needle punctures.

6.3. Peripheral nerve blocks (PNB)

PNB modality is another pillar of opioid-sparing analgesic techniques. It includes upper
extremity, lower extremity, and planar blocks such as transversus abdominis plane (TAP)
block, paravertebral block, and erector spinae plane block (ESP). Initially, studies showed that
obesity (BMI > 25 kg/m?) is independent risk factor for block failure. [45] However, other
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studies showed not much of a difference in success rate between obese and nonobese and proved
that success mainly depends on experience of anesthesiologist and the use of ultrasound-guided
techniques [46]. Upper extremity blocks include brachial plexus block that could be performed at
different levels. It offers good analgesia for patients with OSA who have a respiratory compro-
mise. Phrenic nerve block is a theoretical risk with inter-scalene block. There is insufficient
evidence to recommend its use in this group of patients [79]. Ultrasound-guided transversus
abdominis plane (TAP) block is performed in laparoscopic and open abdominal surgeries as it
effectively blocks T10 to L1 segments. A successful bilateral TAP block is effective for abdominal
midline incisions, especially in nonobese and in situations of failed or difficult epidurals [63].
Paravertebral block is another option for thoracoabdominal surgeries. It could be administered
as a single shot or continuous technique, either intra or postoperatively. Multilevel paravertebral
block has shown to be successful and opioid-sparing in obese females undergoing breast surgery
[80]. The erector spinae plane block (ESP) is a recently evolved simple technique that could be
performed under ultrasound guidance. It is gaining popularity for its effective pain relief for
somatic and visceral pain. However, further clinical investigation is needed to clearly establish its
efficacy in OSA patients. Perioperative analgesia for OSA patients could be carefully planned in
the perioperative period. Many effective regional analgesia modalities are currently available for
intraoperative and postoperative.

7. Combined strategies for analgesia

Preemptive analgesia could obtund nociceptive responses prior to surgical stimulus and pos-
sibly decrease postoperative pain. Moreover, it could possibly decrease the probability of
conversion of acute pain to chronic pain [81]. Postoperative patient-controlled intravenous
analgesia (PCA) or epidural analgesia (PCEA) have been shown to decrease narcotic consump-
tion and provide a high degree of patient satisfaction [82]. Other techniques like long-acting
local anesthetic infusions at the surgical wound site or even intraperitoneal infusion have
shown promising results [83, 84].

Poor pain management of morbidly obese patients increases postoperative complications [85].
Therefore, the use of multimodal analgesia can solve this problem, consequently improving
patient satisfaction and reduce postoperative morbidity.

Developing an optimal evidence-based pain management protocol tailored to obese patients
with OSA is a challenging task. The majority of current recommendations are either based on
studies with small sample size or lacking a scientifically rigorous study design. Given the paucity
of literature in obese patients with sleep apnea, it is difficult to draw a definitive conclusion. Yet,
the obvious benefits of multimodal analgesic regimen make it popular in regular clinical practice.

8. Nonpharmacological options to pain management

The nonpharmacological options are summarized in Table 3:
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Peripheral therapies (physical skin stimulation)

Transcutaneous electrical nerve Application of electricity to stimulate the skin can be used to manage different

stimulation (TENS) types of pain. The mechanism could possibly be explained by Gate control theory.
There is a lack of strong evidence to suggest benefits of TENS in labor pain

Hot-cold treatment Can be used in acute musculoskeletal injury [86].

Acupuncture and acupressure It could reduce cancer pain intensity [87]

Exercise To relieve pain by preventing spasms and contractures [13].

Positioning Adequate position in the postoperative period by pillows and special beds. [13]

Restriction of movement/resting Prolonged bed rest is not recommended —the bed rest for about two days may be
beneficial after back surgeries by reducing edema.

Cognitive-behavioral therapies
Distraction by music Decreases pain sensitivity and increase pain tolerance

Reflexology Special techniques employed to apply pressure at reflex points on feet
corresponding to various body parts decreases pain perception by altering
physiology [13].

Meditation, Yoga, Hypnosis, Herbal treatments, Aromatherapy, Relaxation—respiration techniques

Table 3. Summarization of the nonpharmacological options.

9. Monitoring, oxygen and positive airway pressure therapy for obese
patients with sleep apnea

9.1. Monitoring

Oxygen saturation and respiratory rate should be closely monitored in these group of patients
receiving opioids or other potentially sedative medications [88]. For continuous assessment of
the adequacy of ventilation in the postoperative setting, end-tidal CO, measurement has
become the standard of care [89, 90]. End-tidal CO, detects hypoventilation earlier than any
other physiological monitors. OSA patients at high risk should be continuously monitored
with pulse oximetry until patient maintains oxygen saturation to their preoperative baseline
levels [91, 92]. Studies have shown that pulse oximetry monitoring in postoperative patients is
very useful in detecting hypoxemic episodes [40, 93].

9.2. Oxygen therapy

Obese patients with suspected or confirmed OSA should be transferred with supplemental
oxygen from operation room to the post-anesthesia care unit (PACU) after receiving gen-
eral anesthesia. In the PACU, patient head end elevation by at least 30 degrees is
recommended. Though there is not enough literature that shows the effect of supplemental
oxygen in postoperative settings, the recommendation is that supplemental oxygen should
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be continued in all postoperative OSA patients until they maintain preoperative (baseline)
oxygen saturation on room air [91].

9.3. Positive airway pressure therapy

Use of CPAP in PACU is recommended for OSA patients who were using it preoperatively at
home and also when patients get frequent attacks of airway obstruction in the recovery room
[91, 94]. It should also be continued on the inpatient units. CPAP has shown to reduce the
incidences of apnea and hypopnea episodes when compared to the preoperative baseline.
CPAP is associated with improved ventilation in postoperative OSA patient and also it has
shown reduced hospital stay [95-97].

Patients who receive long-acting opioids should be monitored closely and may need high
dependency unit admission for postoperative monitoring. Indications for obese patients with
OSA for HDU or ICU admission are preexisting co-morbidities, limited functional capacity,
major surgery, poorly controlled OSA requiring systemic opioids. The patient should be
discharged to the unmonitored settings only when adequate oxygen saturation is maintained
to baseline level on room air and with no more risk of respiratory depression (apnea or
hypopnea) that can be determined ideally when the patient is asleep [91].

10. Recommendations from guidelines in obese patients with OSA

High-risk OSA patients should be managed by a dedicated specialized anesthesia team. Regional
anesthetic technique or nonopioids analgesics should be used to reduce the need for systemic
opioids. Meticulous monitoring is required when sedatives and opioids are used in suspected or
OSA patients due to high risk of respiratory depression. Even HDU or ICU admission for
monitoring could be considered if obesity is associated with other co-morbidities. OSA and its
complications should be anticipated in obese patient. Postoperative use of supplemental oxygen
is recommended as it reduces the incidence of hypoxemic episodes, in addition to CPAP or
NIPPV, that could relieve the upper airway obstruction.
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