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Preface

The 2020 revised definition of the International Association for the Study of Pain 
states that pain is “An unpleasant sensory and emotional experience associated with, 
or resembling that associated with, actual or potential tissue damage”. The defini-
tion is expanded by other keynotes for further valuable context. Such notes are, for 
example, that pain is a personal experience, and that pain differs from nociception. 
Yet, pain management has always been a quest for humankind. In fact, the world’s 
oldest recorded list of medical prescriptions from a Sumerian clay tablet dating to 
about 2100 BC is about pain.

Medicine has made tremendous progress in the field of algology. However, the per-
sonal and societal burden of pain, either acute or chronic, remains extremely high. 
The incorporation of genetic testing and artificial intelligence in daily practice is 
expected to change our understanding about the pathophysiology of pain, facilitating 
assessment and monitoring and boosting the development of innovative models of 
personalized care.

Within this framework, this book provides an overview of pain in two areas. The 
first section of the book is dedicated to pain management in different conditions and 
various populations, including in the emergency department and the intensive care 
unit. It also discusses multimodal analgesia and enhanced recovery after surgery 
(ERAS) protocols for vestibular migraine, nociplastic pain in gynecology, inter-
disciplinary rehabilitation programs to palliative, and end-of-life care. The second 
section highlights the pharmacology of analgesics, with a focus on aspirin, as well as 
discusses topics in pain research and genetics.

The diversity of the subjects presented makes this book a valuable resource, opening 
pathways for future researchers.

Theodoros Aslanidis
Intensive Care Unit and Anesthesia Department,

“Agios Pavlos” General Hospital,
Thessaloniki, Greece

Christos Nouris
Intensive Care Unit,

“G. Papageorgiou” General Hospital,
Thessaloniki, Greece
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Chapter 1

Introductory Chapter: Pain in ICU
Theodoros Aslanidis and Christos Nouris

1. Introduction

According to the International Association for the Study of Pain (IASP), pain is 
defined as “an unpleasant sensory and emotional experience associated with actual 
or potential tissue damage or described in terms of such damage” [1]. This “pain 
distress” is usually augmented in the ICU where patients suffer the additional psycho-
logical distress of hospitalization, communication difficulty, and self-control loss [2]; 
and it is considered the main source of anxiety, agitation and sleep deprivation, and 
delirium in the ICU [3].

Apart from that, sustained pain leads to a state of persistent adrenergic activation 
and systemic inflammatory response syndrome encapsulating which are related to 
tachycardia, hypertension, increased myocardial oxygen consumption, and myocar-
dial ischemia [4]; atelectasis, diaphragmatic dysfunction, respiratory impairment, 
increased catabolism, hyperglycemia, immunosuppression impaired wound healing 
and hypercoagulation [5–8].

The former result not only in a higher ICU length-of-stay, ICU morbidity, and 
mortality but also long-term consequences even after ICU discharge. The incidence of 
chronic pain (duration of more >3 months) after ICU varies from 28 to 77% and risk 
factors for chronification of pain involve pre-existing chronic pain, the intensity of 
acute pain, and the presence of acute pain at discharge from ICU [9, 10]. Chronic pain 
is a key element of Post Intensive Care Syndrome, a physical, cognitive, and psycho-
logical entity that may persist for years after ICU discharge [2].

Despite these facts, pain continues to be a commonly reported experience among 
ICU patients. More than half of critically ill patients report moderate to severe pain 
at rest and 80% experience pain during procedures with fewer than 25% receiving 
analgesics before painful procedures [11–15].

The rates of pain do not defer between medical and surgical ICUs [16]. Patients in 
ICU experience pain due to their illness or the diagnostic and therapeutic procedures 
carried out by medical and nursing staff. ICU-related procedures characterized as 
uncomfortable are repositioning, physiotherapy and mobilization, wound and burn 
dressing changes, tracheal suctioning, and mechanical ventilation but the care-related 
procedures described as most painful are arterial line insertion, chest tube removal, 
and wound drain removal [14].

2. Assessment of pain in ICU

Diagnosing and quantifying pain in ICU is a complex matter and a systematic and 
thoughtful approach is needed. It is essential to differentiate pain from other causes of 
distress, like delirium, hypoxemia, hypotension or withdrawal of alcohol and drugs, 
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and address the issue accordingly [1]. The approach should be systematic and proto-
colized. However, surveys have shown that only 50% of ICU professionals assess pain 
and they only do it infrequently [17]. Clinicians should assess critically ill patients for 
their level of pain regularly, that is every 2–3 hours and every time before a painful 
procedure or mobilization, using validated scales [3]. Vital signs associated with pain 
(hypertension, tachycardia, tachypnea) are poor indicators of pain because physi-
ological parameters related to pain can be augmented or inhibited by several other 
factors in the ICU setting [1].

When patients in ICU can interact and communicate, either verbally or not, 
commonly used pain scales are very useful in the assessment of pain. The most valid 
and feasible among several pain intensity rating scales is a visually enlarged numeric 
rating scale (NRS) from 0 to 10, where 0 represents no pain and 10 represents severe 
pain [18]. Intubated patients can report their level of pain either by pointing on a 
large board that includes the numeric rating scale or by nodding as a provider holds 
up the board with the scale and points at the specific rating of their pain.

When patients in ICU are unable to communicate, scales that rest upon patient’s 
behavior are implemented. Behavioral Pain Scale (BPS) and Critical-Care Pain 
Observation Tool (CPOT) are the most effective. Behavioral Pain Scale relies on the 
observation of the patient’s expressions, upper limp movements, and synchrony with 
mechanical ventilation. It ranges between 3 and 12 and any value over 6 necessitates 
treatment of pain [19]. Critical-Care Pain Observation Tool is similar. It includes four 
components: facial expressions, body movements, muscle tension, and compliance 
with the ventilator for intubated or vocalization for extubated patients. This scale 
scores from 0 to 8 and a score over 2 indicates high levels of pain that need to be 
addressed [20]. Behavioral scales have been validated in critically ill patients [21, 22], 
but their correlation with self-reported scales is poor [23].

Despite the high availability of assessment tools for the diagnosis of pain in the 
ICU, existing literature suggests that as little as 19% of intensive care personnel 
adhere to the actual implementation of standardized diagnostic protocols [24]. Even 
then, adequate assessment must be partnered with an appropriate and adequate 
analgesic strategy to alleviate pain.

3. Treatment of pain in ICU

The pain must be treated before the administration of sedation, which should 
be initiated only if needed. It should rely on an algorithm-based approach using 
evidence-based protocols in response to pain scores [3, 16] and must be multimodal 
and holistic based on a variety of combined interventions to achieve the best anal-
gesic effect with minimal side effects [15]. Furthermore, pain should, whenever 
possible, be treated preemptively, before the initiation of potentially painful proce-
dures. Lastly, the specific analgesic pharmacological agents chosen to treat pain and 
the administrated dosage must be tailored to each patient concerning the patient’s 
specific needs.

Non-pharmacologic methods include massage therapy [25–27], cold therapy 
[28, 29], music and sound [30, 31], and relaxation therapy [32, 33]. They have been 
shown to decrease patient-reported and behavioral pain scores and the need for 
pharmacologic interventions [3] but are time-consuming requiring the engagement 
of the patient’s family and should always be used in conjunction with pharmacologic 
therapy [16].
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Pharmacologic therapy is based on the administration of numerous different 
classes of drugs that are often simultaneously used to block the various receptors and 
pathways of pain. Intravenous is the main route of administration but other options 
exist too. Regional analgesia, for example, and the use of local anesthetics can play a 
fundamental role in postoperative and post-trauma pain control in ICU. Central and 
peripheral neuraxial blocks have been shown to ensure adequate pain control with less 
opioid consumption and reduced stress response to surgery or trauma [34].

3.1 Opioids

Opioids are the mainstay for the treatment of acute non-neuropathic pain in the 
ICU. They are mostly administered intravenously by infusion following an initial 
bolus dose but can also be given by other routes like enteral (oxycodone, diamor-
phine, tramadol, codeine, morphine) or transcutaneous (fentanyl). Even when 
opioids are titrated to effect, prolonged use has been associated with several side 
effects: hemodynamic instability (bradycardia, hypotension), respiratory depres-
sion, gastrointestinal dysfunction (constipation, ileus, nausea, and vomiting), 
delirium and muscle rigidity, tolerance, dependency and iatrogenic withdrawal 
syndrome [35].

All opioids have the same analgesic efficacy, respecting the equianalgesic table. 
Except for meperidine which should be avoided in ICU, there is no evidence to favor 
the use of one opioid over another. Fentanyl is a highly lipid soluble short-acting 
potent drug with low impact on the hemodynamic status of the patient with safe 
renal and hepatic profile [36]. However, it accumulates displaying a prolonged 
duration of action, when given in high doses for long periods. Remifentanil has 
quick onset and offset of action, and it is metabolized to inactive metabolites 
through hydrolysis by plasma esterase. Alfentanil also has quick onset and offset of 
action, but its clearance is prolonged in liver failure. Morphine still has a place in 
ICU pain management. Caution is warranted because morphine is metabolized by 
the liver to morphine-3-glucoronide and morphine-6-glucoronide which are cleared 
by the kidneys. The former metabolite can cause delirium and the latter is more 
potent than morphine itself. Thus, accumulation and toxicity are possible in hepatic 
and renal failure. Other opioids like oxycodone, diamorphine, codeine, and trama-
dol are less commonly used in ICU.

3.2 Non-opioids

Paracetamol can be given through many routes (oral, intravenous, and rectal). It 
is effective in the treatment of mild to moderate pain and can be used in combination 
with opioids for the management of severe pain [18]. It should be given with caution 
in patients with reduced glutathione stores (malnutrition, co-morbidity) because of 
the potential risk of liver injury [18, 36, 37].

Non-steroidal anti-inflammatory drugs (NSAIDs) inhibit the regulation of cyclo-
oxygenase enzymes COX-1 and/or COX-2. Their analgesic properties in critically ill 
patients have not been studied elaborately [36]. Their use can cause kidney injury and 
gastrointestinal bleeding and are to be used with great caution in patients with renal 
dysfunction, congestive heart failure, and coagulopathy [38]. Thus, they are generally 
avoided in critically ill patients.

Alpha (a2)-adrenergic receptors agonists, clonidine and dexmedetomidine, 
are also implemented for the management of pain in the ICU. The latter has eight 
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times more affinity for a2-receptors than the former. They are both used in the 
ICU mostly for sedation. Even though they can have opioid-sparing proper-
ties they are not routinely used for reducing opioid administration in the ICU 
[18, 35–38]. They are mainly used to treat opioid, benzodiazepine, and alcohol 
withdrawal syndrome or improve analgesia quality in opioid-tolerant individu-
als. They can cause hypotension and bradycardia or, in case of abrupt cessation, 
rebound hypertension.

Ketamine is a sedative and analgesic agent that is reserved for special circum-
stances in ICU. It has an opioid-sparing effect for opioid-tolerant and dependent 
patients and has been shown to be effective in the management of pain in sickle cell 
crisis and after major abdominal surgery [39]. It reduces cough and stress response 
during tracheal suctioning attenuating intracranial pressure increase in head-injured 
and neurosurgical patients. It is also indicated in refractory status epilepticus and 
status asthmaticus.

Neuropathic pain is a disturbing condition resilient to the usual treatment 
regimens which call for special measures. Gabapentinoids are useful in the treat-
ment of neuropathic pain. Gabapentin and pregabalin are brought into play for the 
management of pain in conditions like multiple sclerosis, spinal cord injuries [40], 
and demyelinating polyradiculoneuropathies such as Guillain-Barré syndrome [41] 
by reducing the central sensitization and hyperalgesia developed in these situations. 
They are only available in the enteral formulation and are excreted unchanged in 
the urine, so their dosage needs to be adjusted for renal impairment. Finally, useful 
adjuvants are tricyclic antidepressants (TCAs) with amitriptyline being the main 
representative.

4. Conclusion

Pain is a common issue in critically ill patients and remains poorly assessed and 
treated, despite its detrimental effects. Recognition of pain among ICU patients, 
whether they are communicative or not, is essential and is based on the regular 
assessment of pain with the use of validated tools. Effective treatment relies on a mul-
timodal protocol-based analgesic strategy tailored to each patient that incorporates 
numerous pharmacologic agents.
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Chapter 2

Postoperative Analgesia
Denberu Eshetie Adane

Abstract

A failure to maintain adequate pain control is a substandard and unethical  
practice. Pain has disastrous effects in which poorly controlled acute postoperative pain 
is associated with increased morbidity and mortality, impaired quality of life, delayed 
recovery time, prolonged opioid usage, and higher healthcare costs. Inadequate 
knowledge about analgesia and pain management leads the healthcare profession to 
ineffective postoperative pain management. The main goal of postoperative anal-
gesia is to reduce or eliminate pain and discomfort with a minimum of side effects. 
Assessment of pain severity is vital before managing it. There are many analgesic 
options that can be used to manage acute and chronic postoperative pain. Recently, 
non-opioid analgesia methods are encouraged for acute postoperative pain control 
due to the side effect of opioids and the advancement of recent technologies for 
peripheral nerve block.

Keywords: postoperative pain, pain management, analgesia, postoperative analgesia, 
pain assessment scale

1. Introduction

Pain after surgery is a common phenomenon, especially in patients who underwent 
general anesthesia, around half of the patients experience moderate to severe acute 
pain [1, 2]. The immediate experience of pain may be associated with the patient’s 
attitude, belief, and their personality [3].

Appropriate postoperative analgesia administration is associated with lower 
cardiopulmonary complications, lower mortality and morbidity, reduced hospital 
costs, and increased patient satisfaction [4, 5]. Standardizing multimodal analgesia 
combined with enhanced recovery after surgery (ERAS) are considered a quality 
improvement initiative in healthcare [6]. The American Pain Society introduced pain 
as the fifth vital sign. A failure to maintain adequate pain control is a substandard and 
unethical practice. The World Health Organization and the International Association 
for the Study of Pain have recognized pain relief as a human right [7, 8].

Unmanaged or poorly managed acute pain can lead to complications and pro-
longed rehabilitation. Poorly managed postoperative is associated with the develop-
ment of chronic pain with a reduction in quality of life [9, 10].

Even though there are different modalities of pain management, the anesthesia 
type plays a great role in the decrement of postoperative pain scores. Regional anes-
thesia is more beneficial to control postoperative pain than general anesthesia [11]; 
from general anesthesia, a single controlled trial concluded that propofol anesthesia 
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has a better analgesia outcome compared with sevoflurane anesthesia after open 
gastrectomy procedure in the early postoperative period [12], but a meta-analysis 
study concluded that there is no significant difference between propofol and inhala-
tional anesthetics regarding postoperative pain, even though there was heterogeneity 
between the studies [13].

Pain management is one of the major components of ERAS protocol, and it is 
recommended that early and effective multimodal analgesia while decreasing opi-
oids improves postoperative complications for colorectal surgeries [14]. Regional 
anesthetic techniques are the most effective methods to treat postoperative pain. A 
meta-analysis study suggests that epidural analgesia can no longer be considered the 
“gold-standard,” and another RCT study also outweighs transversus abdominis plane 
(TAP) block combined with opioid-sparing analgesia for laparoscopic colorectal 
surgery, than epidural analgesia [15, 16].

2. Pain pathophysiology acute pain

Acute pain is caused due to a response to tissue injury; during surgery, there is 
tissue damage and injury of small nerve fibers. The afferent nociceptors, A-delta, 
and C-sensory fibers (A mechano-thermal and C-polymodal) are peripheral nerve 
endings that normally have a high threshold for pain sensation/activation. So, nox-
ious sensation produced by direct stimulation of A-delta and C-sensory fiber nerve 
endings and the inflammation due to a surgical incision will produce a peripheral 
sensitization enhancing the sensitivity of these nociceptors. Nociception follows 
four process: transduction, transmission, perception, and modulation [17]. From 
the damaged cells, mediators like substance P, prostaglandins, serotonin, histamine, 
bradykinins, and other mediators trigger the nociceptors (transduction) to send 
afferent impulses via the dorsal root ganglion to the spinal cord (transmission) [18]. 
Activation of substance P and other neurotransmitters carry the action potential to 
the dorsal horn of the spinal cord, from where it ascends the spinothalamic tract to 
the thalamus and the midbrain. From the thalamus, fibers send the nociceptive mes-
sage to the somatosensory cortex, parietal lobe, frontal lobe, and the limbic system, 
where the third nociceptive process perception occurs [17, 19]. Finally, activation of 
the midbrain will result in the release of counter neuroinhibitory neurotransmitters 
like endorphins, serotonin, enkephalin, and dynorphin which descend to the lower 
central nervous system. The activation of these neurotransmitters triggers the release 
of endogenous opioids. Both centrally and peripherally opioid receptors are synthe-
sized or upregulated in the sensory neurons. Binding of endogenous opioids to these 
receptors will reduce the excitability. From the periphery, immunocompetent cells 
seem to produce opioid peptides. Centrally, the opioid receptors will act as presynap-
tic receptors. In the dorsal horn, opioid peptides are released by the inter neurons, so 
the inhibition of pain transmission will occur (modulation) [20–22].

3. Pain assessment

Before an administration of analgesics, it is better to assess the pain to understand 
the severity of the pain. There are different options for pain assessment.
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3.1 Numeric rating scale (NRS)

It is the most popular pain assessment scale which is simple to use and widely 
used for research purposes, and the patient is ordered to indicate the number that is 
ordered from 0 to 10 which best reflects the intensity of their pain. 0 indicates no pain 
and 10 indicates the worst pain [23].

It is further categorized for the sake of intervention 0 = no pain, 1–3 mild pain, 4–6 
moderate pain, and 7–10 = severe pain. The numeric rating scale (NRS) can be admin-
istered verbally (therefore also by telephone) or graphically for self-completion.

3.2 Visual analog scale (VAS)

Visual analog scale (VAS) has a sensory component and is considered a reliable 
measurement of pain [24]. It is subjective and measured by using a ruler, and the 
score is determined by measuring the distance (mm) on the 10-cm line between the 
“no pain” and the patient’s mark, providing a range of scores from 0 to 100. As with 
the NRS, categories may be imposed on this (no pain 0–4 mm; mild pain 5–44 mm; 
moderate pain 45–74 mm; and severe pain 75–100 mm), but this is arbitrary and does 
not necessarily reflect patients’ meanings.

There are also other types of pain assessment tools such as Defense and Veterans 
Pain Rating Scale (DVPRS), adult Non-Verbal Pain Scale (NVPS), pain, assessment in 
Advanced Dementia Scale (PAINAD), Behavioral Pain Scale (BPS), Critical Care Pain 
Observation Tool (CPOT), and the rater can use the convenient method of assess-
ment and can categorize the pain intensity as mild, moderate, and severe for the sake 
of analgesia administration.

4. WHO analgesic ladder

The WHO analgesic ladder was primarily proposed for cancer pain and other 
chronic pain management, but it can be applied for postoperative pain management 
too. Analgesia administration is based on the severity of the pain from mild to severe 
pain, but the revised 2021 WHO analgesic ladder includes invasive and minimally 
invasive treatments for patients with no pain relief/persistent pain despite managing 
with strong opioids. The invasive or minimally invasive procedures include epidural 
analgesia, intrathecal administration of analgesic and local anesthetic drugs with or 
without pumps, neurosurgical procedures (e.g. lumbar percutaneous adhesiolysis and 
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cordotomy), neuromodulation strategies (e.g. brain stimulators and spinal cord stimu-
lation), nerve blocks, ablative procedures (e.g. alcoholization, radiofrequency, micro-
wave, cryoablation ablations, laser-induced thermotherapy, irreversible electroporation 
and electrochemotherapy), cementoplasty, and palliation radiotherapy [25] (Figure 1).

5. Postoperative analgesia/postoperative pain management

Postoperative analgesia administration is depending on the severity of the pain, 
and it is a wastage and disastrous to administer strong opioids for mild pain and is 
wrong and unethical to not to manage pain while the patients are crying due to severe 
pain. Pain management after having surgery depends on many factors such as type of 
surgery, site of surgery severity of the pain, the impact of the pain on the life quality, 
the medical status of the patient, and the intake of other medications [8, 24, 26].

When we describe postoperative analgesia, primitive analgesia will be remem-
bered. Primitive analgesia is a treatment that prevents the establishment of altered 
sensory processing that amplifies postoperative pain. The effective preemptive anal-
gesic technique requires a multimodal approach of nociceptive input, increasing the 
threshold for nociception and decreasing nociceptor receptor activation. Primitive 
analgesics are safe and effective and have superior pain control with a decreased VAS 
score of pain [27].

5.1 Multimodal analgesia

Multimodal analgesia was developed for the management of postoperative pain, 
and the concept is clear and reasonable. It is an administration of two or more drugs 
that have a different mechanism of action that maximizes pain control and minimizes 
the side effects of a single drug [28]. Opioids, acetaminophen, nonsteroidal anti-
inflammatory drugs (NSAIDs), local anesthetics, regional anesthesia, peripheral 
nerve block (PNB), local/wound site infiltration, N-methyl-d-aspartate receptor 
antagonists, anticonvulsants, alpha 2 agonists, etc., are commonly used multimodal 
analgesia drugs/techniques [29–32].

Figure 1. 
Transition from the original three-step WHO analgesic ladder (A) to the revised four-step form [25].
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MMA generally involves optimizing non-opioid pharmacologic and nonpharma-
cologic interventions and reserving opioid use to treat breakthrough pain. A review of 
articles regarding MMA generalizes the implementation of MMA that should involve 
different stakeholders. The article concluded that health system benefits can also 
be realized from the implementation of an effective MMA, as fewer opioid-related 
side effects can improve patient recovery and lead to faster discharge and improved 
utilization of resources [33].

5.2 Lidocaine infusion

Lidocaine is an amide local anesthetic agent which can be used for various pain 
management techniques; beyond this, it can be used for cardiac arrhythmia man-
agement. Infiltration of lidocaine is commonly known; but apart from infiltration, 
continuous perioperative lidocaine infusion has a clear advantage in patients undergo-
ing abdominal surgery, provides significant pain relief, reduces postoperative opioid 
consumption, decreases opioid-induced side effects including postoperative nausea 
and vomiting, and promotes the faster return of bowel function, which decreases the 
length of hospital stay [34].

Lidocaine has a potent anti-inflammatory effect which is more potent than other 
known anti-inflammatory drugs and decreases circulating inflammatory cytokines. 
Lidocaine infusion is also used to treat chronic pain neuropathic pain by relieving the 
mechanical effect of allodynia and hyperalgesia, and it found to relieve pain caused 
by diabetic neuropathy [35, 36].

To achieve steady-state concentrations of 3 mg/mL, an infusion rate of 30 mg/kg/
minute or 1.8 mg/kg/hour would be required. The weight-based lidocaine regimens 
used in the studies reviewed, which ranged from 1.33 to 3 mg/kg/hour, should have 
achieved adequate plasma concentrations in the range of 2–5 mg/ml. The optimum 
dose, timing, and duration of infusion of lidocaine also need to be established [34, 37].

5.3 Acetaminophen/Paracetamol

Paracetamol is a commonly used postoperative analgesic that can decrease opioid 
consumption by 20–30%. Its mechanism of action is not well known but believed 
that it may act through cyclooxygenase inhibition, serotonergic activation, and/
or cannabinoid pathways, and it can easily cross the blood-brain barrier [38]. For 
postoperative pain management, it can be applied and effective for mild to moderate 
pain either combined with other analgesic techniques or alone. A systematic review 
and meta-analysis showed that an administration of prophylactic intravenous (IV) 
acetaminophen reduces postoperative nausea and vomiting through its direct effect of 
reduction in postsurgical pain but not due to decrement in opioid consumption [39].

Both oral and intravenous (IV) prophylactic acetaminophen before the surgical 
incision were found to be equally efficacious, and no superiority was found in the 
IV acetaminophen regarding immediate postoperative pain, postoperative nausea, 
vomiting reduction, and length of hospital stay according to a randomized placebo-
controlled trial study [40]. A single dose of paracetamol is also effective to treat pain 
for about 50 % of patients for the first 4 hours with minimal side effects, but the use 
of postoperative IV acetaminophen does not affect the reduction of hypoxemia over 
48 hours [41, 42].

The therapeutic window of acetaminophen is low, so administration beyond 4 g 
in a single day for a fit adult is not recommended, and a small amount of paracetamol 
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overdose can result in liver damage. A single dose of 40–60 mg/kg rectal paracetamol 
is safe for children [43].

5.4 Nonsteroidal anti-inflammatory drugs (NSAIDs)

According to a review, NSAIDs have been shown to increase patient satisfaction, 
decrease opioid requirements, and decrease opioid-induced side effects. They have no 
increased incidence of adverse effects during the acute postoperative period. NSAIDs 
and COX-2 inhibitors, however, should use cautiously for colorectal surgical patients, 
and they were found to cause an anastomotic leak [44].

5.5 Regional analgesia/anesthesia

Regional anesthesia is a technique with an administration of a local anesthetic 
agent with or without adjuvants near the nerve roots so that the patient can get better 
analgesia. It includes both epidural and intrathecal analgesia/anesthesia and can be 
applied as a single injection or continuous catheter technique, and the latter is more 
advantageous than a single injection, because the analgesic agent can be added when 
the patients complain pain [45].

A level 1 evidence study showed that regional blocks have improved analgesia at 
rest and reduced incidence of postoperative ileus, pulmonary complications, surgical 
stress response, negative nitrogen balance, and other analgesic requirements [11]. 
Beyond analgesic purpose, malignant surgical procedures which underwent regional 
anesthesia are proposed to lower the recurrence of cancer after surgery compared 
with general anesthesia and opioid analgesia, and they are also used as a preventive 
measure for deep venous thrombosis [46, 47].

A meta-analysis of 141 RCTs where most of them were after major orthopedic 
surgery concluded that neuraxia blockade reduces the risk of deep venous thrombosis 
by 44%, pulmonary embolism by 55%, blood transfusion requirements by 50%, 
pneumonia by 39%, respiratory depression by 59%, and myocardial infarction by 
30%. The mortality rate with a single dose of neuraxia also decreased by 30% [48].

5.6 Peripheral nerve blocks

Peripheral nerve blocks (PNBs) are a type of regional anesthesia. The local anes-
thetic is injected near a specific nerve or bundle of nerves that can block sensations of 
pain from a specific area of the body. PNBs usually last longer than local infiltration 
anesthesia. They are most commonly practiced for surgery on the arms and hands, 
the legs and feet, or the face. Beyond upper and lower extremity blocks, abdominal 
field/truncal blocks can be performed solely or as a part of multimodal analgesia 
[49, 50]. Peripheral nerve blocks are practiced with blind landmark technique, using 
a nerve stimulator, or ultrasound-guided technique either a single injection or con-
tinuous using a catheter. Technological advances, such as real-time ultrasonography, 
allow more accurate identification of plexuses and peripheral nerves, resulting in the 
improvement of block success [51, 52].

A meta-analysis of RCTs to determine the analgesic efficacy of postoperative 
peripheral catheter analgesia is compared with opioid-based analgesia. Catheter-
based analgesia provided a statistically and clinically superior postoperative pain 
control compared with opioids with decreased side effects [53].
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Although PNBs are overall safe when performed correctly, there are rare but serious 
risks associated with them. Risks include block failure, bleeding, infection, damage to 
surrounding structures, transient/permanent nerve injury, inadvertent intravascular 
injury, and intravascular uptake of local anesthetic resulting in systemic toxicity.

5.7 Wound site infiltration

Wound site infiltration has a good option for postoperative pain management as part 
of multimodal analgesia, and it has comparable result with ultrasound-guided trans-
versus abdominis plane block for lower abdominal surgeries [54]. A systematic review 
regarding wound infiltration analgesia showed that it has better pain relief if it is used 
correctly, and in adequate doses, wound infiltration analgesia can be used in a multi-
modal analgesic regime without major complications, with low cost in a single injection 
[55, 56].

5.8 Miscellaneous

Other drugs and techniques are also used to treat postoperative pain regarding the 
severity of pain. Antidepressants, anticonvulsants, NMDA receptor blockers, alpha 2 
agonists, corticosteroids, cannabinoids, GABA agonists, neuroimmunomodulators, 
etc., can be used to treat pain majorly as an adjuvant but can also use as a primary 
treatment for a specific type of pain [57].

Alpha 2 agonists (dexmedetomidine and clonidine): they were found to reduce 
postoperative opioid consumption and increase the duration of nerve block, but they 
cause hemodynamic instability (hypotension) and sedation [58, 59].

Dexamethasone: it is associated with a decrease in pain scores during mobilization 
postoperatively. As part of multimodal analgesia, high-dose dexamethasone (more 
than 0.2 mg/kg) was found to have an opioid-sparing effect. It has also been shown to 
delay the time to first postoperative analgesic intake when used in conjunction with 
peripheral nerve blocks [60, 61].

Ketamine: it is NMDA receptor blocker that decreases postoperative opioid con-
sumption at 24 and 48 hr. Along with decreasing pain intensity, it reduces opioid 
consumption by decreasing central excitability and possibly modulates opioid receptors. 
It is also effective when used as a sole agent, or in conjunction with opioids, NSAIDs, 
and paracetamol; surprisingly, it has the potential to decrease pain scores from weeks to 
months [29, 62, 63].

Ketamine was found beneficial for painful procedures, including, upper abdomi-
nal, thoracic, and major orthopedic surgeries. Its analgesic effect was independent of 
the type of intraoperative opioid administered, timing of ketamine administration, 
and its dosage of administration [64].

5.9 Non-opioid analgesia

Non-opioid analgesics play an important role in treating postoperative pain as 
monotherapy or combined with weak/strong opioids. Non-opioid analgesics are 
usually indicated to treat mild to moderate pain with fewer side effects compared 
with opioids because opioids have many deleterious effects. But peripheral nerve 
blocks and regional blocks can be considered as non-opioid analgesics and can be 
used to treat severe pain. Short-term effects seen in the perioperative period include 
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postoperative nausea and vomiting, and gastrointestinal dysfunctions like ileus, 
pruritus, urinary retention, somnolence, and respiratory depression [43, 65].

5.10 Nonpharmacological

During the postoperative period, nonpharmacologic methods of pain management 
can increase the effect of analgesics. They can be applied when there is no availability 
of analgesics and when the analgesic drugs are perceived to cause deleterious effects. 
Exercise, aromatherapy, therapeutic touch, positioning, music, reflexology, hypnosis, 
acupuncture, acupressure, transcutaneous electrical nerve stimulation (TENS), 
prayer, relaxation hot application, cold application, meditation, imagination, bio-
feedback, distraction, massage, etc. [66].

6. Conclusion

Due to inadequate pain management having deleterious effects, optimal and 
multidisciplinary pain management protocol is recommended, especially to accom-
plish fast recovery after surgery. Recently, there are many choices for pain manage-
ment that are used to decrease the side effects of opioids. Even though there are many 
options, the management of pain should be based on the pain severity.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative 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. 
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Abstract

Pain is one of the most common complaints and yet one of the most neglected 
aspects of management in the emergency department. Optimal pain management 
is a nuanced skill which focusses on reduction of pain to an acceptable level to allow 
for safe discharge and return to normal activities, in addition to improving patient 
satisfaction and comfort during their stay in hospital. Adequate analgesia also 
improves physiological parameters such as heart rate and blood pressure. The aim is 
improving rather than eradication of pain altogether while maintaining an acceptable 
level of adverse effects. This chapter will discuss assessment of pain in the emergency 
department along with various modalities of pain management with specific focus 
on newer modalities including ultrasound guided regional nerve blocks. Ultrasound 
guided nerve blocks are associated with better analgesia and have fewer chances of 
drug related adverse events, especially in older patients and those with comorbidities 
where large doses of systemic medications are associated with a significant risk of 
adverse effects.

Keywords: pain management, emergency department, pain score, nerve blocks,  
USG guided

1. Introduction

Pain is one of the most common complaint of patients presenting to the 
Emergency Department (ED), with the frequency of severe pain reported anywhere 
between 20% and 40% worldwide [1]. Regardless, pain management in ED is often 
delayed due to overcrowded emergency rooms (ER) [2, 3] or poorly treated (oligo-
analgesia) due to improper analgesic dosing [4–6]. Pain management in the ED 
can be used as an indicator of quality care [7–11]. Studies have shown that patients 
want to be treated for their pain in less than half an hour, yet the normal duration 
of treatment is at least 78 minutes [12]. The primary goal of acute pain manage-
ment is not complete relief from pain, but reduced pain to an acceptable level that 
will allow for safe discharge by returning to daily patient activities in addition to 
improving patient comfort while in hospital. Uncontrolled pain can contribute 
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to the development of comorbidities such as depression, high blood pressure, 
and immune system deficiency [13]. The type of treatment should be chosen and 
managed in such a way that with the reduction of pain in the patient, the analgesia 
method should have as few side effects as possible. The most widely used analgesics, 
both in ED and during discharge are acetaminophen (alone or in combination with 
hydrocodone), ketorolac, and ibuprofen [14]. Neuraxial analgesia is increasingly 
becoming an integral part of emergency management of various clinical situations 
and emerging emergency physicians need behavioral training. As a practice, they 
provide better long-term analgesia with reduced side effects at the hands of trained 
emergency care physicians.

2. Pain assessment

The intensity of the patient’s pain is not always obvious. Facial expressions and 
behavior may give some clues but they are unreliable. Number of dosages or tools 
available to patients to indicate the severity of their pain, response to analgesic agents, 
or both. Using a pain screening tool directs the selection of analgesic agents and 
provides an indication of the patient’s pain response.

2.1 Verbal descriptor scale

These are quick and easily implemented and particularly appropriate for older 
patients. In descriptive scales, we simply ask the patient to estimate their pain [15]. 
Choose from (Figure 1).

2.2 Numerical and combined rating scales

They offer a wide range of choices and avoid vague descriptive words. They need 
more concentration and communication. Good visual acuity is required for the visual 
analogue scale [18]. These include:

a. Visual analog scales

b. Verbal numerical rating scale

c. Combined verbal and numerical rating scales

2.2.1 Visual analog scales

The visual dimensions of the analogue are 100 mm lines with verbal anchors. 
Patients may be asked to mark their pain or relief of pain in a horizontal line depend-
ing on how severe or how much relief occurs in treatment (Figures 2 and 3).

Figure 1. 
Verbal descriptor scale. From references [16, 17].
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2.2.2 Verbal numerical rating scale

Patients should score their pain scores on a scale from 0 to 10, where 0 is painless 
and 10 is the most severe pain imaginable (Figure 4).

2.2.3 Combined verbal and numerical scale

Patients have further descriptive meanings in addition to numerical points to 
guide them in calculating pain (Figure 5).

One of the most commonly used standardized pain measurements is the Defense and 
Veterans Pain Rating Scale (DVPRS) (Figure 6) which has been validated in a variety of 
hospital and patient settings and is one of the most commonly used pain measurements 
in emergency departments. Uses improved numerical range of active word dictionaries, 
color coding, and graphic facial expressions matched by pain levels [16].

3. Principles of pain management

There are a number of pain management principles to keep in mind when choos-
ing an analgesic agent. The WHO Analgesic Ladder has been the most frequently cited 
topic for decades and has five themes that guide our choices [19].

a. Oral administration is preferred whenever possible

b. Analgesics should be given regularly enough to maintain pain control

c. Agents should be selected based on the magnitude of the reported pain

Figure 2. 
Visual analogue scale for pain assessment.

Figure 3. 
Visual analogue scale for analgesia testing.

Figure 4. 
Verbal numerical rating scale.
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d. The dose of agents should be appropriate for the patient

e. Patients should be given clear instructions on how/when to take their medication.

4. Common analgesics used in ED

Non-opioid analgesics include acetaminophen, non-steroidal anti-inflammatory 
drugs (NSAIDs), and cyclooxygenase 2 (COX-2) inhibitors. NSAIDs and COX 2 
inhibitors have anti-inflammatory properties.

4.1 Acetaminophen

Acetaminophen is usually a first-line agent in ED for minor pain. This is due to the 
effective treatment of low grade pain and the little side effects that come with it. Its 
mechanism of action is inhibition of prostaglandin endoperoxide H2 synthase and 
cyclooxygenase activity [20]. Its central antipyretic effect is widely used when fever 

Figure 6. 
DVPRS Defense and veteran pain rating scale.

Figure 5. 
Verbal and numerical measurements.
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needs to be reduced. Unlike NSAIDs, Acetaminophen does not fight inflammation 
and therefore its use is limited to non-inflammatory conditions only. Studies have 
shown that injected acetaminophen can have similar analgesic effects to injectable 
NSAIDs in ED, as well as morphine in other painful processes [21–24]. It has also been 
shown that the addition of paracetamol to NSAIDs increases the effect of analgesia 
compared with NSAID use alone [25].

4.2 NSAIDs

NSAIDs reduce pain by preventing prostaglandin synthesis involved in both acute 
and chronic painful conditions [26]. The synergistic combination of 400 mg ibupro-
fen and 1000 mg paracetamol (acetaminophen) is an early example of moderate anal-
gesia and has long been considered the first analgesic drug for mild to moderate pain 
[27, 28]. The reduction in pain by this compound has analgesic activity almost similar 
with oral opioid compounds (oxycodone/hydrocodone-acetaminophen) used in the 
treatment of acute musculoskeletal pain [29]. NSAIDs are best for inflammatory pain 
associated with prostaglandins such as renal colic and menstrual pain [30]. Lack of 
respiratory depression, lack of dependence, and long-term relief effect are some of 
the most important benefits of NSAIDs compared to injectable opioids. The main 
side effects of NSAIDs include intestinal obstruction, kidney failure, platelet obstruc-
tion, cardiovascular effects and anaphylaxis. Kidney failure is caused by decreased 
prostaglandin production, which contributes to afferent glomerular arteriole vaso-
dilation. NSAIDs contribute to arteriolar vasoconstriction, leading to a decrease in 
renal pressure and a decrease in glomerular filtration levels [31]. This is made worse 
by dehydration. The most common side effect of NSAIDs is gastrointestinal injury, 
such as bleeding or dyspepsia and gastric ulcer. Patients at high risk for peptic ulcer 
or its complications, such as the elderly, those with bleeding diathesis, or patients 
taking glucocorticoids, have objections related to NSAID use. In addition, it has also 
been shown that certain COX 2 inhibitors may promote heart failure associated with 
kidney function by causing sodium retention. There is no guaranteed efficacy of one 
type of NSAID over another, including administration route [32–34].

4.3 Ketamine

For decades, ketamine has been used in the ED for procedural sedation but is now 
gaining attention as a potential alternative to opioids because of its unique analgesic 
effect. It is an effective N-methyl-d-aspartate (NMDA) receptor antagonist that 
provides safe and effective analgesia in subdissociative doses 0.1–0.3 mg/kg IV or 
less while maintaining respiratory and cardiopulmonary stability in an emergency 
[35, 36]. Side effects of ketamine include nausea, stomach upset, tremors, dizziness, 
and nystagmus (detected immediately after onset of action) [36]. These effects are 
increasingly evident among older patients where sub-dissociative doses should be 
used with caution. Infusing ketamine over 15 min (as opposed to IV push) reduces 
these side effects. Co-administration of prophylactic ondansetron and midazolam 
may be used to treat post-ketamine nausea and the onset of consecutive reactions [37].

4.4 Opioid medications

Opioids have been the gold standard for pain management in cancer patients for a 
long time. Its use has now been increased nearly 10 times in patients without cancer as 
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well. They work on one of the three main opioid receptor systems (mu, kappa, delta). 
They can have analgesic and depressant effects on the central nervous system (CNS). 
Most opioids used in the clinic target μ-opioid (mu) receptors. These receptors 
mediate analgesia as well as common side effects such as nausea, constipation, and 
respiratory depression. Within the gastrointestinal system, opioids cause constipation 
[32]. However, Opioid prescription in ED serves as major factor for long term opioid 
usage and hence limiting its use. In 2019, an average of 38 people died each day from 
overdoses involving prescription opioids, totaling more than 14,000 deaths [38]. 
While prescription opioids were involved in over 28% of all opioid overdose deaths in 
2019, there was a nearly 7% decrease in prescription opioid-involved death rates from 
2018 to 2019 [39].

4.4.1 Morphine

It is one of the most widely used opioids in ED. Side effects ranges from 
 hypotension, pruritus, nausea, vomiting, and respiratory depression. Respiratory 
depression is caused by medullary desensitization of carbon dioxide, with opioids 
binding to mu receptors. Cardiovascular effects are mediated directly through the 
sinoatrial node. A person should start with a recommended dose of 0.1 mg/kg if side 
effects are severe; However, rebolus with same dose can be given if the pain is not 
relieved in next 5–15 minutes. The study also found that obese patients do not need 
extra morphine and that, indeed, weight-based dosage is not really necessary [40, 41]. 
Widely used for dyspnea, especially in cancer patients and palliative care, nebulized 
morphine has also been found to be effective in cases of severe pain and difficult IV 
access (e.g., critical lung disease in sickle cell patients) [42].

4.4.2 Fentanyl

Fentanyl is 100 times more potent than morphine which allows for faster onset 
and shorter duration if needed in order to reduce titration faster in chronic severe 
pain compared to traditional analgesics. Its initial duration is 1–2 minutes and usually 
lasts about 30 minutes [20]. The initial IV dose is 1.5 μg/kg, and has the advantage 
of a short half-life. Fentanyl causes a slight release of histamine, making it ideal for 
patients with high blood pressure. It can also be given orally as a lollipop or intra-
nasal or by nebulisation. Compared with morphine and hydromorphone, which is 
converted by the liver to active metabolites that require renal clearance, fentanyl is 
digested by the liver into inactive metabolites that are safer in patients with renal 
failure [43].

4.4.3 Tramadol

Tramadol is partial mu-opioid receptor agonist that doubles as a serotonin and 
norepinephrine reuptake inhibitor (SNRI) [44]. The analgesic effect showed that it 
was less than a combination of 500 mg acetaminophen and 5 mg hydrocodone for 
severe muscle and bone pain [45], no more than 1 mg/kg IV diclofenac for extrem-
ity injury limit [46], and no more than 5–10 mg IV morphine for organ pain [47]. 
Tramadol abuse has been shown to be a major component of ED visits [48]. It can 
cause nausea, tachycardia, convulsions, confusion, high blood pressure, hypoglyce-
mia, and low consciousness [49].
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5. Peripheral nerves

Peripheral nerve blocks prevent the need for process sedation and provide 
adequate anesthesia during painful procedures. This procedure can be performed in 
the emergency department with the help of ultrasound imaging to identify targeted 
sensors [50]. The ability to manage peripheral nerve blocks in ED has the potential to 
provide faster and more accurate analgesia with less systemic side effects compared to 
parent drugs. The effectiveness and duration of block time depends on the pharma-
cology of the analgesic/anesthetic agent used, dosage, and concentration. In periph-
eral nerve block, the purpose is to place a local anesthetic near the nerve because of 
which there is always a growing chance of nerve damage. However, most neurological 
injuries are temporary, with most patients recovering within 3 weeks. Ultrasound 
and nerve stimulator techniques have been shown to reduce complications from 
peripheral nerve blocks. Prior to the decision to perform a peripheral nerve block, a 
careful medical history should be obtained including allergies, anticoagulants use, 
pre-existing nerve damage, active site-specific diseases, and the ability to cooperate 
with procedures.

5.1 Femoral nerve block

Commonly used to anesthetize the hip, front thigh and knee. The femoral nerves 
exit the lumbar plexus and the subjects near the psoas muscle, before passing down 
the lateral inguinal muscle to the femoral artery within the femoral triangle. The fas-
cia iliaca lies deep in the fascia lata, and separates the femoral nerve from the femoral 
artery [51, 52]. The patient is placed in supine position with the affected extremity in 
abduction and external rotation, as tolerated. The high-frequency linear probe is used 
to visualize the femoral nerve and artery by placing the probe in the inguinal crease, 
corresponding to the inguinal muscle, and the probe mark to the right of the patient 
(Figure 7). The nerve is hyperechoic, usually oval or triangular shape, and is located 
approximately 2–6 cm below the skin. Using a sterile method, insert a long needle 
into the plane at the edges of the probe, directing the space behind the sensor. One 
will often feel “the give away feel” as the tip of the needle exceeds the resistance of the 
iliac fascia. Once the tip of the needle is positioned, inject 1–2 mL of local anesthetic 
to ensure the placement of the tip of needle. Proper placement is confirmed by seeing 
a local anesthetic around the nerve, which improves its visibility on the ultrasound 
monitor. Once the correct placement has been confirmed, 10–20 ml of the selected 
anesthetic is injected. It may take 10–20 minutes to work [52, 53].

5.2 Fascia iliaca block

This block was originally used for hip and knee surgery and analgesia following 
hip or knee procedures is increasingly being used as part of pain management for 
fractures including hip and femoral neck and shaft fractures. In this process the 
femoral artery is first visualized by placing the transducer opposite to the inguinal 
crease, followed by a gradual lateral or medial movement. Tilt the probe to detect the 
hyperechoic fascia iliaca on the surface of the hypoechoic iliopsoas muscle. Medially, 
the femoral nerve appears deep in the fascia and lateral to artery. Laterally, the sarto-
rius muscle is identified by its normal triangular shape when pressed by a transducer. 
The tip of the needle is placed under the fascia iliaca about one-third of the posterior 
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line connecting the anterior iliac spine to the pubic tubercle (injection is performed 
several inches along the femoral artery). As the needle eventually pierces the fascia, 
one may feel loss of resistance, and the fascia may appear to “repeat” backwards in the 
US image. After negative aspirations, 1–2 mL of local anesthetic is injected to ensure 
proper injection plane between the fascia and iliopsoas muscle. A relatively large 
dose (20–40 mL) of local anesthesia is injected until it is spread along the iliac spine 
and femoral vein. Proper injection will result in splitting the fascia iliaca with a local 
anesthetic in the center from the injection site.

5.3 PENG block

Latest literature has described the nerve supply of the anterior capsule of the hip 
joint as the obturator nerve, accessory obturator nerve, and femoral nerve. These 
studies also examined the relationship between these nerves and other symptoms of 
soft or soft tissue that are detected by ultrasound guidance [54]. Studies have shown 
histologically that the anterior capsule has multiple nociceptive fibers, while the 
posterior capsule is primarily composed of mechanoreceptors [55]. The pericapsular 
nerve group (PENG) block is introduced to direct and block these articular branches 
that provide stability within the hip. This regional anesthetic was described in 2018 by 
Giron-Arango et al. [56]. In this case, the ultrasound probe is placed in a flexible plane 
over the anterior iliac crest (AIIS) and proceeds upwards to visualize the pubic ramus. 
The femoral artery and ilio-pubic eminence (IPE) are then visualized. Using in plane 
procedure the needle was developed from side to side, and 20–25 ml local anesthetic 
of 0.5% ropivacaine was inserted between the psoas tendon in the front and the pubic 
ramus in the back. As this blocks the accessory obturator nerve, theoretically provides 
better analgesia compared to the fascia iliaca block.

Figure 7. 
Femoral nerve block.



31

Pain Management in the Emergency Department – Newer Modalities and Current Perspective
DOI: http://dx.doi.org/10.5772/intechopen.105952

5.4 Brachial plexus block

It is used to help reduce fractures of the upper extremities and even reduce shoulder 
dislocations. There are two basic methods of Brachial plexus block - Interscalene and 
Supraclavicular. The Interscalene block is not used for the procedure below the elbow.

5.4.1 Interscalene block

The patient is placed on the supine, with the head turned away from the affected 
side. The probe is placed almost in the middle of the neck, in line with the clavicle. 
After identifying the common carotid artery and internal jugular vein, the probe 
slides sideways to detect the frontal and medial scalene muscles. The roots of the 
brachial plexus emerge between these two muscles as three different nerve bonds in 
this area. Next, aspiration is performed to rule out the vascular perforation, and the 
placement is confirmed by the anesthetic injection. Depending on the agent used, the 
local anesthetic dose can be 15–45 ml.

5.4.2 Supraclavicular block

The patient is placed supine and the head is turned away from the side of interest. 
The probe is placed at the base of the neck in the supraclavicular groove, which cor-
responds to the clavicle. The subclavian artery is identified and lateral to subclavian 
hypoechoic trunks of the brachial plexus can be seen. The 27 gauge needle is then 
used to inject into the skin with 1–2 ml of local anesthetic just along the canal. The 
block needle, 22-gauge, is then advanced in a plane toward the brachial plexus from 
laterally to medially.

Sometimes a person may experience “the give away feeling” when the brachial 
sheath is inserted. The person then wishes to confirm intravenous infusion and inject 
1–2 ml of anesthetic to check the brachial plexus. Next, about 20–25 ml of anesthesia 
is injected, until a sufficient spread around the brachial plexus appears. Proximity of 
the artery and pleura carries a real risk of injury to these vital structures.

5.5 Erector spinae plane block (ESPB)

Pancreatitis is the most common gastrointestinal complaint that needs to be 
admitted to the emergency department (ED). The most common complaint of 
pancreatitis is severe abdominal pain. The T7 vertebrae is identified by counting from 
C7, the most prominent cervical vertebrae. Place the linear probe on the parasagit-
tal plane, 3 cm lateral to T7 vertebral level to see the dynamic process. The erector 
spinae fascia appears just next to the flexible process. The needle is inserted between 
the flexible process and the erector spinae fascia and approximately 30 ml of local 
anesthetic is injected [57]. ESPB may be used for rib fractures, lumbar fractures, post 
herpetic neuralgia, back pain and renal colic (Figure 8) [58].

5.5.1 Injuries to the chest wall and nerve blocks

Broken ribs are common not only in patients with chest injuries but also common 
in patients with polytrauma. It is the cause of significant illness and death in such 
patients and adequate analgesia is very important in improving impaired ventilatory 
function, preventing atelectasis, and reducing the need for mechanical ventilation 
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and associated diseases, in addition to improving patient outcomes and patient 
comfort. Opioids which are the mainstay of treatment in such patients have a variety 
of side effects including respiratory depression, coughing, and delirium. Nerve blocks 
develop into a critical component of emergency management of such injuries leading 
to better patient outcomes and patient satisfaction with analgesia. The Erector spinae 
block has already been shown to be effective in terms of analgesia for fractures of 
the posterior ribs and fractures of transverse processes of the vertebrae as shown by 
previous studies involving authors in this book [59].

5.6 Serratus anterior plane block

Serratus anterior plane block is increasingly becoming part of the clinical practice 
of treating patients with multiple rib fractures in the ED. Its efficacy, easy procedure 
and single-injection method in supine position with limited side effect has made it 
more popular in polytrauma patients with rib fractures. In a study published by the 
authors [60], a method within the serratus anterior plane block was used. In this 
case, the probe was placed in the sagittal plane, and the 5th rib in the medial axillary 
line appeared first. The Latissimus dorsi and the serratus anterior muscles are identi-
fied by over 5th ribs. The plane between the two muscles was further confirmed by 
identifying thoraco dorsal vein using color doppler. A small induration is made in the 
area marked with the injection of 1% lignocaine and adrenaline. A gap of 3–5 min is 
allowed to confirm the onset of skin anesthesia after which bupivacaine (0.5% at a 
dose of 1 mg/kg body weight and diluted with an equal volume of NS to make a solu-
tion of 0.25% while not exceeding the total volume 40 ml) injection using a 50 mm 
18 g catheter needle using in plane method from superior anterior to posterior inferior 
for proper absorption. Once the plane between the serratus anterior and the latissi-
mus dorsi is reached (Figure 7), rule out any vascular injury. Initially, 2–3 ml of LA is 

Figure 8. 
Erector spinae block.
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injected to confirm hydro dissection between the latissimus dorsi and serratus muscle 
visible on ultrasound. The remaining solution is given gradually under continuous 
ultrasound guidance (Figure 9).

5.7 Pecs block

Both pecs I and Pec II block are widely used for fractures of the anterior ribs in 
patients with chest trauma. In pecs I nerve block, the plane between the major and 
minor pectoralis is hydrodissected to block the private and middle cutaneous nerves.

Pecs I nerve block involves the hydro separation of the plane between the pectoral 
muscles with local anesthetic to the lateral and the medial pectoral nerves. First, the 
major and minor pectoralis and pectoral branch of the thoraco-acromial artery are 
detected using ultrasound guidance. The lower border of the probe is rotated slightly 
to the side to visualize the pectoral branch of the thoraco-acromial artery and using 
the local anesthetic method is injected after initial confirmation using hydro-dissec-
tion of the space between the two pectoral muscles.

In the Pecs II nerve block, infiltrate the two fascial segments (pectoral and clavi-
pectoral) by separating the local anesthetic volume between the pectoral nerves (pec-
toral fascia and clavipectoral fascia) and below the pectoralis minor muscle (middle) 
of the clavipectoral fascia and outer border. Serratus muscles). In the patient’s supine 
position, the first injection is made in the form of pecs I block and the second is made 
in the anterior axillary line at a depth of 3-6 cm between the pectoralis minor and the 
anterior serratus muscle. In this block place the transducer is first in the midclavicular 
line and it is infero-laterally angle to identify the axillary vein, artery and second 
rib. The transducer is then moved sideways until the pectoralis minor and serratus 
anterior are visible. With continuous lateral movements, the third and fourth ribs 
appear. The local anesthetic is injected into two points: The first injection is usually 

Figure 9. 
Serratus anterior plane block. SA serratus anterior, LD latissimus dorsi.
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made between the pectoralis major and pectoralis minor, and the second injection is 
made between the pectoralis minor muscles and the anterior serratus.

5.8 Adverse effects of nerve block

Although ultrasound guided nerve blocks have no side effects especially when per-
formed by trained doctors, there are rare cases of traumatic events involving a vessel 
or temporary sensory injury that lead to sensory or motor impairment and infection 
at the injection site. In particular, Local Anesthetic Systemic Toxicity (LAST) is one of 
the complication that an emergency physician should pay attention to. It is a serious 
life-threatening event with incidence rate of approximately 0.04 [61]. While the 
LAST presentation is multifactorial, the most prominent neurological presentation 
[62] includes sensory and visual changes, decreased muscle function, and fainting. 
However, approximately one-fifth of all cases are characterized by cardiovascular 
manifestations including motor impairment, myocardial dysfunction, and decreased 
peripheral vascular tone. Prevention is the key to reducing the frequency and inten-
sity of LAST. These include the use of ultrasound-guided blocks, reduction of the 
anesthetic dose, selective anesthesia with high levels of CC/CNS side effects (heart 
failure and central nervous system) [63] including ropivacaine and levobupivacaine, 
to avoid high-risk patients like patients with advanced age, kidney disease or those 
with mild heart disease.

6. Conclusion

In conclusion, although new pain management techniques are widely used by 
emergency physicians to improve patient outcomes both during their emergency stay 
and during their hospital stay, there are clinical settings where they should still be 
used but are not explicitly specified. Although neuraxial analgesia using ultrasound 
guided nerve blocks has been shown to be simpler and easier to perform by trained 
emergency physicians and provide better and more lasting analgesia, a good pain 
management protocol with specific step-by-step guidelines is not available in most 
emergency departments unlike other diseases. Future policy guidelines should 
address this aspect of emergency management.
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Abstract

Pain is inherent to trauma and surgery, either by direct tissue trauma or by the 
activation of a surgical stress response characterized by endocrine, metabolic, and 
immunologic responses. Most pain from trauma and surgery is nociceptive in nature, 
but patients may also experience inflammatory and neuropathic pain. Therefore, 
it is necessary to consider the clinical context, patient factors, the type of trauma 
injury and surgery, the extent and degree of tissue involvement, and the severity of 
the response when deciding on pain management choices. In the past, surgery was 
approached mostly in an open fashion and led to a greater stress response and pain. 
Over the last 30 years, the minimally invasive approach with laparoscopic and robotic 
surgery has improved the experience of patients with regard to peri-operative pain. 
In addition, the advent of enhanced recovery protocols have sought to minimize this 
surgical stress response through targeting of pain control and pain management 
regimens. This chapter will focus on enhanced recovery after surgery protocols and 
multimodal pain regimens and will consider trauma and cancer patients as examples 
of surgical patients who benefit from this type of approach.

Keywords: enhanced recovery after surgery, multimodal pain management, 
post-operative pain, surgical stress response, trauma, cancer

1. Introduction

Trauma is sometimes described as the transfer of external energy to the human 
body, causing tissue disruption. Therefore, surgery can be considered controlled 
and orderly penetrating trauma in which the act of an incision, dissection, and 
retraction also imposes tissue changes. Both trauma and surgery can lead to similar 
stress responses including endocrine, metabolic, and immunologic or inflammatory 
responses.

The endocrine response to surgery includes activation of the hypothalamus, pitu-
itary gland and the sympathetic nervous system [1]. Multiple endocrine effects such 
as secretion of cortisol from the adrenal cortex and vasopressin from the pituitary 
gland lead to metabolic changes. These culminate in an overall systemic effect charac-
terized by increased catabolism, water resorption, and mobilization of stored energy 
within fat, glucagon within the liver, and skeletal and visceral protein. The activation 
of thyroid hormone increases glucose absorption from the gastrointestinal tract and 
stimulates the central and peripheral nervous systems.
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The immunologic stress response involves the elaboration of cytokines where 
neutrophils, fibroblasts, and endothelial cells are activated. These proteins play a role 
in the inflammatory response to surgery and tissue trauma and promote systemic 
changes. The most prominent cytokines released in the post-operative period are 
interleukin-1, interleukin-6, and tumor necrosis factor-α. As a result, the secretion 
from the pituitary gland is augmented through secretion of adrenocorticotropic 
hormone and increasing the release of cortisol. In turn, this additional stimulation of 
cortisol amplifies the endocrine and metabolic responses to trauma and surgery [2].

Pain is an expected part of trauma and surgery and the wound itself elicits 
inflammatory and metabolic responses [3]. Direct stimulation of the hypotha-
lamic–pituitary–adrenal axis is transmitted through small myelinated A-delta fibers 
and unmyelinated C fibers [4]. These nociceptive signals are then transmitted via 
sympathetic pathways at the level of the spinal cord. As a result, pro-inflammatory 
cytokines are secreted via the spinal cord as well as systemically [5]. Also, the pain 
stimulus itself has been demonstrated to elaborate endocrine, metabolic, and inflam-
matory responses [6].

From a clinical perspective, acute pain after trauma and surgery is a reminder of 
the local tissue injury and that pain is a protective mechanism to move away from a 
painful stimulus or to limit behaviors that would cause further tissue damage. Patients 
experience pain in both a physical and cognitive manner. Whether the physical pain is 
nociceptive, inflammatory or pathologic, insults from an external source or internally 
from a disease process lead to a systemic response. The affective and cognitive aspect 
includes the way patients experience pain and the cortical processing that occurs 
when pain is experienced.

In order to treat acute pain resulting from trauma and surgery, strategies should 
address the physical and cognitive aspects of how patients experience pain. Surgical 
and anesthetic techniques that mute the body’s endocrine, metabolic or immunologic 
responses may serve to reduce pain responses.

2. ERAS protocols

Enhanced Recovery After Surgery (ERAS) is a multimodal perioperative protocol 
focused on evidence-based interventions to improve patient outcomes and recovery. 
ERAS was developed from the foundational work of Professor Henrik Kehlet of 
the University of Copenhagen in the 1990s where he discussed the pathophysiol-
ogy behind the “surgical stress response” and designed a multimodal perioperative 
approach that differed from existing traditional consensus guidelines [7]. Building 
off Kehlet’s early work, Professor Ken Fearon of the University of Edinburgh and 
Professor Olle Ljungqvist of the Karolinska Institutet founded the ERAS Study 
Group in 2001. The ERAS Study Group later became the ERAS Society, a non-profit 
organization whose mission is “to develop perioperative care and to improve recovery 
through research education, audit and implementation of evidence-based practice” 
[8]. ERAS protocols are based on more than 20 principal interventions throughout 
the pre-, intra-, and post-operative periods that aim to minimize surgical trauma 
and adverse outcomes, preserve appropriate physiologic function, as well as enhance 
the rate of recovery. ERAS guidelines exist for a variety of surgical subspecialties 
and even specific surgical interventions. ERAS compliance has been repeatedly 
demonstrated to reduce length of admission and complication rates [9] as well as be 
financially beneficial [10, 11].
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2.1 Pre-operative interventions for pain in ERAS

In the pre-operative period, a variety of interventions are used to optimize a 
patient’s readiness for surgery. These interventions are targeted to address modifi-
able risk factors and stabilize pre-operative physiology. The components of ERAS 
in the pre-operative period include preadmission counseling, pre-operative medical 
optimization, pre-rehabilitation, pre-operative nutrition and carbohydrate loading, 
thromboprophylaxis, and antibiotic prophylaxis.

An important initial part of pain management in ERAS is appropriate preadmis-
sion counseling. Pre-operative counseling is designed to ready the patient for surgery 
and provide the patient with needed information and realistic expectations regarding 
the peri-operative period. Ideally, this pre-operative education will include a discus-
sion of post-operative pain. Although there is little up to date research into benefits of 
pre-operative education, general consensus guidelines support the use of pre-operative 
counseling in the case of all non-emergent surgeries. Egbert et al. [12] demonstrated a 
statistically significant reduction in post-operative narcotic use in patients who received 
pre-operative education of pain including relaxation techniques and discussion of phar-
macologic methods to control pain. This was despite noting no difference in subjective 
grading of pain severity in this group compared to patients who did not received educa-
tion or counseling. Additional benefits of pre-operative pain discussions include reduced 
fear and anxiety and reduced distress due to pain [13, 14].

2.2 Intra-operative interventions for pain in ERAS

At the time of surgery, ERAS protocol items are targeted to maintaining physi-
ologic function and minimizing surgical trauma. These interventions are designed to 
attenuate the surgical stress response and prevent adverse outcomes as a result. The 
components of ERAS in the intra-operative period include preventing intra-operative 
hypothermia, anesthetic management, opioid-sparing pain control, minimally-
invasive surgery techniques, avoidance of prophylactic NG tubes and drains, nausea 
management, and peri-operative fluid management.

2.2.1 Surgical technique

Historically, procedures were performed in an open manner, where incisions 
allowed wide exposure of the involved structures. Newer developments in surgical 
technique such as minimally invasive surgery (MIS) require smaller surgical inci-
sions and are designed to inflict less pain and trauma on the body. MIS encompasses 
both laparoscopic and robotic-assisted surgery techniques. Laparoscopy involves the 
use of a camera, also known as a laparoscope, and other elongated forms of surgi-
cal tools which are inserted through port sites at various locations on the abdomen 
or thorax. This allows surgeons to visualize structures and perform an operation 
entirely through multiple small surgical incisions. Robotic-assisted surgery is a newer 
approach where a surgeon controls laparoscopic tools from a console. This system 
uses instruments with an additional point of articulation as compared to laparoscopic 
instruments, which may allow for more precise, fine motor movements in the con-
fined space of the abdomen, pelvis or thorax. The increased articulation of the robotic 
arms may further minimize tissue injury by decreasing the torque on the abdominal 
and chest wall and compensate for surgeon and patient characteristics that affect the 
ergonomics during the surgical intervention.
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Open versus laparoscopic techniques have been extensively studied across a 
wide range of surgical procedures. In our review of the ERAS protocols for gastrec-
tomy, bariatric surgery, and colorectal surgery, all protocols recommend the use of 
minimally-invasive surgery techniques whenever possible, appropriate, and within 
the expertise of the operating surgeon [15–17]. There is some variation in the grade 
of recommendation with colorectal and bariatric surgery giving a strong recom-
mendation for MIS technique and gastrectomy recommendation varying based upon 
procedure and level of disease progression. In nine meta-analyses comparing open 
versus laparoscopic techniques in either distal gastrectomy [18–23] or total gastrec-
tomy [24–26], the laparoscopic approach was consistently shown in all studies to have 
lower volume of blood loss. Laparoscopic surgery was associated with longer operat-
ing times and shorter hospital stays in 6 out of the 9 meta-analyses. In the studies 
that demonstrated shorter hospital stays with the minimally invasive approach, the 
hospital stay was 4–5 days less on average. A laparoscopic approach to gastric bypass 
was associated with shorter length of stay (LOS), earlier recovery, reduced rate of 
hernia and infection [27–30]. In multiple controlled trials in colorectal surgery, 
laparoscopic technique was associated with improved recovery, reduced length of 
stay, reduced blood loss, and complications [31–37]. Research comparing outcomes 
between laparoscopic and robotic-assisted surgery for colonic and rectal resection 
did not demonstrate significant differences in primary outcome measurements 
aside from reduced conversion rate associated with robotic technique and reduced 
operating time associated with laparoscopic method. Robotic-assisted surgery was 
associated with significantly increased cost despite not conferring major additional 
advantages [38, 39].

The LAFA-study, a nine-center randomized controlled trial (RCT) completed in 
2011, compared outcomes including post-operative hospital stay, morbidity, reopera-
tion rate, readmission rate, in-hospital mortality, quality of life, patient satisfaction, 
and in-hospital costs amongst open or laparoscopic and fast track multimodal man-
agement or standard care in the treatment of colon cancer [40]. The primary outcome 
of total post-operative hospital stay was dependent on the predefined discharge 
criteria which included adequate pain control with paracetamol and/or nonsteroidal 
anti-inflammatory drugs (NSAID), ability to tolerate solid foods, lack of nausea, pas-
sage of flatus or stool, mobilization, and acceptance of discharge. The laparoscopic/
fast track group had a median total post-operative hospital stay of 5 days as compared 
to 7 days in the open/fast track group, 6 days in the laparoscopic/standard group, and 
7 days in the open/standard group (p < 0.001) [40]. Those in the laparoscopic/fast 
track group were meeting the defined discharge criteria earlier than the other catego-
ries implying that these fast-track and MIS interventions allowed for adequate pain 
control earlier in the post-operative course as compared to open and non-multimodal 
standard of care protocols.

2.2.2 Opioid-sparing pain control and anesthetic management

Pain control begins during the intra-operative period and continues into the 
post-operative period. Intra-operative pain control involves appropriate anesthetic 
management, the use of local anesthetics around incisions, and the use of additional 
pain-relieving adjunctive interventions. ERAS protocol suggests the use of multi-
modal opioid-sparing pain control regimens.
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2.2.3 Avoidance of prophylactic nasogastric (NG) tubes and drains

In the pre-ERAS era, the use of drains and NG tubes were common despite lack of 
research support for these practices. In fact, the Cochrane review by Verma et al. [41] 
demonstrated that patients without NG tubes had an earlier return of bowel function 
and decreased complications. ERAS protocols suggest the avoidance of prophylactic 
NG tubes or drains given no clear benefit from their use in multiple studies and 
multiple types of surgery [41–45] as well as potential harms including pain and 
discomfort from the tube or drain, delayed nutrition, and decreased ambulation.

2.3 Post-operative interventions for pain in ERAS

Following surgery, ERAS guidelines focus on preventing complications and help-
ing with the speed of recovery. The components of ERAS in the post-operative period 
include post-operative pain control, pain and nausea management, early oral nutri-
tion, early ambulation, early catheter removal, prevention of post-operative ileus, 
and appropriate discharge criteria. In the post-operative period, it is an expectation 
that the patient will have some degree of pain because pain is an unavoidable sequelae 
of surgery. The goal of pain control in ERAS is not complete elimination of pain. 
Instead, the objective is dynamic pain relief, where pain is controlled to the point of 
allowing normal function in terms of both physiology and mobility.

2.3.1 Nausea and prevention of post-operative ileus

Post-operative nausea, vomiting, and ileus can be significant causes of patient 
pain and discomfort. Best practice recommendations for post-operative nausea and 
vomiting include the use of serotonin antagonists along with avoidance of opioid 
analgesics given their likelihood to cause GI side effects including nausea, constipa-
tion, and ileus. Other antiemetic medications commonly used include dopamine 
receptor antagonists, benzamides, and antihistamine medications. Other interven-
tions targeted to minimize the risk of post-operative ileus include the use of central 
neural blocks. The rationale behind these neural blocks is two-fold as a method of 
pain control and acting as a sympathetic nerve block allowing for increased gastroin-
testinal motility and reduced rate of post-operative ileus [7].

2.3.2 Early oral nutrition

Historically, surgeons employed prolonged fasting periods after surgery with 
a gradual return to normal eating habits. Research has shown early nutrition to be 
associated with reduced rates of infections and decreased duration of hospital stay 
[46, 47], and demonstrated improvements in immune functioning [48, 49]. During 
the inflammatory reaction to trauma and surgical stress, hyperglycemia is common 
due to increased hepatic glucose production and decreased peripheral uptake [3]. 
This is compounded by relative insulin resistance. When cells do not have glucose 
readily available for metabolic needs, the body will enter into pathways that promote 
gluconeogenesis and leads to catabolism of skeletal and visceral protein. Because 
pain pathways and the immunologic stress response are linked, interventions that 
addresses insulin resistance would also mitigate pain responses and vice versa.
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2.3.3 Early ambulation

Some interventions in ERAS that are designed to improve the rate of recovery may 
result in increased pain for the patient. ERAS protocols encourage prompt mobiliza-
tion as early as the day of the operative procedure. Activity targets are dependent 
on pre-operative functioning and tolerance of physical activity requires adequate 
pain control. Although evidence of the positive benefits of early mobilization are 
limited, post-operative bed rest is associated with increased risk of thromboembolism 
and pulmonary complications. The surgical stress response causes both micro and 
macroscopic endothelial injury and post-operative immobilization increases venous 
stasis placing patients at significantly increased risk of thromboembolism regardless 
of the presence or lack of coagulopathy [7, 50, 51]. Bed rest and maintaining a supine 
position encourages positional-hypoxemia which may be improved with sitting 
positioning (>30° from horizontal) that allows for improved oxygenation, functional 
residual capacity, and decreased work of breathing [52]. Additionally, immobiliza-
tion contributes to general catabolism and muscle wasting. An understanding of the 
pathophysiologic processes supports the continued use of this intervention despite its 
potential to cause patient discomfort.

3. Multimodal pain management

A central tenet of ERAS protocols is the use of multimodal pain management 
techniques. These techniques can be broken down into multiple subcategories including 
non-pharmacologic therapy, non-opioid pharmacotherapy, opioid pharmacotherapy, 
and regional anesthesia techniques. Multimodal pain management takes into consid-
eration the multiple potential points of intervention for pain, targeting both ascending 
input to the brain and descending pain regulation pathways [53]. Using interventions at 
multiple points along the pain pathways helps to maximize pain control while minimiz-
ing unwanted effects or reliance on one specific strategy. The multimodal approach 
allows for plans tailored to the needs of the patient that can adapt and change with 
circumstances, pain control, patient preference, and symptoms.

3.1 Non-pharmacologic pain management

Non-pharmacologic pain management interventions can be used as adjunct 
therapies to traditional pain management techniques. These interventions can involve 
cognitive or physical strategies to reduce pain and discomfort. Common cognitive 
strategies include therapy (cognitive behavioral therapy, psychotherapy, music and 
art therapy), mindfulness and relaxation techniques, hypnosis, meditation, and 
virtual reality. Physical strategies include positioning, topical heat or cold application, 
acupuncture, massage, transcutaneous electrical nerve stimulation, and therapeutic 
ultrasound [53]. Many of these modalities are low cost interventions that confer 
minimal risk with potential benefit though quality of evidence of improved efficacy is 
variable.

3.2 Non-opioid pharmacotherapy

Various non-opioid medications exist and are commonly employed agents in stan-
dard pain control regimens. These include, but are not limited to anti-inflammatory 
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drugs, local and regional anesthetics, gabapentinoids, symptom-driven adjuvant 
therapy, serotonin-norepinephrine reuptake inhibitors (SNRI), N-methyl-D-aspartate 
(NMDA) antagonists, and 𝛼𝛼2-agonists.

3.2.1 Acetaminophen and NSAIDs

Acetaminophen and nonsteroidal anti-inflammatory drugs (NSAIDs) are the 
mainstay of mild to moderate pain control in outpatient and inpatient settings. They 
can also be effectively employed in multimodal pain management approaches for 
more severe pain in the peri-operative period. Acetaminophen functions both as 
an analgesic and an antipyretic though its exact mechanism of action is unknown. 
NSAIDs inhibit cyclooxygenase and work as an analgesic, antipyretic, and anti-
inflammatory. General best practice recommendations include the use of these 
medications unless contraindicated. They can be used on an as needed basis or 
scheduled around the clock. These medications are preferably administered orally, 
but intravenous (IV) options are available in the setting of poor GI absorption or 
inability to tolerate oral intake.

3.2.2 Symptom-driven adjuvant therapies

Symptom-driven adjuvant therapies should be employed to target the specific 
symptoms that a patient is experiencing in the peri-operative period that are causing 
distress. This may include medications for symptoms including, but not limited to 
incisional pain, musculoskeletal pain, nausea and vomiting, and anxiety. Medications 
to consider in this category include lidocaine patches, skeletal muscle relaxants, and 
anti-nausea and antiemetic therapy.

3.2.3 Neuropathic pain

Most post-surgical pain fits into the category of nociceptive pain, where the pain 
results from damage to tissue and structures outside of the nervous system. Although 
to a smaller proportion, some degree of post-surgical pain may be of neuropathic 
origin. Initial management may include failed attempts with medications such as 
acetaminophen or NSAIDs, but neuropathic pain may be more responsive to a variety 
of alternative medications such as the antiepileptic and SNRI medication classes. 
Medications such as gabapentinoids and 𝛼𝛼2-agonists target reducing descending pain 
input through action on the presynaptic neuron.

3.3 Opioid-pharmacotherapy

Opioid medications are synthetic analogues of opiates and act on both ascend-
ing and descending pain pathways via action on opioid receptors, primarily 𝜇𝜇- and 
𝜅𝜅-receptors. Opioid medications are incredibly effective methods of pain control, but 
come with significant risks including respiratory and central nervous system depres-
sion, and abuse potential. Other less severe effects include opioid-associated ileus, 
nausea and vomiting, and urinary retention. These side effects are non-desirable in 
a post-operative patient with recent abdominal surgery where the goal is to preserve 
normal physiologic functioning. Therefore, there is significant reason to avoid these 
medications when possible.
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3.4 Local and regional anesthesia techniques

The use of local and regional anesthesia is a common practice that functions 
well in the multimodal pain management approach and can limit the need for other 
medications including opioids. Incisional lidocaine and the use of single injection 
nerve blocks are useful adjuncts that can be employed for short-term pain relief. 
Other methods include placement of a catheter in a particular region or nerve distri-
bution and analgesic medication is continuously administered. This is generally used 
when analgesia will be required for greater than 12 hours. Some of the more common 
regional anesthesia blocks used in abdominal surgeries and trauma include epidural, 
paravertebral, and transverse abdominis plane (TAP). All of these options provide 
some relief of abdominal wall pain. The physiologic basis of the use of local and 
regional anesthetics is centered on the evidence that neural blockade attenuates the 
hormonal and inflammatory response [54] to surgery.

4. Pain management in trauma patients

Trauma is one of the leading causes of mortality in younger populations [55], 
but it can affect patients of all ages alike. Unsurprisingly, the most common 
complaint from trauma patients is pain. The management of this acute pain has 
been shown to be critical in improving patient outcomes after trauma; poor pain 
management is associated with longer hospital stays, delays in return to work, 
decreased quality of life, and increased risk of developing debilitating conditions 
like post-traumatic stress disorder (PTSD) and chronic pain [55–57]. Traditionally, 
opiates were one of the main pharmacologic agents used to treat pain caused by 
traumatic injuries. In recent years, trauma surgeons and emergency medicine 
physicians have shifted towards a multimodal approach to pain management by 
including non-opiate pharmacologic agents and regional anesthetics as part of the 
arsenal of treatments to alleviate acute pain. This shift in paradigm arises in the 
context of a worsening opioid epidemic in which trauma patients have higher rates 
of pre-injury opioid use, estimated to be as high as four times that of the average 
population [58]. The higher prevalence of pre-injury opioid use makes managing 
acute pain in trauma patients more challenging with patients developing some 
degree of tolerance to narcotics and putting them at increased risk of withdrawal. 
Consequently, the higher dose of narcotics required to manage their pain puts 
them at increased risk of developing dangerous adverse effects including overseda-
tion, urinary retention, nausea, ileus, constipation, and respiratory depression. 
Considering trauma patients are often critically ill with multiple traumatic injuries, 
these effects can be deleterious.

4.1 Pharmacologic options

Patients who suffer significant traumatic injuries can present with a wide range 
of physiologic derangements in response to the acute stress from trauma, which can 
be far greater than that caused by elective surgery [58–60]. Special attention must 
be given to a patient’s mental, hemodynamic and respiratory status when choosing 
an appropriate medication for pain relief in order to minimize further physiologic 
derangements [61]. Additionally, pharmacologic options for pain relief are further 
limited by route of administration. Oral medications are typically not first-line in the 
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resuscitative period for several reasons including decreased absorption, inability to 
tolerate enteral intake due to mental status changes or injury to the digestive tract. 
Intravenously administered drugs are preferred given their rapid onset and more 
predictable effects. As patients recover from their acute injuries and their physiologic 
status approximates normalcy, additional pharmacologic and nonpharmacologic 
options become available.

4.1.1 Opioid analgesics

Although one of the main goals of multimodal analgesia is to optimize pain 
management while reducing the use of narcotic pain medications, opioids are still 
the cornerstone of pain management in trauma and critically ill patients given their 
familiarity, efficacy and known pharmacokinetics. Fentanyl is typically the opioid of 
choice in the acute resuscitative period, given its minimal effects on hemodynamics, 
rapid onset and short half-life. However, its short-acting effects means frequent dos-
ing is required for adequate pain relief. Once in the intensive care unit (ICU), con-
tinuous infusions of systemic opioids are typically employed for pain management. 
However, inadequate titration of these medications can cause systemic drug accumu-
lation and result in decreased cognition, ileus, and respiratory depression. A viable 
option for awake patients is IV narcotics such as hydromorphone or morphine deliv-
ered through a patient-controlled analgesic pump. Clinicians should also be aware of 
the paradoxical syndrome of Opioid-induced hyperesthesia (OIH). Although poorly 
understood, this syndrome has been observed in patients with chronic opioid use and 
is characterized by worsening pain with increasing doses of opioids. Furthermore, use 
of opioid analgesics induces tolerance and exposes patients to possible addiction. Use 
of other pharmacologic agents for pain relief overall can decrease these adverse effects 
while improving pain management.

4.1.2 Acetaminophen and nonsteroidal anti-inflammatory drugs (NSAIDs)

Although acetaminophen and NSAIDs may not provide adequate analgesia for 
severe pain alone, the use of these agents as part of multimodal therapies can be 
beneficial in pain management. Acetaminophen has been shown to reduce the use 
of opioids and sedatives in critically ill patients in doses up to 4,000 mg per day. Its 
availability in oral, rectal and IV formulations make it a viable option as part of a 
multimodal pain management in most patients.

The efficacy of NSAIDs like ketorolac, celecoxib and ibuprofen in critically ill 
patients has not been well studied. Their use is often overlooked due to their dose-
dependent side effects including gastritis, renal impairment and platelet dysfunc-
tion. Specifically in patients with rib fractures, the use of ketorolac has been shown 
to reduce the risk of pneumonia and ICU length of stays significantly, and use of 
IV ibuprofen reduces the use of opioids and overall hospital length of stay [62, 63]. 
Traditionally, some clinicians have been reluctant to prescribe NSAIDs in patients 
with fractures due to concerns regarding their effects on bone healing. A recent 
review of the evidence demonstrated that the data supporting the avoidance of 
NSAIDs in patients with fractures is conflicting and insufficient to formulate clinical 
recommendations [64–66]. Given their known benefits in relieving pain from mus-
culoskeletal injuriesinjuries, some guidelines actually recommend the routine use of 
NSAIDs as part of multimodal pain management in patients with non-operative and 
operative fractures [67].
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4.1.3 Anticonvulsants

Gabapentin and pregabalin are two commonly used anticonvulsants in some 
multimodal pain regimens. The mechanism of their analgesic effects is not entirely 
understood, but these medications have been effective in treatment of neuropathic 
pain [68]. Their effects on analgesia related to traumatic injuries is thought to be 
secondary to their suppression of nociceptive neuronal firing [58]. Their side effect 
profile which includes dizziness, somnolence, ataxia, convulsions, and visual distur-
bances, as well as their lack of IV formulations may limit their use in trauma patients. 
Some studies have shown benefits to using anticonvulsants in patients with phantom 
limb pain, post-thoracotomy pain, and burns [58, 69, 70]. Furthermore, use of these 
medications may help prevent transition of acute pain into chronic pain due to their 
dampening effect on neuronal pathways responsible for the hyperesthesia secondary 
to nociceptive stimuli [68].

4.1.4 Ketamine

The use of ketamine in the management of acute pain has been studied extensively 
in recent years. An NMDA receptor antagonist, ketamine has become one of the pre-
ferred agents for analgesia in trauma patients for multiple reasons. Its limited effects 
on hemodynamics, short half-life, quick onset of action, and limited CNS depression 
have identified it as a favored option in the acute resuscitative period after traumatic 
injuries [71, 72]. Unlike opioids, ketamine has no effect on the respiratory system 
and is especially useful in trauma patients who are at high risk of complications from 
respiratory depression due to multi-system injuries. Studies have shown it to be an 
effective agent in the treatment of acute pain and reduces the use of opioids in the 
pre-hospital and emergency room settings [73]. Use of analgesic-dose IV ketamine 
has been seen to reduce the need for narcotics in the postoperative period as well [74]. 
Furthermore, its use in traumatic brain injuries has become a preferred agent because 
of its neuroprotective effects [75].

4.1.5 Other adjuncts

The use of dexmedetomidine has shown promise in the perioperative period for 
trauma patients, with some studies showing decreased opioid use associated with 
administration of dexmedetomidine in patients undergoing intra-abdominal surger-
ies. The addition of dexmedetomidine as part of multimodal pain management is 
limited by its effects on hemodynamics including bradycardia and hypotension [76]. 
For this reason, dexmedetomidine is considered a better option for analgesia and 
sedation during the post-resuscitative phase [77]. Other adjuncts to pain management 
have been used in some perioperative settings, including IV lidocaine, though studies 
on its use in trauma populations has been limited [78].

4.2 Non-pharmacologic options

Use of regional analgesia, including peripheral nerve blocks (PNBs), fas-
cial plane blocks and neuraxial blocks, has shown significant promise in the 
improvement of pain in patients with multiple injuries [79]. When appropriate, 
implementation of regional analgesia has been shown to decrease requirements 
for opioid and non-opioid analgesic in trauma patients requiring laparotomies 
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[80]. Neuraxial blocks have demonstrated a reduction in the postoperative risk of 
venous thromboembolism and cardiopulmonary complications [81]. The effects 
of regional analgesia have been best described in cases of thoracic trauma and 
orthopedic injuries. Specifically, paravertebral blocks in patients with rib fractures 
have shown significant improvements in pulmonary function, pain control and 
decreased length of stay. Similar effects have been seen in elderly patients after hip 
fracture, and in addition, these patients experienced less delirium [82]. Because 
of these benefits of regional analgesia, early implementation of these modalities 
should be considered with consultation of an acute pain management service to 
provide satisfactory pain control in trauma patients.

5. Pain management in cancer patients

One of the most common symptoms for patients with cancer is pain, which can be 
secondary to the cancer itself or related to the treatment [83]. In the era of the opioid 
epidemic, there has been a drive to move away from opiate-centered pain manage-
ment because cancer survivors have a higher risk of opioid misuse due to exposure 
to opioids during their treatment [84]. The American College of Physicians (ACP), 
National Comprehensive Cancer Networks (NCCN), the National Cancer Institute 
(NCI), and the American Society of Clinical Oncology (ASCO) have developed 
guidelines for the management of cancer-related pain with the overarching concept 
of using a combination of pharmacologic and nonpharmacologic modalities for pain 
management. By employing a multimodal approach to pain management clini-
cians can enhance pain relief and limit side effects from the treatment of pain. This 
becomes especially important in patients who are already suffering significant side 
effects from undergoing cancer treatment.

5.1 The WHO analgesic ladder

In an effort to improve cancer-related pain management, the World Health 
Organization (WHO) developed an “analgesic ladder,” a guideline for clinicians to 
use in their efforts to treat their patients’ pain [85]. Originally established in 1986, the 
analgesic ladder has been modified over the years to include other non-cancer related 
painful conditions, acute and chronic. The guideline consists of a step-wise approach 
to pain management starting with non-opioid medications, including NSAIDs and 
acetaminophen along with other adjuvants, followed by the introduction of weak and 
then potent opioids. A progressive plan based on pain levels adjusts dosing to balance 
pain relief with the associated negative side effects these medications may cause. 
Importantly, this stepwise management is based on the continuous assessment of a 
patient’s level of pain in order to effectively develop individualized, patient-centered 
treatment plans that can be modified as a patient progresses through the course of the 
disease.

The first step includes basic non-opioid medications like acetylsalicylic acid 
(ASA), paracetamol, ibuprofen, indomethacin, and other alternatives. The second 
step includes “weak” opioids for mild to moderate pain, which include codeine, 
dihydrocodeine, and tramadol. The third step introduces “potent” opioids, or opioids 
used for moderate to severe pain. These include morphine, methadone, oxycodone, 
and buprenorphine. Adjuvant medications are added throughout these steps to man-
age unwanted side effects, enhance pain relief or for the treatment of concomitant 
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problems like anxiety, insomnia and depression. These medications include antiemet-
ics to treat nausea, laxatives to treat constipation, corticosteroids for the treatment of 
nerve compression or bone metastases, and psychotropic medications to treat anxiety, 
depression or other associated conditions. A distinction is also made for neuropathic 
pain, for which use of tricyclic antidepressants (TCAs) and antiepileptic drugs are 
recommended [86].

5.2 Nonpharmacologic alternatives to pain management

Initially the analgesic ladder consisted of three steps, each introducing only 
pharmacologic options for pain management. In recent years, however, the WHO has 
added a fourth step to include invasive and minimally invasive procedures as a way 
of managing pain that persists despite optimal pharmacologic therapy. These include 
epidural and intrathecal analgesia, neurosurgical procedures, neuromodulation 
strategies, peripheral nerve stimulation, nerve blocks, ablative procedures, and pallia-
tive radiotherapy. These techniques have been shown to be effective in the treatment 
of some cancer-related pain [86–90]. Additionally, integrative medicine therapies like 
hypnosis, acupuncture and music therapy have also been shown to play a role in the 
reduction of pain [91].

6. Conclusions

Surgery and traumatic injuries are on a spectrum of energy transfer to the body 
leading to tissue disruption. As a result of the tissue disruption, multiple responses 
occur which elaborate a cascade of reactions that cause and augment the pain 
response. In the management of pain in the peri-operative period, multimodal pain 
management has evolved as the preferred strategy to control pain and to mitigate 
the surgical stress response. The ERAS protocols and guidelines for pain control in 
the injured patient and cancer patient might be summarized in the word “PAIN” 
itself, now used as a mnemonic. In order, pain control starts with “P” for preven-
tion through use of local anesthesia prior to incision and/or dissection that reduces 
the endocrine and inflammatory response. Next, patients should be offered “A” for 
anti-inflammatory agents, followed by “I” for intervention consisting of neural blocks 
such as epidural or spinal interventions as well as blocking the distribution of named 
nerve. Finally, “N” for narcotics should be considered for moderate and severe pain 
and after the previous methods have been attempted so that we move away from 
opioids as a singular choice. This approach may help to address some of the issues 
with the opioid crisis.
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Chapter 5

Effectiveness of Ultrasound-Guided 
Serial Injection Triple Nerve Block 
before and after Cementless Bipolar 
Hemiarthroplasty in Femoral Neck 
Fracture
Dong Ha Lee and Jung Wook Huh

Abstract

Bipolar hemiarthroplasty (BHA) is a common treatment for femoral neck 
fractures, but post-surgery pain can delay recovery. This study retrospectively 
analyzed 87 BHA patients from 2016–2020, categorizing them into two groups: 
Group I (n = 42) received serial injection nerve blocks (SINB) before and after 
surgery, while Group II (n = 41) did not. Pain was measured using a visual analog 
scale at multiple time points post-surgery. The groups were also compared for 
hospital stay length and perioperative complications. Results indicated that Group 
I patients, who received SINB, had significantly lower pain scores at most time 
intervals post-surgery and exhibited fewer instances of postoperative nausea, 
vomiting, and delirium. Using ultrasound-guided SINB not only provided supe-
rior pain relief but also minimized the need for narcotics and their side effects, 
like nausea and delirium.

Keywords: femur neck fracture, bipolar hemiarthroplasty, ultrasonography, 
peripheral, nerve block

1. Introduction

Bipolar hemiarthroplasty (BHA) is a common surgical intervention used to 
manage the acute pain associated with femoral neck fractures. While effective, BHA 
is linked to significant postoperative pain that, if not well-managed, can hinder 
recovery, lengthen hospitalization, and increase the risk of negative outcomes such 
as myocardial ischemia, pulmonary dysfunction, and thromboembolism. Therefore, 
optimal pain management after BHA should prioritize providing potent pain relief 
while minimizing opioid consumption and supporting recovery. Similarly, total knee 
arthroplasty (TKA) can also result in significant postoperative pain, and various pain 
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management strategies are available, such as systemic or intrathecal opioids, local 
infiltration analgesia, and peripheral nerve blocks (PNBs). However, the ideal pain 
management approach should offer robust analgesia without any unwanted conse-
quences to minimize adverse effects [1–3].

The hip joint receives innervation from multiple nerves. Specifically, the obturator 
nerve and articular branches of the femoral nerve innervate the anteromedial section 
of the hip joint, while the lateral femoral cutaneous nerve (LFCN) innervates the 
anterolateral section [4]. It has been observed that patients undergoing a direct lateral 
approach for femur neck fracture at our institution often report postoperative pain 
in both the anteromedial and anterolateral regions of the hip joint [5], which can be 
attributed to the involvement of these nerves.

Inserting a catheter that can cover all three nerves is a challenging procedure, 
mainly due to the complexity of the process and the location of the nerves. The femo-
ral nerve seems to be the most feasible option, but the success of the blocks using this 
technique is unpredictable [4]. Using ultrasound guidance can make the procedure 
easier, but the results may still be unreliable. The procedure is technically difficult, 
even for experienced practitioners, as the space lies beyond penetrating a needle 
through two fascial layers [6].

Capdevila et al. recommend using continuous psoas compartment block for total 
hip arthroplasty, utilizing modified Winnie’s landmark [7] to determine the distance 
between the lumbar plexus and L4 transverse process accurately [8]. They have 
found that the fascia iliaca compartment block is more effective than the 3-in-1 block. 
However, it is worth noting that both techniques provide sensory blockade in only 
35% of cases [9]. Therefore, we opted to perform a single injection of each of the three 
nerves before the BHA procedure, rather than dwelling a catheter on one nerve that 
innervates the hip joint.

Ensuring that the effects of peripheral nerve blocks are sustained is crucial to 
reducing opioid use among inpatients, as even small doses (20 to 50 MME/day) may 
increase the risk of clinical complications and long-term opioid dependence [10–12]. 
However, the duration of a single injection nerve block is limited to a maximum of 
12 hours [13]. To extend the effects beyond 12 hours, we developed a method of serial 
injection.

An experienced orthopedic surgeon performed an ultrasound-guided block of the 
lateral femoral cutaneous nerve, obturator nerve, and femoral nerve. The procedure 
took less than 10 minutes for each nerve block, and it did not significantly add to the 
perioperative time. Furthermore, there were no local complications, such as infection 
or hematoma, at the injection site.

In addition to the potential temporary weakness in the quadriceps muscle, a 
known side effect of femoral nerve blocks [11–13], we made a concerted effort to 
preserve ankle dorsiflexion and plantarflexion to mitigate the risk of deep vein 
thrombosis (DVT) during our study.

The purpose of this investigation is to evaluate the clinical benefits of ultra-
sound-guided serial injection nerve blocks (SINB) targeting the femoral, obtura-
tor, and lateral femoral cutaneous nerves in patients undergoing BHA. As these 
peripheral nerves innervate the proximal femur and hip joint, the study aims to 
assess the effectiveness of SINB in achieving optimal pain relief while minimizing 
opioid consumption during the first 48 hours postoperatively. Furthermore, we 
aim to investigate the extent to which SINB decreases the incidence of postopera-
tive nausea and vomiting (PONV) and delirium, thereby promoting enhanced 
rehabilitation.
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2. Materials and methods

2.1 Trial design and study settings

A direct lateral approach under spinal anesthesia was utilized by a single 
orthopedic surgeon to perform all BHA procedures in our study. Our study popula-
tion consisted of 83 patients who underwent BHA between September 2016 and 
September 2020, all of whom were operated on by the same surgeon. These patients 
were divided into two groups - those who received SINB and those who did not. The 
SINB procedure was performed for all patients after January 2018, spanning a period 
of 2 years and 7 months.

During the BHA procedure, all patients received a standard dose of 0.2 ml/kg of 
bupivacaine (Heavy MarcaineTM, AstraZeneca, England) intrathecally under spinal 
anesthesia.

2.2 Participants

In our study, we conducted a retrospective review of the medical records of 87 
patients who had undergone BHA for fragility femoral neck fracture at Busan Medical 
Center between September 2016 and September 2020. The study was approved by 
the Public Institutional Bioethics Committee designated by the MOHW, and the 
Institutional Review Board granted approval under the number P01–202011–21-027.

To ensure the validity of our results, patients were excluded from the study if they 
met certain criteria, including pre-existing immobility prior to the injury, malunion 
or nonunion resulting from delayed initial treatment, diagnosis of severe dementia 
or other psychiatric conditions, or signs of delirium within 24 hours of surgery 
(Delirium Rating Scale >10). In total, four patients were excluded from the study, as 
shown in Figure 1.

2.3 Interventions

Group 1 comprised of the intervention group receiving the saphenous, femoral, 
and lateral femoral cutaneous nerve blocks (SINB), while Group II was designated as 
the control group and did not receive any blocks. All SINBs were performed by a sin-
gle experienced orthopedic surgeon immediately prior to surgery and repeated thrice 
postoperatively at 12-hour intervals. A 5-cm long, 5–12 MHz linear probe (LOGIQ 
e, GE, Boston, USA) and 22G spinal needle were used for the nerve blocks under 
ultrasound guidance. The femoral, obturator, and lateral femoral cutaneous nerves 
were each blocked with 7.5, 4, and 4 ml respectively of 0.75% ropivacaine mixed with 
7.5, 4, and 4 ml of 1% lidocaine at a 1:1 ratio, which is similar to the method used in a 
previous study. A sensory test including a pin prick test was performed to confirm the 
efficacy of the blocks. Premedication included 200 mg of Celebrex (celecoxib; Pfizer, 
NY, USA) and no additional local anesthetics or analgesics were given during surgery.

Postoperative pain management included patient-controlled intravenous anal-
gesia, consisting of a mixture of 2 mg butorphanol tartrate (Myungmoon Pharm., 
Seoul, Korea), 50 mg tramadol hydrochloride (Yuhan Corp., Seoul, Korea), and 
30 mg ketorolac tromethamine (Hanmi Pharm., Seoul, Korea) mixed in 100 mL of 
saline, with a background infusion rate of 0.05 ml/hr., bolus of 0.2 ml, and lockout 
of 8 minutes. This regimen was calculated as 19 MME (morphine milligram equiva-
lent), and the number of doses administered was recorded by checking the volume 
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remaining on the 3rd postoperative day. Rescue analgesics (50 mg of Tramadol or 
90 mg of Diclofenac) were administered to patients as required for postoperative pain 
control, and anti-emetic injection was only given to those who exhibited symptoms of 
nausea and vomiting.

Patients were instructed on straight leg raising exercises, knee flexion/extension, 
and ankle dorsiflexion/plantarflexion exercises prior to surgery and encouraged to 
continue these exercises postoperatively to facilitate rehabilitation. Additionally, 
patients were educated on postural changes and were provided with medical com-
pression stockings throughout their hospital stay to help prevent postoperative 
complications.

2.4 Outcome assessments

The post-operative pain intensity was assessed using the visual analogue scale 
(VAS) at 6, 12, 24, 48, and 72 hours after the surgery. The medical staff provided a 
detailed explanation of the meaning of VAS before the initial measurement. The num-
ber of doses administered through patient-controlled analgesia (PCA) was recorded 
for the first 72 hours, along with the amount of rescue analgesics. Additionally, the 
number of cases of nausea and vomiting was recorded from the electronic medical 
record. Koval classification grade (ambulatory ability I-VII), T-cane walking (days 
until the patient was able to walk with the aid of a T-cane after the operation), local 
complications due to SINB, general postoperative complications (pressure sore, 
pneumonia, deep vein thrombosis, postoperative nausea and vomiting, delirium), 
and duration of hospitalization were also compared.

Figure 1. 
Flow chart of patient’s registration.
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2.5 Statistical methods

The statistical analysis was carried out using the SPSS version 22.0 software (IBM 
Corporation, Armonk, NY). Patient characteristics were evaluated using frequency 
analysis and cross analysis. The t-test was used to determine any differences in clinical 
outcomes and patient demographics between the two groups. Power analysis was 
conducted, which revealed an effect size of 0.5, statistical significance level of 0.05, 
and statistical power of 0.90 for both groups.

3. Results

The two groups did not differ significantly in terms of age (Group I: 57–88, Group 
II: 59–86), gender, sex, BMI (kg/m2), Charlson Comorbidity Index (CCI), VAS 
measured in the ward on the day of admission, koval classification grade, blood loss, 
or urine output. However, the operative time was longer in Group II by an average of 
8.58 minutes (Table 1). Group I had significantly lower subjective pain scores com-
pared to Group II at 6, 12, 24, and 48 hours after BHA (p < 0.05). However, there were 
no significant differences in post-operative VAS scores at 72 hours (Table 2).

I‡(n = 42) II§(n = 41) p-value

Mean Age (years) 76.24 77.49 0.236

Gender

Male 17 14 0.846

Female 25 25

Mean BMI*(kg/m2) 22.08 22.05 0.484

Mean CCI† 12.45 13.36 0.26

Mean VAS measured in ward 
on the day of admission

6.76 (1.84) 6.87 (1.75) 0.36

Koval classification (Grade)

I
II
III
IV
V
VI
VII

27
6
2
3
1
1
2

29
3
0
6
0
2
1

0.262

Mean Operation time (min) 131.57 140.15 0.005*

Mean Blood loss (ml) 343 279 0.065

Mean Urine output (ml) 360.02 279.67 0.051
*BMI: Body mass index.
†CCI: Charlson Comorbidity Index.
‡I: 3 Nerves block by continuous injection group.
§II: Control group (No injection).
*Significant difference between Group I and Group II.

Table 1. 
Patient demographics.
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In terms of pain management, Group I used a smaller volume of PCA solution 
(65.72 mL) in the first 72 hours after surgery compared to Group II (83.90 mL). The 
number of injections administered by PCA was also significantly lower in Group I, 
with an average of 0.65 injections for Group I patients and 0.88 injections for Group II 
patients (Table 3).

I‡(n = 42) II§(n = 41) p-value

6 hours 1.71 (0.21) 7.38 (2.30) 0.000*

12 hours 3.81 (0.30) 6.49 (1.57) 0.000*

24 hours 1.93 (0.17) 6.41 (1.20) 0.000*

48 hours 3.45 (1.28) 5.82 (1.62) 0.000*

72 hours 4.52 (0.45) 4.62 (0.51) 0.28
*VAS: Visual analog scale at.
†Hours Post-op: Hours of the post-operative.
‡I: 3 Nerves block by serial injection group.
§II: Control group (No injection).
*Significant difference between Group I and Group II.

Table 2. 
VAS* for post-operative (mean, standard deviation).

I†(n = 42) II‡(n = 41) p-value

PCA* consumption (ml) 65.72 (8.78) 83.90 (18.39) 0.000*

Additional analgesic injection(number of injection) 0.65 0.88 0.029*

*PCA: patient controlled analgesia.
†I: 3 Nerves block by serial injection group.
‡II: Control group (No injection).
*Significant difference between Group I and Group II.

Table 3. 
PCA* consumption for post-operative 72 hours (mean, standard deviation).

I*(n = 42) II†(n = 41) p-value

General Complications  
Pressure sore

0.571

1 2

Pneumonia 2 3 0.875

DVT‡  
Postoperative nausea and vomiting
Delirium

0
0
3

0
6

10

-
0.013*
0.032*

Local Complications 0 — —

Length of stay (day) (mean) 39.26 44.54 0.073

T-cane walking (day) (mean) 11.52 11.97 0.40
*I: 3 Nerves block by serial injection group.
†II Control group (No injection).
‡DVT: Deep vein thrombosis.
#HHS: Harris Hip Score.
*Significant difference between Group I and Group II.

Table 4. 
Complications & Length of stay & ambulation function.
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The incidence of pressure sores, pneumonia, and deep vein thrombosis did not 
differ significantly between the groups. However, the incidence of postoperative nau-
sea and vomiting (PONV) (0.00%) and delirium (0.07%) in Group I was lower than 
that in Group II (0.15 and 0.24%, respectively). There were no reports of any local 
complications due to SINB or any reports of block failure. The length of hospital stay 
and T-cane walking start day after the operation did not differ significantly between 
the groups (Table 4).

4. Discussion

The limitation of single injection nerve block is that it can manage only post-oper-
ative pain after BHA up to 12 hours. Serial injection nerve blocks effectively extended 
the duration of analgesic effects necessary for postoperative pain management. In this 
study, SINB can achieve adequate pain control not only for 12 hours after surgery but 
also up to 48 hours after surgery. Besides pain control, general complications such as 
the incidence of PONV and delirium were remarkably reduced due to SINB effect. 
These results are quite different from other studies which demonstrated no significant 
difference in delirium rate in CFNC (Continuous Femoral Nerve Catheter) treatment 
[12]. Considering the etiology of delirium is complex and multifactorial, it is remark-
able that controlling pain adequately can be a powerful management of delirium.

Performing triple nerve blocks every 12 hours for 2 days can be a labor-intensive 
process. To address this issue, we implemented a manual approach for serial triple nerve 
blocks. Prior to the BHA surgery, triple nerve blocks were performed with ultrasound 
guidance just before spinal anesthesia in the operating room. Following the surgery, we 
conducted rounds approximately 12 hours later (following the first triple nerve blocks) 
and performed the triple nerve block at the patient’s bedside with the assistance of the 
ward nurse. On postoperative day 1, we conducted wound dressing and repeated the 
triple nerve blocks at the bedside. Finally, the last set of triple nerve blocks were per-
formed during the afternoon rounds, following the same protocol as before.

Several advantages of favoring longer-acting regional block techniques were 
reported besides our study. Based on work by Farrar et al. with the utilization of con-
tinuous femoral nerve catheter, 60% pain score was reduced preoperatively, as well as 
50 and 54% lower pain scores on postoperative day 1 and 2, respectively [14].

Our study confirms the results of previous studies that serial femoral nerve blocks 
not only decrease average patient-reported pain scores, morphine consumption 
in the pre- and postoperative period, but also lower the rate of opioid-related side 
effects [12]. This is consistent with findings that controlling pain and reducing opioid 
requirement is associated with reductions in PONV and delirium and adds to the body 
of evidence that regional techniques can decrease post-operative complications.

Moreover, also found by the chart notes, patients were able to perform postopera-
tive breathing and rehabilitation exercises [12, 13]. However, unlike previous studies 
we could not find that more patients were discharged with or without home health 
services [12].

The present study aimed to assess the efficacy of single-injection nerve block 
(SINB) for managing pain during BHA surgery. Although the study showed that 
SINB provided effective pain relief, it had certain limitations that require further 
exploration.

One such limitation was the retrospective nature of the study, indicating the need 
for a randomized, double-blind trial to validate the results. Additionally, the potential 
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influence of antiemetic medication on postoperative pain and narcotic-related side 
effects was not considered.

The cost of multiple injections required for SINB was another limiting factor,  
particularly in patients with low income. Additionally, the procedure duration 
and the risk of local complications such as infection and hematoma were potential 
concerns.

The study found that temporary weakness in the quadriceps muscles [11–13] 
caused by femoral nerve block did not hinder patients undergoing BHA surgery, as 
they were advised to stay in bed for 72 hours and partial weight-bearing was recom-
mended [15–18] for several weeks after the surgery. Ankle dorsiflexion and plan-
tarflexion exercises were also utilized to prevent deep vein thrombosis.

Although there was no statistically significant difference in hospitalization dura-
tion between the two groups, a trend towards shorter hospitalization was observed 
in the SINB group. Future studies could investigate pain control using continuous 
femoral nerve catheter dwelling or explore the impact of T-cane walking initialization 
day on early mobilization between the two groups.

5. Conclusion

Administration of sequential lower limb nerve blocks with the guidance of 
ultrasound not only yields superior pain relief during the early post-operative phase 
following BHA, but also has the potential to maintain pain relief, resulting in reduced 
consumption of narcotics and mitigating associated adverse effects, such as post-
operative nausea and vomiting (PONV) and delirium.
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Chapter 6

Intravenous Lidocaine in  
Non-Opioid Multimodal 
Perioperative Pain Management: 
Current Controversy and Future 
Perspectives
Dimitar Tonev

Abstract

In the perioperative setting, intravenous lidocaine moderately reduces postoperative 
pain, opioid consumption and inflammatory response. Under laboratory conditions, 
lidocaine has been shown to inhibit cancer cell behaviour and exerts beneficial effects 
on components of the inflammatory and immune responses that are known to affect 
cancer biology. New evidence suggests that it might minimize the impact of surgery 
on NK cells and could augment NK cell cytotoxicity and improve survival in patients 
after pancreatic oncosurgery. Given the narrow therapeutic index, potential toxic-
ity and inconclusive evidence about its Enhanced Recovery After Surgery benefits, 
however, currently intravenous lidocaine is not routinely use for perioperative pain 
control. It should be administered after considering with the patient of its clear 
benefits over risks, in a dose of 1-2 mg/kg/h, not more than 24 hours and under a high 
dependency unit monitoring. Patients groups where the risk-benefit balance is tilted 
towards benefit include patients who are already on high doses of opioids, intolerant 
of opioids, and those who are at high risk of chronic postoperative pain. The upcom-
ing role for intravenous lidocaine in oncosurgery might shift its place from a second 
line non-opioid adjuvant to a first line option in the context of improving oncological 
outcomes.

Keywords: lidocaine, perioperative pain management, ERAS, oncosurgery, outcomes

1. Introduction

Lidocaine (Xylocaine®) was first synthesized in 1942, approved for use in human 
medicine and launched in 1948 in Sweden [1], patented in USA in 1948, and launched 
in 1949 after Food and Drug Administration approval [2]. Since 1958, intravenous 
(i.v.) lidocaine infusions have been used for postoperative analgesia as well [3]. The 
i.v. lidocaine is administered as an adjuvant in multimodal perioperative pain man-
agement for its analgesic, anti-inflammatory, and anti-hyperalgesic properties [4] 
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in many clinical settings. They include the operating theater, recovery room, high 
dependency unit (HDU), intensive care unit (ICU), and surgical ward [5]. Currently, 
the Enhanced Recovery After Surgery (ERAS) society guidelines recommend 
lidocaine as a continuous intravenous infusion in some ERAS protocols (colorectal 
surgery, hysterectomy, and pancreaticoduodenectomy) when epidural regional anal-
gesia is not feasible or opioids may be contraindicated [6]. Under laboratory condi-
tions, lidocaine has been shown to inhibit cancer cell behavior and exerts beneficial 
effects on components of the inflammatory and immune responses which are known 
to affect cancer biology [7]. The promising immune-modulatory and antinociceptive 
properties of i.v. lidocaine expand its role beyond the immediate perioperative period 
targeting the prevention of chronic postsurgical pain (CPSP) and the improvement of 
oncological outcomes as well.

In this chapter, the mechanism of action of i.v. lidocaine, its pharmacokinetics, 
pharmacological and clinical considerations of perioperative i.v. lidocaine infu-
sions in terms of their current controversy and future perspectives in the field of 
acute and chronic non-opioid multimodal pain management and beyond will be 
presented.

2. Mechanism of action

2.1 Sodium channels

The primary mechanism of action of i.v. lidocaine is through blockade of 
 voltage-gated sodium channels (VGSCs) leading to reversible block of action 
potential propagation. After a rapid state of depolarization activated VGSCs pass 
to a nonconductive state of inactivation, when VGSCs are closed and not capable 
of opening during a certain period, followed by resting state when VGSCs are 
still closed but capable of opening. Repetitive pulses from afferent fibers with 
a high-frequency abnormal firings produce an additional VGSC block, the so-
called use-dependent block/frequency-dependent block, when the availability of 
VGSC to reopen decline [8, 9]. These different states of VGSC (open, resting, and 
inactivated) have different binding affinity for local anesthetics, and the affinity 
of the inactivated state is the highest [10]. Thus, i.v. lidocaine preferentially binds 
to the inactivated state, thereby enhancing use-dependent block and suppressing 
the high-frequency abnormal firings in injured dorsal root ganglion (DRG) or 
peripheral nerves [11]. The higher the frequency, the more intense the block is. 
The i.v. lidocaine blocks the sodium currents during the resting state of VGSC, the 
so-called tonic block, as well [12].

Ectopic firing could be suppressed by a systemic i.v. dose of lidocaine far below 
that required to inhibit nerve impulse propagation along an uninjured nerve [13]. 
To date, nine isoforms of VGSCs (Nav1.1-Nav1.9) have been identified. The Nav1.8 
channel is approximately five times more sensitive to lidocaine than other VGSC 
isoforms [14]. In addition, in isolated Nav1.8, the half-maximal inhibitory concentra-
tion (IC50) for low-frequency block is 319 μM, whereas its IC50 for high-frequency 
block is 50 μM. This may explain why i.v. lidocaine blocks ectopic activity in injured 
nerves, while normal nociception remains unchanged at the same IC50 values [15]. 
Thus, in vivo, systemic lidocaine suppressed the noxious stimulus evoked discharges 
in dorsal horn-wide dynamic range neurons, while spontaneous action potentials and 
activity induced by non-noxious stimuli remained unchanged [16]. The experimental 
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evidence to date supports the hypothesis that i.v. lidocaine suppresses the ectopic 
firing in injured peripheral nerves, DRG, and dorsal-horn cells. These findings, 
however, could only partially explain the possible mechanisms of i.v. lidocaine inhibi-
tory effect on spontaneous chronic pain in clinical settings. The clinical effects of i.v. 
lidocaine in chronic pain patients outlast its plasma concentrations [17] which points 
to a supra-spinal mechanism as well (such as a specific site of action in the thalamic 
region of the brain [18]), involving targets other than VGSC.

2.2 Calcium channels

The voltage-gated calcium channels (VGCCs) are involved in numerous 
 physiological processes, including neurotransmitter release [19]. Their modulation is 
a potential target in chronic pain control [20]. Experimental data reveal that lidocaine 
inhibits VGCC in a dose- and voltage-dependent manner [21]. However, much higher 
doses (approximately 100-fold higher) of lidocaine are needed in order to inhibit 
VGCC compared to VGSC [22]. Thus, its degree of VGCC blockade is limited [23].

2.3 Potassium channels

The potassium channels are important regulators of membrane resting 
 potential, firing action potentials, and repolarization in neurotransmission [24]. 
Certain types of potassium channels are involved in pain modulation and inflam-
mation, such as voltage-gated potassium channels (VGPCs), voltage-independent 
potassium channels, tandem pore domain potassium channels (2P K+ channels), 
and ATP-sensitive potassium channels. Although the affinity of i.v. lidocaine for 
VGPCs is sixfold lower compared to VGSC, the inhibition of outward potassium 
currents causes partial membrane depolarization and leads to an increased amount 
of sodium channels which in turns are more sensitive to lidocaine. Thus, inhibition 
of outward potassium currents promotes sodium channel inactivation. Lidocaine 
inhibited tandem pore potassium channels at IC50 of 1 mM and voltage-indepen-
dent potassium channels at IC50 of 219 μM [9]. Lidocaine modulates mitochondrial 
adenosine triphosphate (ATP)-sensitive potassium channels and thus reduces 
cytokine-induced cell injury. In an experimental model of incubated vascular 
smooth muscle and endothelial cells, the cell survival improved with increasing 
dosages of lidocaine [25].

2.4 Nonselective cation channels

The nonselective cation channels are members of the transient receptor potential 
(TRP) family of ion channels and play a distinct role in nociception and neurogenic 
inflammation [26–30]. The transient receptor potential vanilloid 1 (TRPV1) and 
ankyrin 1 (TRPA1) channels as typical members of TRP family are expressed on some 
sensory and dorsal root ganglia [31], are interrelated functionally each other [32], and 
are involved into the development and sustainability of chronic pain [33]. Lidocaine 
at concentrations 10–30 mM (> 100 higher than plasma concentrations of i.v. lido-
caine) have a greater inhibitory effect on TRP channels in rodents than in humans 
and may have a desensitizing effect on TRP channels as well [34]. The desensitized 
TRP channels could explain i.v. lidocaine prolonged antinociceptive effects in human 
sural nerve injury, which ameliorate the neuropathic pain well beyond the end of the 
exposure to lidocaine [35].
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2.5 G protein-coupled receptors

The G protein-coupled receptors (GPCRs) consist of a large family of membrane 
proteins, which are of great importance for intra- and intercellular communication 
pathways [36]. After injury, their expression on sensory neurons for signaling pain 
changes considerably [37]. The Gq protein α-subunit (Gαq) plays a significant role 
in pain modulation and inflammation [38, 39] and is a potential target for lidocaine 
antinociceptive and anti-inflammatory modulatory effects. Lidocaine binds with 
the Gαq in certain GPCRs, such as m1 and m3 muscarinic receptors, lysophosphatic 
acid (LPA), platelet-activating factor (PAF), and thromboxane A2 (TXA2) receptors 
[9 = E J Pain 2016 – самата статия] and inhibits their receptor signaling in a revers-
ible and time-dependent manner [40]. Prolonged exposure to lidocaine increased 
the inhibitory potency on m1 and m3 receptors in a biphasic time-dependent 
manner, with initial inhibition followed by enhanced signaling [41]. However, the 
observed Gαq inhibition in experimental settings was at lidocaine concentrations 
much lower than those observed clinically [23]. Lidocaine inhibits LPA and PAF-
mediated priming of human polymorphonuclear neutrophils (hPMN) and thus 
hPMN-mediated tissue injury on the site of inflammation in clinically relevant 
concentrations [42, 43], whereas TXA2 inhibitory concentrations are relatively high 
(IC50 of 1.1 mM) [44].

2.6 N-methyl-D-aspartate receptors

The N-methyl-D-aspartate (NMDA) receptors are heavily involved in excitatory 
neurotransmission and modulation of nociceptive signaling in the dorsal horn, 
contributing to the development of hyperalgesia and allodynia and spinal central 
sensitization [45–47]. Lidocaine inhibits the activation of NMDA receptors in a dose-
dependent manner via an intracellular biding site. Therefore, higher lidocaine doses 
are needed for NMDA receptors blockade (IC50 of 0.8–1.2 mM) [9].

2.7 Glycinergic system

Glycine has a dual role in central nervous system neurotransmission. Depending 
on its extracellular levels, it can be both an obligate inhibitor and an excitatory co-
agonist of NMDA receptors. The glycine levels are regulated by glycine transporter 1 
(GlyT1) and glycine transporter 2 (GlyT2). GlyT1 removes glycine from the synaptic 
cleft, whereas GlyT2 reuptakes glycine into nerve terminals by reloading it into 
synaptic vesicles [48]. During the high-frequency abnormal neuronal activity, glycine 
released from inhibitory inter-neurons escapes from the synaptic cleft, reaches 
nearby NMDA receptors, and stimulates them as an excitatory NMDA receptor 
co-agonist [49]. Lidocaine modulates the glycinergic system in a dose-dependent 
manner. Low-dose lidocaine (10 μM) enhances, whereas high-dose lidocaine (1 mM) 
inhibits glycinergic signaling [50]. In addition, lidocaine metabolites monoethylgly-
cinexylidide (MEGX) and N-ethylglicine (NEG), but not lidocaine itself, inhibit the 
GlyT1 in vitro in clinically relevant concentrations (55 μM) [51]. The i.v. lidocaine 
metabolites are glycine transporter’s substrates that compete with endogenous and 
synaptically released glycine for reuptake and by blocking the reuptake lead to 
increased extracellular and synaptic glycine levels. Thus by facilitating the inhibi-
tory neurotransmission, the systemic lidocaine and its metabolites may produce 
 antihyperalgesia [52].
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2.8 Analgesic and antihyperalgesic properties

The analgesic and antihyperalgesic effect of i.v. lidocaine infusion is obtained 
through inhibition of the VGSCs, VGCCs, various potassium channels, NMDA recep-
tors, glycinergic system, and G protein pathways [9], the mechanism of action of 
which has already been discussed in detail above.

2.9 Anti-inflammatory properties

The neurogenic inflammation is involved into the development and maintenance 
of chronic pain by means of activation of numerous non-neuronal cells such as mono-
cytes, leukocytes, macrophages, lymphocytes, and peripheral or central glial cells 
which play a key role in the release of multiple inflammatory mediators (such as pro-
inflammatory IL-1β, IL-6, IL-8, and TNF-α or anti-inflammatory IL-1Ra and IL-10, 
etc.) [23]. Lidocaine can inhibit leukocytes activation, adhesion, and migration, as 
well as human peripheral polymorphonuclear neutrophils priming (contact of B or T 
cells with and an antigen) and phagocytosis [42, 43, 53]. Furthermore, it can reduce 
the release of inflammatory mediators, such as IL-1β, IL-6, IL-8, TNF-α, the expres-
sion of intercellular molecule-1 (ICAM-1), the release of prostanoids, thromboxanes, 
leukotrienes, and histamine release by human leukocytes, mastocytes, and basophils 
[53, 54]. Animal studies reveal that the anti-inflammatory effects of lidocaine are 
mediated by VGSC, GCPRs, and ATP-sensitive potassium channels [47 = IntechOpen 
pediatric i.v. lidocaine - самата статия]. However, just a few human studies demon-
strate the anti-inflammatory properties of lidocaine in reducing the surgery-induced 
release of pro-inflammatory cytokines IL-1, IL-6, IL-8, and TNF-α [55–58], or the 
TNF-α production in lipopolysaccharide-activated human leukocytes [59].

2.10 Anticancer properties

Laboratory research suggests that perioperative i.v. lidocaine inhibits cancer 
cell behavior and exerts beneficial effects on components of the inflammatory and 
immune responses which are known to affect cancer biology [7]. It could be done 
by using multiple biological pathways, not just by blocking the VGSCs [60]. Several 
potential mechanisms of its antineoplastic properties are suggested (Figure 1).  
Lidocaine could attack directly the cancer cells via many pathways, such as the 
inhibition of nuclear factor-KB (NF-KB), epidermal growth factor receptor (EGRF), 
or Src (oncoprotein tyrosine kinase)-dependent signaling pathway. In addition, i.v. 
lidocaine could modulate the immune cells by enhancing NK cells cytotoxicity or by 
preserving Th1 predominance (from shifting Th1/Th2 balance toward a decrease of 
Th2-dominance, which Th2-dominance protect tumor cells from immune attack). 
Moreover, it could interfere with tumor angiogenesis by inhibiting the hypoxia-
inducible factor (HIF) and the vascular endothelial growth factor (VEGF) signaling 
pathways. And last but not least, i.v. lidocaine possesses anti-inflammatory properties 
which may modulate the pro-cancer effects of surgery-induced stress response by 
inhibiting the expression of pro-inflammatory cytokines (IL-1, IL-6, IL-8, IL-10, 
TNF-α, and IFN-gamma) [7, 61]. In addition, the lidocaine TRPV6 receptor inhibi-
tion [62], the lidocaine dose- and time-dependent demethylation of DNA in differ-
ent cancer cells [63], and the lidocaine VGSCs inhibition in cancer cells [64] are all 
involved in reducing tumor cell invasion and migration. In vitro studies are helpful 
in establishing a multitude of potential underlying mechanisms of i.v. lidocaine 
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anticancer effects, but their findings are not directly transferrable to in vivo settings. 
Preclinical studies usually use human-toxic lidocaine concentrations making their 
results inapplicable to the real clinical settings. In addition, the in vitro model could 
not replicate the tumor cells microenvironment with its complex interactions among 
cells, stroma, and cytokines [7]. Despite the accumulated evidence, different types of 
tumor cells are unique in their behavior, which further limits reaching a consensus on 
the exact anticancer mechanism of action of i.v. lidocaine [54].

3. Pharmacokinetics

I.v. lidocaine displays a rapid onset of action (45–90 seconds after i.v. injection), 
but a very short duration (10–20 min after 50 or 100 mg i.v. boluses) [2, 65]. When 
administered intravenously, lidocaine initially follows distribution in the highly 
vascularized organs of the body, such as the liver, heart, lung, and brain with a large 
volume of distribution of 0.6–4.5 L/kg. Lidocaine metabolism occurs rapidly by the 
cytochrome P450 system in the liver (90% hepatic biotransformation). It undergoes 
oxidative N-deakylation to the metabolites monoethylglycinexylidine (MEGX), 
glycinexylidide (GX), and N-ethylglycine (NEG), all of which possess a glycine 
moiety. MEGX and GX are active metabolites, whereas NEG is inactive. All lidocaine 
metabolites are excreted by the kidneys. About 10% of i.v. lidocaine is excreted 
unchanged by the kidneys as well [47]. Approximately 70% of i.v. lidocaine is bound 
to plasma proteins. Certain clinical conditions can modify the pharmacokinetics of 
lidocaine with impact on the lidocaine half-life, such as chronic hepatic diseases like 
liver cirrhosis where patients require lower doses due to decrease plasma clearance or 
cardiovascular disorders like congestive heart failure where the volume of distribu-
tion and clearance are reduced and patients may require smaller doses as well [8]. The 

Figure 1. 
Potential mechanisms of i.v. lidocaine antineoplastic effects (adapted from [7]).
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elimination of lidocaine usually follows a linear pharmacokinetic model with a half-
life of approximately 1.5–2 hours after bolus or after infusion within 12-hour time 
frame. After 12-hour infusion, lidocaine exerts time-dependent rather than linear 
pharmacokinetic model of elimination and may have a half-life up to 4 hours [65].

4. Safety of i.v. lidocaine administration

The therapeutic plasma concentrations of i.v. lidocaine range from 1.5 to 5 μg/
ml [2]. In normal adults without co-morbidities, a bolus dose of 100 mg i.v. lidocaine 
followed by an infusion at 1 mg/kg/h produces a plasma levels slightly above 1 μg/ml 
[66]. In mainstream clinical practice, the implemented i.v. lidocaine doses for pain 
management are in the range of 1–2 mg/kg/h. This rate of infusion reaches plasma 
levels less than 3–5 μg/ml. Even after a bolus administration of 2 mg/kg and a continu-
ous infusion of 2–5 mg/kg/h, the i.v. lidocaine reaches plasma levels of 1–4 μg/ml. After 
exceeding the upper safety plasma level of 5 μg/ml, the awake patients may exhibit 
signs and symptoms of local anesthetic systemic toxicity (Table 1). Due to the short 
half-life of lidocaine, however, these symptoms of local anesthetic systemic toxicity are 
easily reversible by reducing the rate or stopping the infusion. In the presence of severe 
hepatic dysfunction and renal impairment (impaired lidocaine metabolism and clear-
ance), severe hypoalbuminemia (impaired lidocaine protein binding), severe acidosis 
(increased lidocaine dissociation from plasma proteins), severe cardiac disease, heart 
block, or seizures, there are contraindications to i.v. lidocaine administration [2, 47].

Given the narrow therapeutic index of i.v. lidocaine leading to a high risk of 
reaching toxic plasma levels, the recently published international consensus in the 
field outlined some controversies regarding its intravenous use . The exact dose of 
i.v. lidocaine continues to be debated. The dose should be calculated based on the 
patient’s ideal body weight. Systemic lidocaine should be avoided in patients weighing 
less than 40 kg. The maximum dose for any patients should not exceed 120 mg/h. The 
initial loading (bolus) dose should be a maximum of 1.5 mg/kg initially over 10 min, 

System Signs and symptoms

Central nervous system Anxiety
Dizziness or light-headed
Confusion
Euphoria
Tinnitus
Blurring of vision or diplopia
Nausea and vomiting
Twitching and tremors
Seizures and coma

Cardiovascular Bradycardia
Hypotension
Cardiovascular depression
Cardiac arrest

Respiratory Tachypnea
Respiratory depression
Respiratory arrest

Table 1. 
Signs and symptoms of i.v. lidocaine systemic toxicity.
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followed by a continuous infusion of 1.5 mg/kg/h under ECG, blood pressure, and 
pulse oximetry monitoring [68]. The most commonly reported i.v lidocaine doses in 
clinical settings still range from 1 to 2 mg/kg/h (which probably are too low as could 
be seen from preclinical research above). According to a Cochrane review subgroup 
meta-analysis, an early analgesic effect was only apparent with higher dose (≥ 2 mg/
kg/h) infusion regimens [69]. The optimal i.v. dosage and postoperative duration con-
tinue to be unclear [70], pending the results of the ALLEGRO trial [71]. I.v. lidocaine 
should be postponed if other local anesthetic blocks are applied at the same time. 
It should not be used within 4 hours after implementing local anesthetic interven-
tions (and vice versa). I.v. lidocaine should be administered after considering with 
the patient of its clear benefits over risks, not more than 24 hours and under a high 
dependency unit monitoring . However, according to the other authors, i.v. lidocaine 
could be used outside the high dependency unit setting as well. In the Ottawa hospital 
guidelines, a distinction was made between low-risk patients (American Society 
of Anesthesiology (ASA) class I and II) and high-risk patients (ASA III or above) 
in order to decide which ward for i.v. lidocaine infusion patients required [72]. In 
suitable patients, the postoperative lidocaine infusion could also be applied in surgical 
wards, as long as there is a well-established acute pain service and a clear protocol to 
follow [72].

5. Clinical effectiveness in the management of acute postsurgical pain

Until recently data suggest that i.v. lidocaine in the perioperative period results in 
less postoperative pain and opioid consumption, earlier return of gastro-intestinal 
tract function, and reduced hospital length of stay following abdominal procedures 
[69]. It could be a substitute to epidural for laparoscopic colorectal surgery within 
the ERAS pathways [73, 74]. Similar benefits have been observed after laparoscopic 
abdominal surgery when compared with systemic opioids, but not when compared to 
thoracic epidural analgesia, and especially in the absence of an ERAS program [69, 75, 
76]. The latest revised Cochrane review concludes that the ERAS pathways benefits of 
perioperative i.v. lidocaine on reduction of pain, ileus, and PONV were uncertain due 
to limited quality of evidence [70]. Its conclusions are considered uncertain because 
of the existing heterogeneity of included trials as well. Thus, i.v. lidocaine may not 
always be beneficial in an individual setting given the variety of surgical interests. 
For example, the beneficial effects of i.v. lidocaine on postoperative recovery are of 
great interest to the colorectal surgeons, but probably of less interest to breast or spine 
surgeons [77]. Current evidence suggests that i.v. lidocaine alone may provide suf-
ficient antinociceptive effect in patients undergoing abdominal surgery in addition 
to being an important component of perioperative multimodal analgesia [65]. In this 
context, the Enhanced Recovery After Surgery society guidelines for perioperative 
care in elective colorectal surgery (2019) make strong recommendations for lidocaine 
infusions during colorectal cancer surgery [78]. The following meta-analysis in 
elective colorectal surgery, however, reveals a statistically significant, but clinically 
irrelevant (the IASP criteria) reduction of pain after i.v. lidocaine infusion [79]. The 
less perioperative pain, the more difficult it will be to demonstrate the lidocaine’s ben-
eficial effects. This is supported by the results of a recent RCT which indicate that i.v. 
lidocaine has no significant benefits for patients undergoing robot-assisted colorectal 
surgery, including cumulated morphine consumption at 24 hours or 72 hours after 
the end of surgery [80]. To date, there appears to be limited evidence supporting 
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that lidocaine reduces opioid consumption intraoperatively and in the immediate 
postoperative period in breast and spine surgeries [65, 81]. The same applies to renal 
and orthopedic surgeries. As far as gynecological operations are concerned, there is 
some evidence that lidocaine may reduce intraoperative consumption in laparoscopic 
hysterectomy [82], but there is insufficient evidence to support improved postopera-
tive pain control as a part of perioperative multimodal analgesia or alone [65].

6. Clinical effectiveness in the management of chronic postsurgical pain

Perioperative use of i.v. lidocaine can have a beneficial effect as a prophylactic 
measure to prevent the development of persistent/chronic postsurgical pain (CPSP). 
For breast cancer patients, the i.v. lidocaine infusion decreases the incidence and 
severity of CPSP at 3 months [83, 84] and mastectomy patients have 20 times less 
the relative risk of the occurrence of CPSP than their placebo controls [85]. Similar 
benefits of perioperative i.v. lidocaine are observed after complex spinal surgery [86] 
as well as before spinal surgery in patients with neuropathic radicular pain [87, 88]. 
According to a recent Cochrane review, there is moderate evidence that i.v. lidocaine 
may reduce the risk of developing persistent postsurgical pain 3 to 6 months after 
breast cancer surgery (NNT 3) [89]. Another systematic review and meta-analysis 
on the efficacy and safety of i.v. lidocaine for the prevention of CPSP concludes that 
perioperative lidocaine infusions may reduce the incidence of CPSP between 3 and 
6 months after surgery. The effect size is considerable for both breast and nonbreast 
surgical procedures, indicating that for every five patients exposed to lidocaine, at 
least one will be spared the development of CPSP, an absolute risk reduction about 
22% (OR 0.29, 95% CI 0.18-0.48) [90]. The authors described their meta-analysis as 
a hypothesis-generating project to stimulate future research [91]. The next system-
atic review corroborates that i.v. lidocaine seems to decrease the incidence of CPSP. 
However, given the limited evidence, more trials are necessary to define its efficacy 
and safety [92]. This gap for more strong evidence was partly filled by two recent 
randomized controlled trials. The first RCT reveals that perioperative lidocaine infu-
sion reduces the incidence of CPSP at 3 months after radical gastrointestinal tumor 
surgery [93], whereas the second one confirms that intraoperative lidocaine infusion 
reduces the incidence of CPSP in breast cancer surgery at 3 and 6 months and is effec-
tive in relieving acute postoperative pain [94].

7.  Clinical effectiveness in the prevention of postoperative cancer 
recurrence

As has been described above, lidocaine has promising anticancer properties. There 
is strong in vitro evidence of its protective effect on cancer recurrence. However, 
there are limited relevant clinical findings in the field. To date, only three recent 
retrospective clinical studies have shown an association between i.v. lidocaine infusion 
and improved outcomes after cancer surgery. The first covered 2239 patients who 
underwent resection of pancreatic carcinomas and found that those who received 
perioperative i.v. lidocaine had significantly better overall survival at 1 and 3 years, 
although disease-free survival was unaffected [95]. The second covered 144 patients 
who underwent radical cystectomy for bladder cancer and revealed that those who 
received intraoperative i.v. lidocaine (after the implementation of the specially 
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designed urological ERAS protocol) had significantly higher overall survival and 
lower incidence of cancer recurrence after 2-year follow-up compared to patients 
who did not received lidocaine [96]. The third covered 702 patients who underwent 
primary debulking surgery for ovarian cancer and showed that those who received 
intraoperative i.v. lidocaine had significantly prolonged overall survival and disease-
free survival at 3 and 5 years after surgery [97]. Finally, focusing on the effect of 
implementation of ERAS protocol on 3-year survival after colorectal cancer surgery 
(with a strong recommendation, grade 1(+), for i.v. lidocaine as an integral part of the 
protocol [74]), the ERAS was associated with better 3-year survival and was identi-
fied as an independent protective factor with a 30% reduction in the risk of death (HR 
0.70, 95% CI 0.55-090) [98]. It may be speculated that the strong modulation of the 
surgical stress response associated with the implemented ERAS protocol, rather than 
the adjuvant lidocaine therein, most likely led to the observed survival benefits.

8. Summary and future perspectives

Lidocaine is increasingly used by anesthesiologists as an intravenous adjunct to 
general anesthesia due to its anti-inflammatory, antinociceptive, and opioid-sparing 
characteristics [99]. Intraoperatively, it could be used as alternative of regional 
analgesia in the case of contraindication or failed epidural analgesia, in laparoscopic 
surgery or trauma with multiple significant injuries, and especially as a part of ERAS 
protocols. The application of i.v. lidocaine may also be continued postoperatively, 
usually up to 24 hours, in the setting of inadequate or failed epidural analgesia, in 
conversion from laparoscopic to open surgery, and for the prevention or treatment 
of postoperative ileus [72]. I.v. lidocaine is a useful option in the prevention and/or 
treatment of acute hyperalgesia, such as in surgery at a site of chronic pain (spine 
surgery, limb amputations) or in previous experience of poorly controlled pain, 
such as in patients who are already on high doses of opioids, intolerant of opioids, 
and those who are at high risk of chronic postoperative pain [67, 72]. Outside of 
the context of acute perioperative pain management, future research is needed to 
explore whether the anti-inflammatory and natural killer cell effects of i.v. lidocaine 
result in improved oncological outcomes [79]. The question of whether i.v. lidocaine 
has clinically relevant influence on postoperative cancer surgery outcomes can only 
be answered by well-designed RCTs. Two ongoing trials, VAPOR-C and ALLEGRO, 
have oncology outcomes included as primary, secondary, or tertiary end points, 
which when completed, would partially fill the gap [7, 71]. The upcoming role 
for intravenous lidocaine in oncosurgery might shift its place from a second-line 
non-opioid adjuvant to a first-line option in the context of improving oncological 
outcomes [100].
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Chapter 7

Perspective Chapter:
Interdisciplinary Pain
Rehabilitation Programs – Evidence
and Clinical Real-World Results
Björn Gerdle, Marcelo Rivano Fischer and Åsa Ringqvist

Abstract

Chronic pain conditions are influenced by and interact with physical,
psychological, social, and contextual factors. These conditions are associated with
psychological distress, poor health, sick leave, and high socio-economic costs.
Therefore, modern clinical practice applies a biopsychosocial (BPS) framework.
Interdisciplinary pain rehabilitation programs (IPRPs) for chronic pain distinguish
themselves as well-coordinated complex interventions. This chapter describes the
contents of such programs. We will briefly review the evidence for IPRPs and discuss
problems when evaluating these complex interventions. Furthermore, we will report
practice-based results from a large Swedish pain registry—the Swedish Quality
Registry for Pain Rehabilitation (SQRP). The SQRP collects data from a relevant
special clinical department in Sweden—i.e., real-life outcomes will be depicted.
Characteristics of patients that benefit the most from IPRPs will be described and
discussed. The indications for IPRPs will also be presented. Finally, we will discuss
how to improve rehabilitation for chronic pain patients.

Keywords: complex, chronic pain, interdisciplinary, multimodal, outcome,
rehabilitation

1. Introduction

Today, there is no controversy about considering acute and chronic pain based on a
foundation of neurobiology influenced by and interacting with biological, psycholog-
ical, and social/contextual factors [1–3]. Hence, modern clinical practice applies a
biopsychosocial (BPS) framework in assessments and treatments [4, 5]. This approach
is the result of developments that have occurred over the past 70 years.

Units dedicated to treat pain were developed in the USA based on physicians’
experiences with chronic pain in soldiers during and after World War Two. During this
period, surgeons and anaesthesiologists attempted to alleviate both chronic and acute
pain mainly using blockades and local anaesthesia [6]. Later, this type of unit expanded
into Europe and Sweden. The first multidisciplinary pain clinic opened in the 1960s as a
development of the pain clinic founded by John Bonica in the 1950s at the University of
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Washington in Seattle (USA) [7]. Bonica realised that patients with complex pain
problems were not helped by single specialties, and during the 1950s he brought neu-
rosurgeons, psychiatrists, and anaesthesiologists to his clinic. In 1959, Wilbert Fordyce,
a psychologist hired by the Department of Physical Medicine and Rehabilitation at the
same hospital, became interested in applying behavioural strategies in the assessments
and treatments of chronic pain. Their collaboration led to the incorporation of psychol-
ogists in pain clinics and later other health care providers trained in different but related
areas [6]. Bonica also led an international initiative that resulted in the formation of an
association of researchers and clinicians dedicated to the understanding and treatment
of pain (International Association for the Study of Pain, IASP).

In 1982, Fordyce’s psychological program and Bonica’s pain clinic merged under the
direction of John Loeser [6]. Under this new arrangement, patients were evaluated and
treated by teams, and the BPS model started to be used in pain programs. These early
programs had to deal with medication problems and addiction, so inpatient treatment
became the standard. During the 1970s, the number of multidisciplinary pain clinics
following the example of Seattle’s clinic grew in the USA and later in Australia, New
Zealand, and Europe. During the 1980s, psychologists began to add cognitive treatment
strategies to the programs, which opened up treatment to a broader mix of patients. By
1990, cognitive-behavioural pain management programs were widespread and became
the golden standard of care. During the 1980s and the 1990s, many studies focused on
interdisciplinary pain programs (IPRPs), and new theories were launched [6, 8, 9].

The positive development in the USA slowed down at the beginning of 2000, and
most units offering IPRPs closed their operations in the following decade, except for
units in the Department of Veterans Affairs (VA). The Commission for the Accredi-
tation of Rehabilitation Facilities (CARF) offers a specific set of standards that
emphasise the interdisciplinary setting and the BPS model for the treatment of chronic
pain. As the CARF standards remained focused on the BPS framework, the number of
accredited programs illustrates the development in the USA. In 1998, there were 205
accredited chronic pain programs in the USA. By 2004, the number decreased to 125,
11 of which were VA programs [6]. These programs, excluding the VA IPRPs,
decreased to 63 in 2010, 53 in 2015, and 32 in 2020 (Carolan Terrence, CARF, personal
communication). However, outside the USA, the development has gone in the oppo-
site direction. By the end of 1990 outside the USA, fewer than five tertiary pain units
with CARF accredited pain programs were in operation; however, by 2021, this
number had increased to 140 (CARF, personal communication). According to many
reports, the decline in the USA was due to opioid use as a medication for chronic pain,
but this approach, as the result of the opioid pandemic, is currently being replaced by
initiatives to re-start IPRP.

Both evidence and clinical practice guided the development of how to face the
problem of chronic pain—from viewing chronic pain as a symptom of underlying
causes to viewing chronic pain as a dysfunction (i.e., from a biomedical approach to a
biopsychosocial approach). Therefore, treatments have evolved from
monodisciplinary to multidisciplinary treatments and from multidisciplinary
treatments to interdisciplinary programs.

During the 1970s and 1980s, the novel approaches to chronic pain developed
slowly in Sweden. As new methods and treatments were developed, national guide-
lines for chronic pain treatment were warranted. In 1994, an expert group formed by
the Swedish National Board of Health and Welfare summarised the recommendations
for treatment of chronic pain based on the International Association for the Study of
Pain (IASP) guidelines and available evidence at the time. In 2006 and 2010, two
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compilations of evidence for chronic pain treatments, commissioned by the Swedish
Agency for Health Technology Assessment and Assessment of Social Services (SBU;
see below), confirmed the conclusions of the 1994 report about appropriate methods
and lack of evidence for methods still being used. In the 2006 and 2010 reports, one
method was singled out as an evidence-based approach, the IPRP. These reports
contributed to a governmental decision to financially support the development of
IPRPs throughout Sweden. During this period, a registry for pain rehabilitation was
formed through an initiative of the professions with the aim to analyse outcomes of
pain rehabilitation. The registry with the support of the affiliated units and the
national organisation of county councils (SKL) developed into a national quality
registry that included all tertiary pain rehabilitation units as well as units operating at
the primary care level.

2. Indications for IPRP

In clinical practise, patients with complex chronic pain conditions with difficulties
coping with their condition in daily life are referred to an IPRP. These patients’ ability
to cope with their pain can be compromised by co-morbidities and/or their work
situation. Often, these patients have tried monodisciplinary interventions and/or
pharmacological treatments without marked improvements. The Swedish guidelines
regarding indications for IPRP, which have been approved by several authorities and
professional organisations, recommend that IPRP be offered to chronic pain patients
with complex clinical presentations and when monodisciplinary interventions have
not been effective [10].

In 2011, the IASP stated in the Declaration Montreal that ‘access to pain manage-
ment is a fundamental human right’ [11]. This humanitarian approach is important;
however, availability to IPRP is scarce, as mentioned above, in several parts of the
world, and chronic pain is common in the general population—approximately 20% of
the European and North American population has a significant chronic pain condition
[12, 13]. In addition, as many patients with chronic pain rarely seek health care
services, these patients seem to have adapted to their pain condition to lead lives with
minor consequences to their function and well-being. This needs to be considered as
IPRP is costly interventions in the short run and patients need to be fully invested in
the process and very possibly have a sense of urgency to benefit from treatment and
be motivated to engage in behavioural and cognitive change. The motivation to
behavioural and cognitive change is fundamental as an indication for IPRP. For IPRP
to be used with an ethical and humanitarian perspective, it needs to prioritise indi-
viduals who suffer from substantial consequences of their chronic pain condition
regarding function, social, and/or psychological well-being.

3. Basic contents of IPRP

The idea of treating chronic diseases with a broader approach than the biomedical
approach was first launched by Engel in a biopsychosocial (BPS) model for the treat-
ment of diseases, especially chronic diseases [14]. The model emphasises the mutual
interactions between biological, psychological, and experiential or social factors that
impact people’s perceptions of their overall health. This model lies at the core of the
multidisciplinary and interdisciplinary approaches to the treatment of chronic pain.
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Similarities and differences between these approaches are described in detail else-
where [7]. Although both rely on the BPS model, they differ regarding whether the
goals of the professionals are integrated, whether professionals work collaboratively in
teams, and whether their treatments are provided simultaneously or sequentially
[9, 15]. The interdisciplinary treatment, which is based on the BPS approach [1], is the
standard treatment used in IPRPs. According to IASP, interdisciplinary treatment is a:

Multimodal treatment provided by a multidisciplinary team collaborating in assess-
ment and treatment using a shared biopsychosocial model and goals.

For example: the prescription of an anti-depressant by a physician alongside exercise
treatment from a physiotherapist, and cognitive behavioural treatment by a psycholo-
gist, all working closely together with regular team meetings (face to face or online),
agreement on diagnosis, therapeutic aims and plans for treatment and review1.

The programs usually include experts working in an integrated manner with
physical, social, psychological, and medical aspects to diminish the consequences of
chronic pain in these or other areas [7, 16]. The principal components of IPRP are as
follows:

1.a team assessment of the chronic pain problem and its consequences;

2. the establishment of a treatment plan, including interventions by different
professions with goals to be achieved during the program;

3.communication between team members and between the team, the patient, and
significant others;

4.deliveries of the different synchronised interventions of IPRP;

5.evaluation of the interventions;

6.documentation; and

7.a discharge process, including interaction with other stakeholders.

Other researchers have also identified the same content [17]. Although the areas
covered by the interdisciplinary programs are well described elsewhere, there are very
few descriptions of the interventions used in clinical practice in IPRPs, usually
describing the interventions used in specific centres, such as Mayo Clinic or Chicago
University Hospital [16]. In Sweden, it is possible to gather information on the inter-
ventions used in clinical practice from most of the IPRPs affiliated with the Swedish
National Registry. Of the 39 affiliated units, 31 were included [18]. The usual contents
of IPRP described by Swedish units are as follows:

1.dialogue and education (e.g., education, training in wellness and healthy living
habits, meetings with families, video feedback, and couples therapy) and

1 From Terminology|International Association for the Study of Pain (iasp-pain.org).

96

Pain Management – From Acute to Chronic and Beyond



self-training (e.g., home lessons, activity diary, physical self-training, reflection
time, and self-analysis);

2.activity training (activity training, graded activity training, and exposure
training);

3.meetings (conferences with patients, rehabilitation team, vocational guidance,
rehabilitation coordinator, goal-setting meetings, and meetings to check goal
achievement);

4.cognitive behavioural therapy, other psychological treatments (e.g., supervised
group therapy, pain or a stress coping course, psychological and social aspects,
post-traumatic stress disorder (PTSD) treatment, and psychodynamic methods)
and Acceptance and Commitment Therapy (ACT) (e.g., goal compass, training
in ACT principles, and mindfulness);

5.relaxation techniques; and

6.physical exercise.

Only 14 of 31 programs reported using interventions in the workplace. All
programs reported having follow-ups (1-year follow-up by mail or at the unit for
completing the registry’s questionnaires). Usually, extra follow-up meetings were
scheduled two to three months after discharge from rehabilitation (21 of 31 units).

The optimal composition of IPRP with respect to length, contacts with therapists,
and intensity are insufficiently known according to a systematic review (SR) [19] and
a meta-analysis (MA) [20]. The former concluded that because dose variables were
not investigated separately in the RCTs, the reviewers could not disentangle the
interrelationships between dose, content, and effects of IPRP on disability, work, and
quality of life. Similarly, a longitudinal study of IPRP dosage (i.e., duration) could not
establish an optimal dosage [21].

4. The general and specific goals of IPRP

Generally, IPRP goals include improving important outcomes (4,5). There are
several simultaneous general goals to be considered—decreased pain intensity and
increased mental health; increased participation in work/studies and social life; and
increased health and quality of life. These general goals are combined with the specific
goals of the individual with chronic pain. Thus, goals should ideally be set at the level
of the individual, the rehabilitation teams, and the socio-economic constraints. The
latter is essential since IRRPs historically have been financial failures. For IRRP to
prosper and receive funding, the considerable socio-economic costs of chronic pain
need to be considered. Goals, such as return to work/studies and decrease in medica-
tion use, health care use, and surgery, will in the long run also benefit the individual
move towards an active, independent lifestyle.

As chronic pain is a complex experience with possible adverse effects on function
and social and psychological well-being, goal setting should include several aspects
and involve a BPS perspective. The general goals for IPRPs are mentioned above. In
addition to these goals, there is an increasing emphasis on cognitive areas that could
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mediate positive changes, such as catastrophizing, acceptance of the pain condition,
avoidance of activity due to unrealistic concerns about harm, and expectations of pain
treatment [22].

Researchers have debated whether pain intensity aspects should be amongst the
main outcomes of pain treatments included in IPRP [23–26]. Many patients consider
reducing pain to be the most important aspect of treatments with respect to regaining
a normal lifestyle; however, changing this view is considered an intrinsic component
of IPRP. Many chronic pain patients eligible for IPRP have experienced how short-
sighted attempts to control only pain intensity can lead to vicious cycles of increased
physical and psychological disability and reduced quality of life. Thus, many IPRPs
have largely adopted the idea of introducing acceptance as a cornerstone of the
psychological component of IPRP (i.e., the willingness to experience pain as it is) and
encouraging patients to set up activity-related rehabilitation goals and to risk initial
pain flare-ups. This means that patients are advised against establishing pain reduc-
tion as the only or the most important goal. Paradoxically, in the long run, pain
reduction is one of the more robust results of IPRP [27]. Nevertheless, in traditional
CBT, a cornerstone and mainstream in IRPs, an array of strategies is presented,
strategies that target the consequences of pain with non-pharmaceutical techniques
for pain control.

The process of goal setting is vital and fundamental both for the individual and the
team as goal setting has been shown to promote greater behavioural change across a
wide range of behaviours [28]. At the individual level, a thorough assessment that is
communicated to the patient and a collaborative goal-setting process will increase
engagement and adherence to treatment. In addition, the rehabilitation team will
benefit from formulating common goals for treatment, reviewing results, and
improving plans to stay engaged and to be flexible. The latter should constitute an
important goal for the team as role models for patients. Often, the goal is to attain
goals that are SMART—i.e., Specified, Measurable, Attractive, Realistic, and Time-
limited [29, 30]. However, possibly the most important quality for goals is to be
personalised and agreed upon by the patient. The team should strive for a collabora-
tive approach but must always bear in mind that the patient is in a more vulnerable
position and might easily give in to goals that might, for example, not feel relevant or
feel too demanding. Motivational Interviewing (MI) can be used to discover a patient’s
motivation for a specific goal when a patient finds it difficult to specify goals. Patients
are often more focused on avoiding unpleasant experiences and frequently the main
wish of the patient is to be free of pain. As such, the goal-setting can constitute an
acceptance of intervention as it models how to focus on the attainable and let go of the
difficult to achieve a goal—i.e., pain relief.

Nevertheless, the SMART model for goal setting has lately been challenged by
Acceptance and Commitment Therapy (ACT), the third wave CBT. ACT, which has
increasingly been introduced in IRRP, emphasises identifying important values and
not primarily setting specified, time-limited goals. However, the SMART model can
be used as a step towards identifying important values.

5. Consensus approaches to identify relevant domains and variables in
IPRPs

The variety of interventions used at most IPRPs in a single country [18] is in itself a
challenge when it comes to measuring the outcomes of IPRPs delivered in clinical
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settings. Nevertheless, the areas addressed correspond to the areas proposed by the
BPS model. In addition to the variety of interventions within IPRPs, many tools have
been used both by researchers and clinicians to assess patients and to measure IPRP
outcomes. Two well-known initiatives to bring consensus into the areas of evaluating
clinical trials, including IPRP are the Initiative on Methods, Measurement, and Pain
Assessment in Clinical Trials (IMMPACT) [4, 31] and the validation and application
of a patient-relevant core set of outcome domains to assess multimodal PAIN therapy
(VAPAIN) initiatives (Table 1) [32].

IMMPACT identifies relevant outcome domains for clinical studies and proposes
reliable measurement tools for the study of treatments of chronic pain, including all
possible modalities and approaches. IMMPACT has resulted in several studies evalu-
ating clinical treatments. VAPAIN specifically targets IPRPs. These initiatives have
some overlapping domains that are included in clinical trials (Table 1). VAPAINs
focused on IPRPs led to the addition of two domains considered critical when the
treatment is interdisciplinary—productivity and patient satisfaction with social roles
and activities. VAPAIN renamed certain domains and extended their scope (e.g., the
more inclusive ‘emotional well-being’ rather than ‘emotional function’).

A different approach taken by a Canadian research group focuses on the variables
of interest for health care providers and the variables of interest for patients,
according to lists of parameters from the Patient-Reported Outcomes Measurement
Information System (PROMIS), the International Classification of Functioning, Dis-
ability and Health (ICF), and current guidelines [33]. Here, the initiative was to
identify the set of variables that are important to both providers and patients. They
triangulated the ICF and the PROMIS frameworks with the perspectives (both the
patients’ and clinicians’ perspectives) and found a common list of ten variables—pain
interference, pain intensity, physical function, sleep disturbance, anxiety, depression,
ability to participate in social roles and activities, fatigue, sleep-related impairments,
and self-efficacy. The authors conclude that these variables mirror the BPS model
covering the physical, psychological, and social consequences of chronic pain on an
individual’s life both from the perspective of people with chronic pain and the
perspective of health care providers.

IMMPACT’s domains VAPAIN’s domains

Pain Pain intensity and frequency

Emotional function Emotional well-being

Physical function Physical activity

Productivity

Satisfaction with social roles and
activities

Self-evaluation on overall improvement and satisfaction with the
intervention

Patient’s perception of achieved
treatments goals

Symptom and side-effects of intervention

Participant disposition (including participation and
discontinuation of participation)

Reasons for discontinuation of
treatment

Table 1.
Domains of IMMPACT and VAPAIN.
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6. How to evaluate the complex IPRP intervention

There is a need to develop clinically applicable, standardised, and accepted ways to
evaluate IPRP. IPRP is a complex intervention with several general goals (see above)
and is delivered by an interdisciplinary team of professionals in close collaboration
with the patient and considering the patient’s specific goals. This is entirely different
from a pharmacological intervention, which aims to alter a biochemical process to
decrease pain intensity (Figure 1). In fact, an IPRP tries to influence several levels,
including the behaviours of the patient with chronic pain. Hence, in clinical practice,
there are several outcomes and to make things, even more, complicated the important
goals for the individual patients may differ. Due to these circumstances, the concept
of one or two primary outcomes and a few secondary outcomes applied in pharmaco-
logical randomised controlled trials (RCTs) do not reflect the complexity of IPRP. In a
systematic review (SR) by SBU, the included RCTs on average had nine outcome
variables and the variables were seldom divided into primary and secondary out-
comes [23].

The evaluation of complex interventions, such as IPRP is not clear-cut [34]. Clin-
ically applicable, standardised, and accepted ways to evaluate the multiple outcomes
of IPRP in individual patients clinically and in trials, SRs/meta-analysis (MAs) and
observational studies are lacking. If the changes in outcomes are intercorrelated (they
often are, see below), it may be problematic to evaluate the outcome measures sepa-
rately as sometimes is done [35]. In contrast, SBU defined a positive outcome of an
RCT when the majority of outcomes were significantly better for the control interven-
tion [23, 36]. Another approach was chosen by a group of reviewers [37]. They
predetermined primary and secondary outcomes and what was necessary to classify an
intervention as positive before reviewing the RCTs. Recently, we suggested how
simultaneous goals can be handled using scores from Principal Component Analysis
(PCA) in RCTs and observational studies [27]. For fibromyalgia, OMERACT2 and

Figure 1.
The complexity of IPRP versus a pharmacological intervention.

2 An international, informally-organized network initiated in 1992 aimed at improving outcome

measurement in rheumatology.
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others have suggested preliminary responder criteria based on several variables
[38–40]. A similar approach that defines a total improvement variable based on the
dichotomizing six variables was used by Grimby-Ekman et al. [41].

Because evaluations of several outcomes often raise an issue of multiple compari-
sons, Bonferroni corrections may be recommended [42, 43]. This is a conservative
approach when the number of tests increases and can reduce the chances to detect real
treatment effects [42, 44, 45]. Moreover, such corrections are intended for corrections
of independent comparisons [44]; however, this situation is not present when evaluat-
ing the outcomes of IPRPs. Hierarchical or ‘gatekeeping’ procedures that do not
require adjustment for multiplicity have been presented [43], but a natural hierarchy
of outcomes must be present. Outcomes may be combined into a single composite
outcome [46], but this may be problematic with respect to missing values for different
variables and when the components of the composite endpoint are measured on
different scales such as non-commensurate outcomes [46]. Multivariate methods that
can handle non-commensurate outcomes in one analysis have been presented [46]. In
studies from the Swedish Quality Registry for Pain Rehabilitation (SQRP, reported
below), advanced multivariate methods such as PCA and Orthogonal Partial Least
Square regression have been applied and can handle non-commensurate outcomes in
one analysis.

7. Evidence according to systematic reviews

The available SRs and MAs indicate that IPRP is an evidence-based intervention.
Table 2 lists and briefly describes the results of available SRs and MAs based on only
RCTs according to Dragioti et al.’s [47] search strategy.

SRs and MAs using several simultaneous outcomes report positive outcomes for
IPRP for chronic pain conditions [23, 35–37, 48, 49, 52, 53, 55]. Studies using overall
assessments of outcomes and therefore considering that IPRP is a complex intervention
agree that IPRP has positive outcomes with moderate to strong evidence [23, 36, 37].
There is no consensus regarding the duration of the effects after IPRP (follow-up time)
[23, 35–37, 48, 52–55]. When outcome variables are evaluated independently, the
outcomes associated with positive effects differ across studies [50, 53, 56–58]. Articles
reporting results for fibromyalgia separately reported positive outcomes for IPRP.
However, both evidence levels and follow-up periods (short, medium, or long term)
differed [23, 36, 37, 52, 58]. The conclusions regarding the effects of IPRP on vocational
variables, such as return to work (RTW) and sick leave were heterogenous according
to these reviews [23, 35, 36, 48–51].

The authors of these reviews identify several problems and limitations. Most SRs
report that there is heterogeneity in study settings, interventions, and control groups.
It is difficult to compare the patient groups included in the identified RCTs since there
is no internationally accepted way to describe the patient groups. In addition, the
number of comorbidities and duration of sick leave can differ, and external factors,
such as the social security situation can differ considerably across studies from differ-
ent countries and years. Some of the variables suggested by IMMPACT and VAPAIN
can be useful for the development of a standardised set of variables that can be used to
describe chronic pain patient cohorts [4, 31, 32]. Moreover, because there is no
internationally accepted definition of IPRP, authors of SRs and MAs must create their
own operational definitions to identify the relevant RCTs. In the quality assessments
of RCTs, the issue of blinding might be problematic, and IPRP studies may be
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First author,
year, and
reference

Type Patients No. of
RCTs*

Main results and comments

Nielson 2001
[48]

SR CP with separate
analysis for CLBP,
FM, and other

21 • IPRP is effective in CLBP conditions in
intermediate to long-term – moderate evidence.

• Contradictory for RTW in CLBP.
• IPRP is effective in other pain conditions in the

short to intermediate term – moderate evidence.

Guzman 2002
[49]

SR
+MA

CLBP 10 • Strong evidence that IPRP improved function
compared with inpatient or outpatient non-
multidisciplinary treatments.

• Contradictory for vocational outcomes (RTW)
in CLBP.

SBU 2006
[23]

SR CP with separate
analysis for FM

46 • Strong evidence that IPRP in long term has
better overall results in CP than less intensive
interventions.

• Strong evidence that IPRP is associated with
positive effects upon RTW and sick leave in long
term.

• Moderate evidence that IPRP in long term has
better overall results in FM than less intensive
interventions.

van Geen
2007 [50]

SR CLBP 10 • A positive effect of IPRP on work participation
and quality of life in the long term.

• No long-term effects on pain and functional
status.

Scascighini
2008 [37]

SR CP with separate
analyses for CBLP
and FM

36 • Compared to non-multidisciplinary control,
moderate evidence of higher effectiveness for
IPRP.

• Compared to no treatment or TAU, strong
evidence of higher effectiveness for IPRP in CP;
for CBLP and FM, moderate evidence.

• No evidence that a special kind, duration, or
setting of IPRP was superior to any of the other
study regimens.

Norlund
2009 [51]

SR
+MA

CLBP 7 • For the Scandinavian studies (n=5), the effects
on RTW had clinical relevance.

Häuser 2009
[52]

SR
+MA

FM 9 • Strong evidence that IPRP has beneficial short-
term effects on the key symptoms of FM.

• Strong evidence that the positive effects on key
symptoms decline with time.

SBU 2010
[36]

SR CP with separate
analyses for CLBP
and FM

Partial update of 2006 SBU**

• Moderate evidence that IPRP in the long term
has better overall results in chronic back pain
(neck, shoulder, and low back together) than
less intensive interventions.

• Moderate evidence that IPRP in the long term
has better overall results in CBLP than less
intensive interventions.

• Lack of studies for only chronic neck and
shoulder pain.

• Moderate evidence that IPRP in the long term
has better overall results in generalised pain
(FM) than less intensive interventions.
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classified with lower quality since it is impossible to blind IPRP for patients. Different
results in the reviews might also depend on the specific criteria for inclusion and the
fact that parts of reviews are based on judgements of researchers.

First author,
year, and
reference

Type Patients No. of
RCTs*

Main results and comments

• Low evidence that IPRP improves RTW/sick
leave compared to less intensive interventions.

van
Middelkoop
2011 [53]

SR
+MA

CLBP 83 • IPRP was found to reduce pain intensity and
disability at short-term follow-up compared to
no treatment/WLC.

• There was moderate evidence for not finding an
effect on disability and long-term outcomes.

Kamper 2014
[35]

SR
+MA

CBLP 41 • IPRP is more effective than TAU (moderate
evidence) and physical treatments (low-quality
evidence) in decreasing pain and disability in
long term.

• For work outcomes, IPRP was more effective
than physical treatment but not more effective
than TAU.

Gianola 2018
[54]

SR
+MA

CBLP 22 Partial reanalyses of Kamper et al.’s review [35]
using minimal important differences units (MIDs).
Using this approach, they concluded that IPRP led
to improvements in an appreciable number of
patients in the short- and medium-term after IPRP.
In the long term, IPRP probably had little or no
benefit for most patients.

Casey 2020
[55]

SR
+MA

CP 27 • For pain intensity and disability, IPRP the effects
(low-quality evidence) were better than active
physical interventions at the short-term and
long-term but not the medium-term follow-up.

Martinez-
Calderon
2020 [56]

SR
+MA

CP 60 Investigates the outcome pain self-efficacy.
• IPRP improved pain self-efficacy with small

effects at the short-term, medium-term, and
long-term follow-up (low-quality evidence).

Martinez-
Calderon
2020 [57]

SR CLBP 61 Investigates outcomes of fear.
• IPRP reduced kinesiophobia (moderate

evidence).
• IPRP altered fear-avoidance beliefs (very low

evidence).

Martinez-
Calderon
2021 [58]

SR FM 12 Investigates the outcome of pain-related fear.
• IPRP reduced kinesiophobia (very low

evidence).
*Not all RCTs may be used for the analyses of IPRP outcomes.
**Note that GRADE was used in the 2010 SBU report but not in the 2006 SBU report.
SR = Systematic Review with narrative synthesis of data; MA = Meta-Analysis; RCT = Randomised Controlled Trial;
IPRP = Interdisciplinary Pain Rehabilitation; CLBP = chronic low back pain; FM = fibromyalgia; CP = non-specific
chronic pain conditions; TAU = treatment as usual; and WLC = waiting list controls.

Table 2.
Brief conclusions from Systematic Reviews (SR) and Meta-Analyses (MA) of IPRP identified using Dragioti
et al.’s search strategy [47].
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8. Why registry studies?

The results from RCTs, SRs, and MAs must be confirmed in real-life consecutive
flow of patients in clinical settings. Direct clinical application of the results from RCTs
is not suitable in all situations as these studies might be associated with bias and the
patients investigated in RCTs might not represent real-world patients (i.e., insuffi-
cient external validity) [59]. Hence, the results from RCTs and SRs must be confirmed
in real-life settings, for example, using registry data. This methodology is labelled
practice-based evidence (PBE) and has been applied in rehabilitation research [60]. An
increasing interest in such clinical registries is noted and the International Association
for the Study of Pain (IASP) has a special interest group (Pain Registries SIG), which
is designed to further increase the interest for evaluating real-world data.

Most real-world observational evaluations of IPRP are based on within-group
analyses over time. However, such observational studies are often associated with
bias. Creating an objection-free control group in clinical practice in association with
registries of IPRP is ethically, economically, and practically impossible. To date,
attempts using other types of registries for creating a control group have not been
successful [61]. Fortunately, methods have been developed that emulate
randomisations based on observational data, which allows comparisons between
interventions [62]. Target trial emulations are increasingly applied (e.g., in clinical
pharmacology, oncology, cardiovascular diseases, critical care, and rheumatology)
and can under appropriate circumstances give valid effect estimations compared to
RCTs [63, 64]. When target trial emulations can be adequately performed, they
generally yield stronger evidence than other types of observational research designs
[63]. However, these are not simple methods or without limitations and biases
[65–67]. Although criticised, a first attempt has been made that focuses on sick leave
associated with IPRP using data from the SQRP (see below) [68]. If further research
and refinements of registries covering IPRP conclude that this methodology is appli-
cable, it would be a great advantage. It would further increase the importance of
registries for improving the clinical results of IPRP and other complex interventions
for patients with serious chronic pain conditions.

9. The Swedish Quality Registry for Pain Rehabilitation (SQRP) and its
goals

9.1 Why a registry?

There are usually two approaches to building a registry, and both influence the
architecture and content of the registry. Registries are either built to answer research
questions or to provide clinical evaluations to providers at each site. SQRP was built
primarily around the second approach. The initiative to start SQRP was taken within
the professionals’ network, the decision made by the leadership of the units delivering
IPRP around 1997. Since its inception, in 1998, the registry has addressed the descrip-
tion of what was being offered at the clinical settings, the overall situation of the
patients being admitted, and the changes reported in the included instruments at
discharge and 1-year follow-up. Therefore, the SQRP has always worked very closely
with the clinicians providing treatment as they are a source of knowledge to be used in
the assessment of patients and the evaluation of their progress in the programs as well
as describe data at the organization’s level. The general goals are given in Table 3.
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The registry aims to highlight data on structure, processes, and outcomes. Out-
comes are retrieved at the individual, group, unit, and national levels (Table 4).

Every year SQRP follows how the registry is used at the clinical level and promotes
plans for improvements. Examples of improvement work, using measures of the
registry (according to answers to the 2019 survey) are presented in Table 5.

9.2 Variables and instruments included in the SQRP in 2021

An overview of the variables and instruments included in the registry (2021) is
presented in Table 6. Hence, SQRP is mainly a patient-reported registry, including
mostly patient-related outcome measures (PROM data) as well as patient-related
evaluation measures (PREM data). The PREM variables concern satisfaction with
reception/encounter, the site information, degree of participation in the rehabilitation
plan, teamwork, and family participation in the program.

• Develop and secure the quality of care

• Compare outcomes at group level between the Swedish units

• Allow for the participating units to follow-up on their delivery of care

• Based on adequate comparisons with other units, facilitate discussions about improvement plans and
practices within each unit

Table 3.
General goals of SQRP.

Structure

Type of intervention

Only screening/pain analysis

IPRP

Other interventions

Number of registrations

Process

Time

Reasons for discharge

Results

Level of the individual (patient profile and reports)

Level of the unit (group reports)

Level of the country (yearly reports)

Discharge R 1

One-year follow-up R 2

Analysis (optional) R 3

Analysis (optional) R 4

R = Report.

Table 4.
Clinical evaluations (levels of analysis).
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The registry also includes self-reported background information. There are some
variables that are evaluated by the professionals in the program (Table 6).

Some other Swedish quality registries were built to answer research questions and
are now working to adapt the output of information to the needs of clinicians at the sites
where healthcare is provided. On the other hand, SQRP has been working to improve its
operations to allow for research questions to be explored by improving the validity of its
information, reducing dropouts, and enhancing routines to avoid missing values and
registration errors. In 2011, a national research network (SQRP research group) was
formed through initiatives developed by the SQRP’s steering group. This group has
developed different research programs focused on the registry, leading to grants from
different research funds, dissertations, and many publications. In this way, SQRP is
becoming a source of knowledge for researchers interested in finding answers to the
complex interventions included and the heterogeneous group receiving treatment.

10. Clinical presentations – results from SQRP

SQRP collects a large amount of self-reported mandatory data concerning pain
aspects, psychological distress, interference, health aspects, etc. together with back-
ground data from patients referred to specialist pain care in Sweden. The information
covering the BPS framework complements information included in the clinical
assessments. To determine which variables are generally important in patients with
chronic pain, one approach investigates variables important for health aspects.

Pain severity, pain interference, and pain intensity were the most important
regressors of health (N > 37 000 patients at baseline) followed by two variables that
focus on control of pain and coping with pain, and four variables (also significant)
reflecting mood aspects according to a cross-sectional SQRP study (Figure 2) [69].
Extent and duration of pain, age, gender, and background variables were not
significant regressors.

Another approach is to use PCA to identify variables associated with prominent
variations—i.e., high scores. Pain aspects, such as intensity and interference, psycho-
logical distress, coping, and health aspects, are the most important and therefore carry
the most information for the clinical presentation according to SQRP studies [70, 71].

• Increased patient participation in their rehab and more effective treatment schedules during follow-up

• Increased focus on sick-leave process, contact with the workplace, and physical activity in the program

• Shortened waiting lists

• Increased feedback to patients by means of SQRP data which led to increased motivation to actively
work towards a healthier lifestyle

• Focused work on fear of movement to increase physical activity

• Remodelling rehabilitation services to meet patient individual needs

• Broader perspective to increase participation of significant others in rehabilitation

• Regular extraction of the group and individual reports with a focus on results to design specific
improvement plans

Table 5.
Examples of improvement work using measures of the registry.
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It is a clinical experience that patients with the same diagnosis show considerable
variations in their presentations and consequences. Therefore, in the context of
improving outcomes of interventions, there is a great interest to identify relevant
subgroups of chronic pain patients. Most studies have been hypothesis-driven with
respect to the input variables for subgrouping. Based on some mandatory variables
covering the BPS framework, two subgroups/clusters of patients have been identified
from SQRP data (N = 37 100) [70]. The subgroup with the most intense pain inten-
sity/severity had the worst situation regarding psychological distress, interference in
daily life, and least life control [70]. Furthermore, according to variables not used as
input variables, this subgroup had more pain extent (spreading of pain) and more

Type Variables and instruments

Self-report and background information

Socio-demographic data

Work

Sick leave

Pain duration
Pain extent

Attitude towards the future

Self-report, Instruments, and variables

Numeric Rating Pain Scale (NRPS)

The Hospital Anxiety and Depression Scale (HAD)

Multidimensional Pain Inventory (MPI)

Health-related life quality (RAND-36)

Perceived health (the EuroQol Group) (EQ-5D)

Chronic Pain Acceptance Questionnaire (CPAQ 8)

Insomnia Severity Index (ISI)

Perceived work ability index (WAI)

Kinesiophobia (TAMPA)

Perceived physical activity (3 items)

Changes in pain experience (retrospective items)

Changes in ability to handle life situations (retrospective items)

Patient satisfaction (six items)

Professional-evaluated variables

Diagnosis

Pain mechanisms

Expected future financial-support form

Swedish language ability

Rehabilitation plan

Table 6.
Variables of SQRP.
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people born outside Europe. Also, smaller SQRP studies report that the patient group
is not homogenous and different subgroups have been identified [71, 72].

The Multidimensional Pain Inventory (MPI) classifies patients into subgroups
[73, 74]. These subgroups—Adaptive Coper (AC), Dysfunctional (DYS), and Inter-
personally Distressed (ID)—were identified in a large cohort from the SQRP (N = 34
513) and the validity of these subgroups of MPI was partially confirmed [75]. How-
ever, in contrast to results reported by Turk and Rudy, the subgroups differed in
socio-demographic characteristics, pain duration, and pain extent [73]. Hence, factors
other than psychosocial may be important for understanding MPI responses.

In an SQRP sample (N > 38 000), the presence of severe anxiety symptoms was
detected in 39.5% and the corresponding outcome for depression was 35.2% according
to established cut-offs for the Hospital Anxiety and Depression Scale (HAD) [70].
Although psychological distress was common, the strength of the intercorrelations
between pain intensity and anxiety and depression scales of HAD were low. The
explained variations (r2) were between 3 and 11%. Two SQRP studies from different
times investigated the prevalence of clinical insomnia according to Insomnia Severity
Index (ISI) and reported a prevalence between 65 and 66% [76, 77]. Hence, it is
important to assess insomnia in patients with complex chronic pain. A network
analysis (N = 2 241) reported that psychological variables, such as acceptance and

Figure 2.
OPLS regression of health (EQ5D-index) using other self-reported variables at baseline as regressors. Only
significant variables are shown. Data are from [69]. EQ5D-index = The European Quality of Life instrument
index; MPI = Multidimensional Pain Inventory; NRS-7days = Average pain intensity the last week rated using a
numeric rating scale; CPAQ = Chronic Pain Acceptance Questionnaire; SF36 = The Short Form Health Survey;
and HAD = Hospital Anxiety and Depression Scale.
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depression mainly were associated with pain interference, whereas the associations
with pain intensity and extent together with insomnia were weak [78]. These results
taken together may be important for expectations about treatment results (i.e.,
improvements in psychological distress may not necessarily lead to important
improvements in pain intensity).

The pain extent is registered using 36 predetermined anatomical regions in the
SQRP, which were summarised and divided into four categories: 1–6 regions with pain
(20.6% of patients), 7–12 regions (26.8%), 13–18 regions (22.0%), and 19–36 regions
(30.6%) (N = 39 916) [79]. A higher extent of pain spreading was associated with a
more severe clinical picture at baseline and longer pain duration with the strongest
associations emerging in relation to health and pain aspects (pain intensity, pain
interference, and pain duration) [79]; generally, there were at least medium effects
sizes (ESs) when comparing the two extreme groups. A cross-sectional multivariate
analysis found that pain spreading correlated strongest with general health, vitality,
female gender, physical function, pain interference, pain intensity aspects, and pain
duration [79].

Patients with chronic pain generally have a higher Body Mass Index (BMI) than
healthy controls. Obese patients had a worse pain profile (e.g., pain intensity, pain
extent, and pain duration) and more depressive and insomnia symptoms than normal-
weight patients according to another SQRP study (N = 3 310) [80].

Most patients referred to the specialist departments in Sweden are women (about
70%). The reasons for this overrepresentation are unclear and are only partially
explained by the higher chronic pain prevalence in the population [81, 82]. It is
unclear whether sex/gender differences for pain severity exist [83–85]. According to
SQRP data, there were generally small differences (generally insignificant ESs) in
clinical presentation according to self-reported data between the two genders [86, 87].
Generally, patients born outside Europe had a more severe clinical picture than those
born in Europe, for example, with respect to pain intensity and psychological distress
(medium ESs) [87]. Patients with only an elementary school education generally
reported a worse clinical situation than those with a university education (most vari-
ables small to medium ESs).

A cluster analysis using gender, country of birth (Europe vs. outside Europe), and
education level (three categories) as input variables identified five subgroups—three
subgroups of European women and different education levels, one subgroup of Euro-
pean men, and one subgroup of non-European men and women and different educa-
tion levels [87]. Prominent differences in clinical presentations, such as pain intensity,
psychological distress, interference, life control, and health aspects, were noted
between European women with university education and the non-European subgroup
(worst situation) (ESs generally medium to large). European women with only ele-
mentary school also displayed a worse situation than those with university education.

To summarise, patient groups referred to specialist pain care in Sweden are not
homogenous with respect to clinical presentations as distinct subgroups are evident.
The clinical presentations show clear associations with pain extent, BMI, and
socio-demographic variables.

11. Who participates in IPRP?

Not all patients assessed and registered at baseline in SQRP are selected or choose
to participate in IPRP. Unfortunately, the registry does not contain data that can
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separate these two reasons and other possible reasons, nor does it collect detailed
information about assessments, all interventions offered (including IPRP), the inter-
ventions’ contents and dosages, and patient-related preferences and choices. Assess-
ments of patients, including establishing treatment plans, are clinically necessary and
perceived as important by patients. The assessment including a treatment plan with
follow-up in primary care per se appears to be associated with positive significant
effects on several aspects of the clinical presentation [88]. However, the ESs were
insignificant to small.

The Swedish guidelines recommend that IPRP at the specialist level is offered to
chronic pain patients with complex clinical presentations, for example, with respect to
comorbidities [10]. However, the subgroup with the most severe clinical situation was
somewhat underrepresented [70, 89]. Similar results were found for the DYS sub-
group of MPI, male gender, and the non-European subgroup [75, 87]. In agreement
with this SQRP, data from two university hospital departments showed negative
correlations between participation/selection and pain intensity but positive correla-
tions with pain extent [90]. The reasons for these selections are currently unclear and
further research is needed.

12. Outcomes of IPRP – based on SQRP studies mainly for the period
2009–2016

IPRP in clinical settings is associated with improvements on the group level with
small to medium effect sizes for the majority of the mandatory self-reported outcome
variables, for an overall score and retrospective items. Sick-leave data retrieved from
the Swedish Social Insurance Agency database show important decreases after IPRP.

12.1 The 22 mandatory outcome variables in SQRP

The outcomes of IPRP were investigated in a study of more than 14 000 patients
(Table 7) [27]. Significant improvements were generally found except for one or two
of the three scales of the second part of MPI (how husband/wife reacts when a patient
has pain). Most outcomes showed small ESs and some outcomes were associated with
moderate ESs (Table 2). For the pre vs. post-IPRP comparisons, three variables had
moderate effects sizes—two pain intensity variables and vitality (Table 7). At the 12-
month follow-up, the same pain intensity variables were associated with moderate
effect sizes; this was also the case for pain interference and a health aspect (Table 6).
The variables of the second part of MPI had insignificant ESs both post IPRP and at
the 12-month follow-up.

In 2008, the Swedish government introduced a rehabilitation guarantee to
enhance, for example, the implementation of IPRP in primary care. The SQRP created
a module to collect data from IPRP in primary care. A relatively small study (N = 397)
of the clinical presentation of the patients treated at this care level found that patients
presented a considerable complexity [91]. A small study (N = 234) evaluated the
outcomes of IPRP in primary care 1 year after discharge for 10 of the 11 variables
selected. Eleven outcomes reflecting a BPS approach were evaluated 1 year after IPRP
and 10 of these showed significant improvements although ESs were small (0.20–
0.49) [92]. A cost-utility analysis indicated that IPRP in primary care was cost-
effective [93].
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12.2 Overall outcomes of IPRP

The intercorrelations of changes in the 22 mandatory outcome variables
(cf. Table 7) were investigated using PCAs [27]. Two groups of variables
(components), which were not correlated, were identified; the first showed
significant intercorrelations between changes in 18 of the outcomes and the second
mainly reflected the changes in the second part of MPI together with changes in social
support of MPI. Using the score of the first component, a Multivariate Improvement
Score (MIS) was defined reflecting changes in the 18 variables [27]. A cluster analysis
of MIS was made, and three clusters were identified; retrospectively their baseline
situation was analysed. Cluster 1—overall the worst situation pre IPRP—showed the
most positive improvements in MIS. Cluster 3—no changes or deterioration in MIS—
had the best situation at baseline. Cluster 2 was an intermediary group at baseline and
was associated with overall slightly positive MIS improvements [27].

Both post-IPRP and at 12-month follow-up patients retrospectively estimate the
degree of positive change in pain and in their ability to handle life situations in general
(both rated on five-point Likert scales from markedly increased pain/markedly wors-
ened life situation (score 0) to markedly decreased pain/markedly improved (score 4)
[27]. At both time points, most patients reported that their pain situation (57% at both
time points), as well as their ability to handle their life situation, had improved (84
and 77%); the two most positive alternatives were added [27].

12.3 Sick leave

All patients undergoing IPRP registered in SQRP between 2007 and 2011 (n=7 297)
were linked to the Swedish Social Insurance Agency database and the development of
sick leave was analysed [94]. Sick-leave benefits increased during the year before
IPRP and decreased after IPRP (analysed up to 2 years after) (Figure 3). These
reductions in benefits were significant for both men and women. It was concluded
that IPRP could positively influence sick-leave benefits for these patients regardless of
their sick-leave situation, sex/gender, or policy changes.

A larger study of sick absence for patients included in SQRP (N = 44 241) showed
similar results—i.e., sick absence increased from 17% 5 years before to 48% at assess-
ment at the specialist department and thereafter decreased to 38% [95]. Sickness
absence history was the strongest predictor of future sickness. Decreases in pain
intensity/severity and pain interference but not increases in life control and social
support or reduced affective stress during IPRP were associated with decreased risk of
being on full-time sick leave 1 year later according to another SQRP study (N = 1 468)
from a university department [96]. The same authors reported from a cohort of 2 784
patients that the subgroup DYS of MPI decreased after IPRP [97]. Those belonging to
AC or ID had less full-time sick leave 1 year later and therefore the DYS profile was
associated with long-term sick leave.

Decreases in sick leave after IPRP were reported in a target trial emulation study
using SQRP data (N = 25 613) [68], but the results were not significantly better than
for the comparison group. The article was the first target trial emulation attempt using
SQRP data (see above). This study has been criticised for its heterogenous comparator
group and lack of data concerning other interventions and patient preferences [98]. In
addition, this critique emphasised that very complex processes may exist after the
assessment when preparing and establishing the rehabilitation/treatment plan. Hence,
registries such as SQRP need to collect detailed data concerning assessments, all
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Pre vs. post-
IPRP

Pre
vs.
FU

Pre Post
IPRP

Pre FU

Outcome
variables

Mean SD Mean SD P-value ES Mean SD Mean SD P-value ES

NRS-7days 6.86 1.72 5.95 2.09 <0.001 0.45 6.84 1.72 5.78 2.32 <0.001 0.47

HADS-
Anxiety

9.00 4.76 7.78 4.55 <0.001 0.32 8.73 4.69 7.38 4.70 <0.001 0.33

HADS-
Depression

8.49 4.44 6.70 4.31 <0.001 0.47 8.18 4.37 6.74 4.66 <0.001 0.35

MPI-Pain-
severity

4.39 0.93 3.87 1.16 <0.001 0.52 4.36 0.91 3.71 1.33 <0.001 0.56

MPI-Pain-
interference

4.38 1.02 3.94 1.19 <0.001 0.49 4.34 1.02 3.73 1.37 <0.001 0.54

MPI-Life
Control

2.72 1.10 3.30 1.18 <0.001 0.47 2.77 1.10 3.28 1.27 <0.001 0.40

MPI-Distress 3.46 1.26 2.89 1.38 <0.001 0.42 3.42 1.27 2.92 1.45 <0.001 0.35

MPI-Social
support

4.16 1.34 3.95 1.35 <0.001 0.21 4.17 1.33 3.77 1.42 <0.001 0.35

MPI-punish 1.74 1.36 1.72 1.33 0.037 0.02 1.69 1.34 1.69 1.35 0.676 0.01

MPI-protect 2.98 1.40 2.85 1.38 <0.001 0.12 2.96 1.39 2.78 1.40 <0.001 0.16

MPI-distract 2.54 1.19 2.56 1.17 0.043 0.02 2.52 1.17 2.45 1.17 <0.001 0.06

MPI-General
activity index

2.44 0.84 2.63 0.82 <0.001 0.26 2.47 0.83 2.64 0.86 <0.001 0.20

EQ-5D-index 0.26 0.31 0.39 0.33 <0.001 0.40 0.27 0.31 0.44 0.34 <0.001 0.50

EQ-VAS 41.22 19.09 50.99 21.38 <0.001 0.44 41.90 19.29 52.96 22.87 <0.001 0.46

sf36-pf 52.76 20.58 57.67 21.17 <0.001 0.30 53.07 20.30 59.73 22.57 <0.001 0.36

sf36-rp 12.53 24.40 22.46 33.12 <0.001 0.30 13.07 24.91 27.74 36.32 <0.001 0.39

sf36-bp 24.36 14.49 32.96 17.41 <0.001 0.52 24.60 14.11 35.41 20.05 <0.001 0.56

sf36-gh 41.70 20.22 46.69 21.88 <0.001 0.29 42.59 20.49 47.35 23.52 <0.001 0.25

sf36-vt 23.95 18.48 35.67 22.76 <0.001 0.54 24.96 18.79 34.41 23.85 <0.001 0.41

sf36-sf 47.29 25.19 54.93 25.91 <0.001 0.30 48.95 25.50 57.66 27.05 <0.001 0.32

sf36-re 42.77 42.92 51.15 43.48 <0.001 0.18 44.69 43.17 55.60 43.53 <0.001 0.22

sf36-mh 55.03 21.35 62.55 21.55 <0.001 0.38 56.34 21.15 62.70 22.53 <0.001 0.30

The effect sizes >0.50 are given in bold. The significance (p-values) are reported in the columns to the left of the columns
concerning effect sizes. NRS-7days = Pain intensity as measured by a numeric rating scale for the previous 7 days; HADS =
Hospital Anxiety and Depression Scale; MPI = Multidimensional Pain Inventory; EQ-5D-index = The index of the European
quality of life instrument; EQ-VAS = The European quality of life instrument thermometer-like scale; sf36 = The Short Form (36)
Health Survey; subscales; pf = physical functioning; rp = role limitations due to pf physical functioning; bp = bodily pain; gh =
general health; vt = vitality; sf = social functioning; re = role limitations due to emotional problems; and mh = mental health.

Table 7.
Mandatory outcome variables at baseline (pre) and immediately after IPRP (post IPRP) (left part; N = 12 999–
14 772) and at baseline and at 12-month follow-up (FU) (right part; N = 7 784–8 904). Statistical comparisons
are presented with effects sizes (ES, i.e., Cohen’s d). Effect sizes in bold were moderate, i.e., Cohen’s d ≥ 0.50.
These data have been reported in Ringqvist et al. [27].
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interventions offered (including contents and dosages), as well as patient-related
preferences. More details about the clinical departments might also be beneficial [18].
Perhaps one might expect more prominent decreases of sick leave in IPRP than in the
comparison group. According to Swedish guidelines, IPRP should be offered to the
most complex chronic pain patients, but those participating in IPRP had gross sick
leave days the year before IPRP, so that is necessarily not a correct expectation.

12.4 Long-term consequences of unmet needs?

Long-term opioid therapy (LTOT) for chronic pain is unfortunately common in
clinical practise despite lack of evidence and serious adverse consequences [99–103].
At a university hospital reporting to SQRP, 30% of the patients referred to a clinical
department used opioids daily [104]. These patients had higher pain intensity, more
pain interference, lower quality of life, lower activity engagement, and less satisfac-
tion with life than the other patients referred (medium ESs) [104]. Svanberg et al.
investigated the opioid prescriptions 2 years after chronic pain patients were assessed
for IPRP [105]. Opioid prescriptions were prescribed for 55% of the cohort (N = 1334).
The odds of receiving LTOT were similar for those participating and not participating
in IPRP. Patient characteristics at baseline/assessment in both these groups could
predict LTOT. In those participating in IPRP, dysfunctional pain coping was a
predictor; however, in those not participating in IPRP, pain intensity and depressive
symptoms were predictors. Taken together, these studies indicate that long-term
pharmacological treatment is not optimal for patients who are eligible for IPRP.

13. Who benefits the most from IPRP?

13.1 In relation to clinical presentation and profile

Evidence is contradictory when it comes to clinical presentation pre-treatment. A
recent meta-analysis on prognostic factors for IPRP outcome demonstrated that both

Figure 3.
Level of sick leave at 90–0 days before (T1) IPRP, 320–410 days after (T2) IPRP, and 775–985 days after (T3)
IPRP; N = 7 297 (Rivano Fischer et al. [94].
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higher levels of general emotional distress and pain-specific cognitive behavioural
factors were related to worse long-term (>6 months) physical functioning post-
treatment [106]. However, a similar pattern was not displayed in two large-scale
SQRP cohort studies where patients reporting higher levels of perceived disability and
suffering displayed slightly greater improvement [27, 70]. Hence, those with the most
severe clinical presentations at baseline will display the largest improvements found in
SQRP studies [70, 71, 75].

Pain distribution (i.e., spreading of pain) is another factor that needs consideration.
Cross-sectional population studies have reported that spreading of pain is significantly
associated with pain intensity, depressive disorders, and poor health [107, 108]. In a
recent large-scale SQRP cohort study, spreading of pain was associated with poorer
outcomes of treatment, but the effects were in the small range [79]. Thus, spreading of
pain is important for understanding chronic pain as an indicator of severity, as previ-
ously described, and to some extent as a predictor of the poorer outcome of IPRPs.

Psychosocial coping profiles with three subgroups have been derived from the MPI
and are commonly used to aid in the assessment of patients with chronic pain. Based on
a BPS approach to chronic pain, MPI and its subscales are sensitive to changes in the
severity of chronic pain and predict sick leave. The dysfunctional (DYS) subgroup
reports high pain severity, marked interference in daily life, high affective distress, low
perception of life control, and low levels of activity. The adaptive coper (AC) subgroup
is characterised by less severe pain, less interference with activities, less affective dis-
tress, and positive perceptions of life control and activity level. The interpersonally
distressed (ID) subgroup has been described as perceiving low social support and non-
supporting behaviours from significant others [109–111]. Some reports suggest that the
DYS and/or ID subgroups have better treatment outcomes than the AC group [109, 112–
116], whereas other studies have found no significant differences in outcomes amongst
subgroups [110, 111, 117–121]. These results are supported by a large-scale cohort study
from the SQRP: DYS and ID subgroups that had the most severe clinical presentation at
baseline showed the largest improvement following IPRP [75].

13.2 In relation to socio-demographic variables

The existing literature regarding sex differences in outcomes of IPRP is conflicting—
women benefit more [84, 122, 123], no sex differences [124–126], and men benefit more
[127, 128]. The outcomes of IPRPs in a primary care study were better in women than in
men [92]. A recent large-scale cohort study from SQRP found sex differences in out-
comes—women had slightly better results than men [87]. The conflicting results in the
literature may be due to different cohorts investigated as well as the choice of outcomes.

An important principle in healthcare is equity (i.e., prioritization of healthcare based
on the need of the patient); however, social contexts are seldom considered in studies
[129]. Several studies have reported that prevalence of chronic pain, the severity of
pain, and disability are inversely related to the socio-economic position and low educa-
tion, male sex, and/or non-European origin (in European studies), which appear to be
associated with lower participation rates and worse IPRP results [129–132].

14. Shortcomings and possible improvements of IPRP

One-fifth of the European adult population lives with at least moderate intense
chronic pain [12]. Patients with chronic pain describe wide consequences, such as
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intense and disturbing pain, psychological distress, and insomnia, reduced workability
and sick leave, ill health, and low quality of life. Pain conditions caused 21% of all
Years Lived with Disability (YLDs), which is a measure of non-fatal health outcomes,
globally ahead of 287 other conditions [133]. These striking effects of chronic pain on
both the individual and the family and society emphasise the need to improve and
develop new treatment methods. Both the systematic reviews and the results from
real-world settings indicate the need to improve IPRP.

As described in previous passages, results from IPRP demonstrate low to moderate
effect sizes on outcomes with conflicting results concerning effects on RTW. Possible
gains for the individual and society might be accomplished with improvements of
routines and contents of IPRP. It is thus problematic that IPRP is somewhat heterog-
enous as this can constitute problems establishing strategies for improvements. As a
comparison, in vitro fertilization (IVF) has been able to increase success rates from
single digits to nearly 50% in largely the same time frames as IPRP have existed, which
at least partly can be attributed to registries with clear and transparent descriptions of
different protocols and results [134]. It could be advantageous for a registry such as
the SQRP to specify protocols to increase transparency when interpreting results,
which might possibly inspire evolvement and larger effect sizes on outcomes of IPRP.
Currently, IPRP has different approaches and might or might not include, for exam-
ple, sleep interventions, opioid tapering, workplace interventions, and treatments for
psychiatric comorbidities. Moreover, CBT is a large umbrella entailing a multitude of
techniques, one of which is exposure. Interventions using exposure have shown ben-
eficial results and it is possible that IPRP, including exposure, might produce better
results. Therefore, registries should specify the CBT techniques used [135].

The results obtained by the SQRP show that the subgroup of patients with a
relatively better clinical picture before IPRP had worse IPRP results than those with a
more severe clinical picture [70]. The patient group with the more difficult clinical
picture is most improved by IPRP but not so much that they reach the subgroup with a
better clinical picture. Both circumstances indicate a need for the development of
IPRP so that IPRP better matches the clinical picture. For example, individual treat-
ments, short interventions, small group activities with different content to be selected
for individual patients, individual treatments with the team as a backup, and closer
communication with primary care to ensure that recommendations can improve the
lives of patients without going through extensive IPRPs, which might be more appro-
priate for the less severe subgroups [15]. In the long run, this could mean that differ-
ent IPRPs are available in clinical settings. In addition, the activated, mainly
unknown, neurobiological pain mechanisms might not be sufficiently targeted by the
various interventions in IPRP.

Early interventions might also improve results. The association between promi-
nent pain extent (i.e., widespread pain) and pain duration supports the concept of
early intervention as clinically important and an opportunity to possibly change prog-
nosis with conceivable gains for the individual and society. Early interventions with
psychological risk factor screening combined with protocols for active collaboration
between caregivers and key stakeholders have been demonstrated to positively impact
return to work [136].

Poorer results of IPRP in socially more challenged populations might suggest that
equal care is not delivered. For example, IPRP in Sweden may not meet the needs of
patients outside Europe. It has been suggested that in particularly non-Western back-
grounds might be associated with other attitudes towards self-management interven-
tions, passive symptom-focused management strategies, as well as pharmacological
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treatments [137], which could influence IPRP outcomes. Selection to participation in
IPRP and outcomes might also be disadvantaged by different biases of professionals
towards non-European patients and/or insufficient knowledge about immigration and
other cultures. Lower socio-economic groups may differ from health professionals in
culture, beliefs, and communication style, resulting in disadvantages and possibly
feelings of inferiority. Carr and Moffet provocatively suggest that CBT interventions
designed by middle-class health professionals are more suitable for middle-class
patients [130]. Also, a common goal of IPRP is increased physical functioning; how-
ever, exercise and sports activities are less likely to be adopted by people in lower
socio-economic groups than by people in higher socio-economic groups [138–140].

This raises important questions concerning fairness and equality. The combination
of sex, education, and country of birth needs to be considered in the assessment of
chronic pain patients and is important to consider when optimising the content and
delivery of IPRP in clinical practice. IPRPs need to be adapted and educational elements
fitted to meet different learning styles using techniques to increase retention of new
information as described in textbooks, such as ‘Explain pain supercharged’ [141]. In
addition, Carr and Moffet suggest that a useful starting point when considering how to
improve treatments is the knowledge that people in socially-deprived areas endure
higher levels of stress and lower perceived control [130]. Techniques are suggested to
reduce stress and learned helplessness and include involving patients in shared decision-
making of treatment, increased social support, incorporating individual coaching where
the individual can learn to take more control, and additional validation where IPRPs are
supplemented by phone calls between sessions. When attendance is challenged, audio
and video material could be provided for patients unable to attend.

15. Conclusions

The patient group with chronic/persistent pain conditions referred to specialist
care in Sweden are heterogenous and different subgroups exist. The clinical presenta-
tions show clear associations with the extent of pain spreading, BMI, and socio-
demographic variables. IPRP is an evidence-based intervention for chronic pain
patients who suffer from substantial consequences of their chronic pain condition
regarding function, social, and/or psychological well-being. The intervention is com-
plex and is delivered by an interdisciplinary team of professionals in close collabora-
tion with the patient. Observational analyses of IPRP in clinical settings agree with the
evidence presented in SRs and MAs. However, results differ amongst subgroups and
benefits are not present for all patients. Interestingly, those with the most severe
clinical presentation, according to registry data, an assessment benefit most from
IPRP. Also, socio-economic factors can influence results and need to be addressed to
warrant more equal opportunities for improvement in IPRP.

Units offering IPRPs differ in their strategies, services, and resources, both in
intensity and duration, as well as in the degree of individual interventions opposed to
group treatment. This diversity should be addressed by researchers and incorporated
in studies by looking into the impact of referral flow, traditions, and the heterogeneity
of the patients assessed. Methods other than randomised studies, such as emulated
trials, repeated measured for patients (patients as controls) should be refined to
enhance the potential gaining of analysing real-life information in registries.

There is thus room for enhancement of IPRP possibly by a more structured use of
registries. Furthermore, pain registries should expand to cover a variety of clinical
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efforts designed to meet the individual needs of people with chronic pain and to
deliver information about the effectiveness of these measures.
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Chapter 8

Pain Management in Palliative
Care: What Is Significant?
Boris Hait

“Divinum est sedare dolorem”

Galen of Pergamon (129 – 199 A.D.)

Abstract

In pain management of advanced ill patients, various factors appear to be of signifi-
cance: multidimensional approach and realisation of pain as a complex perception (Total
Pain). Existential fear and an exceptional role of pain as a leading symptom in palliative
patients ought to be mentioned—chronification of pain progresses rapidly, oftentimes
with less preconditions. In advanced ill patients, even the slightest pain stimulus may
result in a sensation of total pain. We discuss mechanisms-centred pain therapy (opioid
therapy in particular), depending on the pain character—nociceptive, inflammatory,
neuropathic, dysfunctional, mixed pain—as a challenge in palliative care: -contemporary
understanding of the significance and role of WHO pain management—genetically
determined polymorphism of (opioid) receptors and enzyme systems—problems of
plasma protein binding and interactions of analgetic drugs—differences in the elimina-
tion of various opioid drugs—active metabolites of opioids, peculiarities of the onset,
duration and regulation of action—asymmetric pain distribution, breakthrough pain,
end-of-dose failure, opioid-induced hyperalgesia—practical considerations on preferred
choice of analgetics in patients with different comorbidities and of advanced age.

Keywords: advanced ill patients, multidimensional approach to pain assessment, total
pain, chronification of pain, mechanisms-centred pain therapy, opioid therapy,
nociceptive pain, neuropathic pain, mixed pain, WHO scheme on pain management,
opioid receptor

1. Introduction

In a British study, doctors and nurses were asked only one simple question: How
often do you look your patients directly in the eye during a conversation? Most of the
answers were anything but satisfactory. Nevertheless, our experiences clearly testify
that adequate and dignified care of an advanced ill person is only possible under the
precondition of a proper physician-patient relationship – when we meet our patients
at eye level (Figure 1).
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Especially when treating palliative care patients (PCP), it becomes obvious how
important it is to perceive the patient holistically in his or her uniqueness, with all of his
or her particularities, concerns and values. Pain in particular, as an extremely complex
phenomenon, can only be understood on the condition that we include all dimensions
of the person we are facing. Only then can we truly strive for success in pain therapy.

With the expression of our respect and our understanding towards the person who
entrusts us with so much he or she holds dear, the construction of our relationship
with the patient begins. Without this relationship, the process of treatment cannot
take place. This is the fundamental aspect of the palliative attitude.

The specifics of pain management in palliative care patients will be discussed in the
chapter at hand.

2. Palliative care and advanced illness patients

The World Health Organisation (WHO) defines [1] palliative care (PC) as follows:

“PC is an approach that improves the quality of life of patients and their families
facing the problem associated with life-threatening illness, through the prevention and
relief of suffering by means of early identification and impeccable assessment and
treatment of pain and other problems, physical, psychosocial, and spiritual.

Palliative Care:

• Provides relief from pain and other distressing symptoms;

• Affirms life and regards dying as a normal process;

• Intends neither to hasten or postpone death;

Figure 1.
Meeting at eye level. Courtesy of Centre for Palliative Care, Unna, Germany. 2002.
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• Integrates the psychological and spiritual aspects of patient care;

• Offers a support system to help patients live as actively as possible until death;

• Offers a support system to help the family cope during the patient’s illness and in
their own bereavement;

• Uses a team approach to address the needs of patients and their families,
including bereavement counselling, if indicated;

• Will enhance quality of life and may also positively influence the course of illness;

• Is applicable early in the course of illness, in conjunction with other therapies that
are intended to prolong life, such as chemotherapy or radiation therapy, and
includes those investigations needed to better understand and manage distressing
clinical complications”.

Taking into account the WHO’s definition of palliative care, the basics and main
principles of PC can be inferred:

• Treating with a “high-person, low-technology” approach. The patients’ needs are
given priority, and the patient takes an active role in the mutual decision-making
process himself (cf. concept of shared decision-making);

• Interdisciplinary approach (involving different occupational groups, including
volunteers);

• Continuity of care (inpatient—day-care—outpatient), ensuring adequate care for
patients at home as well;

• Excellent symptom control with the aim of alleviating symptoms;

• PC offers are not limited to the last days and weeks of life. For the benefit of the
patient, many principles of palliative care can be applied in the early stages of
disease, alongside an effective causal treatment directed at the underlying disease;

• Commitment to the care for loved ones (“the Significant Others”). Supporting
the bereaved even after the patient’s death.

Thus, the scope of palliative care extends to various settings, clinical pictures and
can be applied in different stages of an incurable disease. In this context, the definition
of a palliative care patient is important.

We define a patient as a palliative care patient if at least the following conditions
are met:

• The patient has an incurable disease;

• He suffers from a high symptom burden, which may include somatic,
psychosocial and various other problems;

• The patient has consented to palliative care (Figure 2).
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There are various criteria serving as indicators for the initiation of palliative care.
However, Boyd et al. refer to the so-called “surprise question,” a question that helps us
to identify the right moment to admit the patient to the palliative care setting. The
question is: Would I, as a caregiver, be surprised for the patient to die within 6 to
12 months? If this is not the case, then the time has come to provide my patient with
palliative care. Nevertheless, the practitioner can only answer such a question with
certainty if he (1) has known the patient long enough and (2) is adequately familiar
with patient’s situation, that is, by being intensively involved in caring for the patient.
Caregiver and patient have to be close to each other.

The foundations of PC were laid down by the grande dame of palliative care and
the hospice movement, Dame Cicely Saunders (Figure 3).

3. The concept of “total pain”

“The death of a loved one is an extreme experience of death and radically demands
grief. At the same time, however, this experience is also a challenge to self-realisation
in the face of change. Grief in particular can trigger a piece of self-realisation” [3].

Figure 2.
When do we offer palliative care services? [2].

Figure 3.
Dame Cicely Saunders. Courtesy of Centre for Palliative Care, Unna, Germany. 2001.
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Grief entails a kaleidoscope of feelings, a chaos of emotions (see Figure 4) [5].
However, grief affects not only the relatives but primarily the patients who are

confronted with a fatal diagnosis. The process of dealing with grief usually begins at
the time when the patient learns about his or her diagnosis. In this context, we are
talking about anticipatory grief.

This means that the advanced ill is constantly in a state of existential threat and
stress. Consequences and expected reactions of this state include:

• Severe psychological stress (approx. 70% of those affected are afraid of pain);

• Previous living habits, circumstances and goals can be questioned extensively;

• Solutions are necessary but not included in a person’s previous coping
repertoire;

• Confronting death and dying is often associated with existential fear;

• Existential fear cannot be reduced or eliminated, but dealing with it must
rather be learned;

• The gradual processing of the diagnosis begins;

• The illness is accompanied by new perceptions that can contribute to further
uncertainty.

The person affected comes to terms with his or her life identity and takes stock.
It is beyond question that all these factors strongly influence the processing of pain

and ultimately decide the picture of pain that develops within the patient. Thus, in
addition to the physical, psychological and emotional factors, the patient’s social
environment and spiritual aspects also play a major role. This is especially true for
chronic pain.

Figure 4.
Chaos of emotions of the grieving [4].
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Since pain is a very subjective perception of signals emanating from different
dimensions of the universe called human being, we can only understand it if we
develop a broader view.

No less a figure than Cicely Saunders recognised this and contributed substantially
to the understanding of the multidimensionality of chronic pain, coining the term
“Total Pain”. Cicely Saunders always stood for simplicity in explaining the phenom-
ena and for a solution-oriented approach. The grande dame of palliative care
implemented the ancient, empirical perception of pain and suffering (see “Altar of the
Seven Sorrows”, Figure 5) in her model of “Total Pain” (see Figure 6). This notion
serves as the basis for the concept of “Total Care” which guides us, as caregivers, in
our actions today [9].

With the help of this model, the necessity of a multi-professional approach to the
treatment and care of patients with chronic pain becomes apparent.

Particularly in palliative care patients, who live under constant existential anxiety
and are confronted with major problems in all dimensions of human existence, we
often observe that pain chronification develops much faster, triggered by the mecha-
nisms mentioned above.

This is particularly true for very old patients and those suffering from dementia. In
advanced age, pain chronifies much more frequently. Also, any pain can directly be
perceived as “total pain” by a patient with significant cognitive impairment or distur-
bance of consciousness [10].

Pain in PCPs bears, among others, the following characteristics:

• It is one of the most common symptoms;

• Often described as the most distressing of all symptoms;

Figure 5.
Seven sorrows [6].
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• Hence, the special status of pain within the realm of PCP symptoms:

◦ the advanced illness patient associates pain with the underlying disease;

◦ is linked to the progression of the disease;

◦ tumour pain in particular occupies a particular psychological dimension;

• Pain influences other symptoms;

• Paint itself is influenced by other symptoms.

Thus, a vicious circle forms that carries a considerable negative impact on the
quality of the patient’s life [11]. Interrupting this vicious circle is one of the primary
tasks in pain therapy for PCPs [12].

PCPs commonly exhibit several symptoms at the same time. On average, up to ten
symptoms can be found in a palliative care patient that significantly impacts the
quality of life. In addition to the symptoms that our patient report on a regular basis,
such as pain, weakness, dyspnoea, nausea, vomiting, constipation, xerostomia,
oedema, restlessness and sleep disturbances, our patients are also burdened by

Figure 6.
Total pain [7, 8].
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symptoms that occur less often and could therefore be more easily overlooked
when the patient’s clinical status is evaluated. These include pruritus, dysgeusia,
dysphagia and singultus [13]. Thus, it is crucial for the caregiving team to
utilise a checklist for the assessment of symptoms so that precise questions can
be asked, examined and documented in detail. Adequate pain therapy takes into
account the patient’s entire symptom burden and the perception of all human
dimensions.

In the treatment and support of the multimorbid advanced ill, establishing a
working relationship with the patient and his or her relatives (“the Significant
Others”) is of utmost importance. Thus, our first questions towards the patient ought
to be: “Who are you? What kind of person are you? What is important to you as a
human being?” The discussion of therapy goals and planning further measures have to
be performed alongside the patient on the basis of shared decision-making. Thus, the
groundwork for establishing a successful therapeutic plan is laid by understanding the
values, wishes, necessities and concerns of the person affected. This attitude is funda-
mental to palliative care. Only in grasping the situation holistically can we achieve
meeting the patient at eye level.

In order to build a working relationship with the patient, proper communication is
vital. An indispensable prerequisite for this is our ability to self-reflect. In doing so,
one has to ask oneself a handful of critical questions, for example: “How do I, as a
practitioner, affect my patient? And how does the patient affect me?” Here, the team
is a substantial resource of support. Because dignified, professional care at eye level
can only succeed in a multi-professional team.

By adopting this attitude, we can live up to the PCP’s expectations and demands
vis-à-vis his or her caregivers, notably:

• Having enough time for the patient;

• Being fair and holding a frank conversation;

• Being confident in our actions;

• Being flexible;

• Being able to make decisions together.

4. Pain assessment as a basis for decision-making in therapy

‘No treatment of pain until the pain is well evaluated’ – this motto is the key to
successful pain therapy.

What does proper pain assessment mean? Cicely Saunders has been associated
with having stated that the failure to assess pain is a critical barrier to good pain
management.

Given the complexity and high subjectivity of experiencing pain, it is of utmost
importance to let the patient talk freely about his sensations, to grant him enough
space in order to describe the pain in as much detail as possible by himself. Thus,
“patient self report“is the best tool for pain assessment. Therefore, the patient should
lead an active role in the management of his own pain.
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There are additional preconditions for an ideal evaluation, diagnosis and continued
monitoring of pain:

• Optimal pain evaluation and treatment can only be achieved within a team;

• Relatives of the patient should also be involved in pain evaluation. The
perception of the patient’s caregivers not only is able to reveal further
details of pain analysis but also often shows important accompanying
factors that can influence the entire experience of pain and the associated
impairment;

• Each location of pain should be evaluated independently and separately;

• Reassessment should take place

◦ At regular intervals;

◦ After the initiation of therapy;

◦ Whenever the intensity of pain escalates;

◦ Whenever new localisations of pain occur.

Ideally, when evaluating pain, there should be a balance between self-observation
and observation by others. In doing so, the patient should be allocated adequate space
for his or her own pain assessment.

Pain assessment encompasses, on the one hand, the evaluation of all parameters of
pain (see Figure 7). On the other hand, the precise analysis of the quality of pain is of
particular importance for the preparation of an extended pain diagnosis as well
(Figure 8).

PCPs often exhibit a “mixed pain” syndrome with components of both nociceptive
and neuropathic pain [9]. This effect can be seen, that is, in the pathophysiological
pain cascade of bone metastases (see Figure 9).

Furthermore, neuropathic pain in palliative therapy may also arise under the
influence of specific mechanisms. Among those are:

Figure 7.
Crucial parameters of pain evaluation. Source: Self-created.
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• Tumour compression of nerves;

• Surgical resection of the tumour with iatrogenic impairment of nerval
structures;

• Radiotherapy;

• Chemotherapy.

Among others, changes in mitochondrial function can facilitate the development
of neuropathia [14, 15] as well as numerous cytostatic agents, for instance, Paclitaxel
and Vincristine [16].

Figure 8.
Categorising pain based on pathophysiology (quality of pain). Source: Self-created.
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The results of the pain analysis should be presented in a clear, simple and under-
standable manner with the help of suitable measuring instruments. Thus, transpar-
ency for the entire caregiving team is achieved and may serve as a basis for
therapeutic action. The not purely physical mechanisms of pain development, which
are rarely considered in classical pain evaluation forms, should be taken into particular
account. In that way, the pain assessment is able to live up to the complexity and
subjectivity of pain in patients with advanced chronic diseases.

For a proper cognitive-emotional diagnosis, tools such as the patient’s self-esteem,
self-efficacy, coping strategies as well as personal disease processing models, for
example, externalisation, internalisation and catastrophising [17] may be taken into
account.

For example, in Turk and Rudy’s classification of patients with chronic pain
(1988), the following is elaborated: [18].

Dysfunctional profile:

• High intensity of pain;

• High degree of interference between pain and activities;

• Low level of perceived control;

• High affective impairment;

• Low level of activity.

Figure 9.
Pathophysiology of pain in bone metastases. Source: Self-created.
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Interpersonal stress profile:

• Lack of social support.

Adaptive copers/minimisers:

• Low pain intensity;

• Low affective impairment;

• High level of perceived control;

• High activity profile.

After having conducted a proper pain analysis, classifying the patient’s pain symp-
toms properly and adequately appears to bear tremendous significance for the success
of pain therapy. Adding to that, understanding the mechanisms of peripheral and
central sensitisation is indispensable for a differentiated targeted pain therapy (see
Figures 10 and 11).

First, the noxious stimulation of afferent C fibres triggers the release of inflamma-
tory neuropeptides such as Substance P, Calcitonin Gene-Related Peptide (CGRP) and
Neurokinin A (NK A). The process of neurogenic inflammation is initiated. If the
release of inflammatory mediators continues, pain chronification occurs. Adding to
that, the ongoing neurogenic inflammation causes an awakening of dormant neurons
leading to an increased emission of nociceptive stimuli. This pathophysiological cas-
cade results in enhanced perception of pain—peripheral sensitisation emerges [21, 22].

In the case of central sensitisation (see Figure 11), chronic emission of nociceptive
stimuli leads to an overactivity of the nociceptive system, which in turn can

Figure 10.
Mechanisms of peripheral sensitisation: Nociceptive, inflammatory pain [19].
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eventually result in a loss of function of the antinociceptive system. Thus, pain signals
can be transmitted with less inhibition and the chronification of pain is further
amplified. Furthermore, chronic pain also leads to morphological changes in the
central nervous system [23].

In the advanced ill, the processes of pain chronification often arise quicker and
with fewer preconditions. Even a small pain stimulus is able to trigger the image of
“total pain”.

5. Mechanisms-oriented pain therapy

A differentiated pain therapy can only succeed by taking into account the under-
lying mechanisms of pain. Accordingly, a proper pain analysis, including the precise
description of pain characteristics (nociceptive, inflammatory, neuropathic, dysfunc-
tional, mixed-pain), is a challenge within palliative care and a vital part of pain
management.

Among other things, this statement is based on understanding the various main
action sites for different analgesics (see Figure 12).

The fact that, on the one hand, different anatomical structures are activated at
different levels during the development of different types of pain and, on the other
hand, different analgesic substances exert their effect at different sites of action
explains the importance of a targeted and varied approach in pain therapy. The
principles of drug selection for pain therapy in chronic pain, in which different
analgesic agents are combined, can be seen in Figure 12. Thus, in nociceptive pain,

Figure 11.
Development of central sensitisation [20].
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both non-steroidal analgesics and opioids can be used, separately or in combination,
since both substance classes exert their effect at peripheral nociceptors. At the same
time, a combination of different analgesic classes allows the use of each substance’s
lowest dose. Particularly in geriatric patients or PCPs, it is vital to ensure that the dose
of each individual analgesic substance is as low as reasonably achievable [10].

With regard to opioids, the research results of the last decades have revealed
tremendous interindividual differences in opioid effectiveness [24]. This also applies
to the side effects. In addition to pharmacokinetic factors, the genetic variability of
opioid receptors due to numerous alternative splicing variants is discussed as a possi-
ble cause [25]. This variability can explain, among other things, different reactions to
various opioids as well as deviating dose requirements and manifestations of side
effects in patients [26].

For example, about one-eighth of the Caucasian population (10 to 14% of all
patients) carrying the 118A > G single-nucleotide polymorphism in the MOR gene
OPRM1 may require increased doses of opioids in order to achieve a similar analgetic
effect in comparison to non-carriers [25, 27].

When treating PCPs, this practically means that special caution and flexibility is
required in situations when:

• Consistent dose increases of an opioid do not lead to the desired analgesic effect;

• Severe and unusual side effects occur under opioid therapy;

• Signs of overdosing manifest even under low opioid doses.

6. Basics of pain management in PCPs

In general, adequate pain management in patients with cancer or other advanced
chronic disease can be achieved through the following approaches:

Figure 12.
Sites of action of analgesics.
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• Primary (causal) measures;

• Systemic analgesic therapy;

• Drug-free measures, including psychological interventions, rehabilitative
therapy, etc.

If adequate pain relief cannot be attained, other options should be discussed,
including:

• Invasive pain therapy measures, such as blockades, catheter procedures;

• Palliative sedation therapy if symptoms are refractory in an end-of-life situation [28].

Causal measures must not be undervalued in the treatment of PCPs. For example,
palliative radiotherapy of spinal metastases may help in achieving significant pain
relief. However, as the chronic disease progresses, the patient’s symptom burden
increases and his general condition deteriorates. Thus, the options for causal therapy
diminish and symptomatic pain therapy (systemic and also regional invasive mea-
sures) becomes more and more important.

As is known, the recommendations for the differentiated use of analgesic medica-
tion in patients with chronic pain are presented in the “WHO Analgesic Ladder” [29].
What practical significance does this scheme bear today, about 40 years after its first
publication? And which aspects in patients with advanced illness and at the end of life
do we have to pay particular attention to?

Are we meant to always adhere to the “WHO Analgesic Ladder”? Here are a few
considerations along the way [30]:

• Particularly in the setting of palliative care, non-physical factors as well as all
parameters evaluated in the assessment of pain play an important role in the
decision-making process of prescribing pain medication. In contrast, the classical
“WHO Analgesic Ladder”, notably, takes into consideration only one single
parameter-pain intensity, namely. Thus, the WHO scheme merely functions as
an orientation guide!

• In the case of severe pain right at the onset of treating PCPs, not uncommonly,
two stages of the WHO schemes are skipped, since:

◦ 70% of all tumour patients end up needing level III drugs [31];

◦ Strong stage III opioids can now also be dosed in very small quantities and
thus carry less side effects.

• Significance of level II analgesics [32]:

◦ Tilidine:

a. Preferred in case of renal insufficiency;

b. Tilidine is a prodrug that is probably activated by cytochrome
isoenzyme (CYP) 3A4 to nortilidine;

143

Pain Management in Palliative Care: What Is Significant?
DOI: http://dx.doi.org/10.5772/intechopen.112325



c. In two successive phase I reactions (sequential metabolism), the
analgesically active metabolite nortilidine is formed first, which is
further degraded to the pharmacologically ineffective bisnortilidine.
Both reaction steps are catalysed by CYP3A4;

d. Therefore, the AUC values (area under the blood-plasma-concentration
vs. time curve) are of particular importance when considering the
efficacy of this opioid. In one study, the combination of tilidine and the
strong CYP3A4 inhibitor ritonavir led to altered pharmacokinetic
parameters such as increased AUC values of nortilidine [33];

e. With regard to PCPs, on the one hand, a significant change in
pharmacokinetics can lead to large variations of the AUC curve and thus
to significant interindividual differences in the effectiveness of tilidine.
But on the other hand, according to one study, adverse drug effects caused
by this were of a merely moderate and transient nature due to the further
degradation into the pharmacologically ineffective bisnortilidine [33];

f. The elimination of nortilidine is hardly changed in terminal renal
failure, which means that a dose adjustment is not necessary. Thus, a
reduction of the dose of tilidine in patients with severely impaired
kidney function appears not to be required. Tilidine and its metabolites
cannot be removed from the body by dialysis [34];

g. Neither Tilidine has serotonergic properties, nor does it lower the
seizure threshold, a fact that renders it a favourable drug in advanced
illness patients.

◦ Codeine:

a. Its use in PCPs is evaluated as critical;

b. Codeine is a prodrug and is only converted to active morphine by
CYP2D6 through O-demethylation;

c. Thus, the substance is subject to high individual variations depending
on the metabolisation activity of the CYP2D6 enzymatic system;

d. That is, patients who are “CYP2D6 ultrarapid metabolisers” will
produce much higher amounts of morphine derived from codeine in a
shorter period of time, whereas “CYP2D6 poor metabolisers” may
hardly activate any codeine at all [35];

e. In renal insufficiency, morphine-6-glucuronide and morphine-3-
glucuronide accumulate as active metabolites of morphine, which can
lead to a rapid overdosing [36, 37].

◦ Dihydrocodeine (DHC) [35]:

a. A semi-synthetic derivative of codeine with a low bioavailability when
administered orally (approx. 20%). This is due to poor gastrointestinal
absorption;
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b. Metabolised in the liver by CYP2D6 to an active metabolite,
dihydromorphine, and by CY3A4 to a secondary primary metabolite,
nordihydrocodeine;

c. The CYP2D6-catalysed metabolite dihydromorphine (DHM) has a
100-fold higher affinity for μ-opioid receptors than DHC but contributes
only marginally to the analgesic effect of DHC, meaning:

1.clinical response independent of the patient’s individual CYP2D6
metabolising phenotype;

2.Thus, with regard to the analgesic effect of DHC, clinically
relevant interactions with CYP2D6 inhibiting substances are
scarcely to be expected [38];

3.Among others, this is due to the fact that the parent substance
DHC, in contrast to codeine, already unfolds an analgesic effect
before entering biotransformation.

d. Nevertheless, drugs that either are degraded by or induce the CYP2D6
enzyme can significantly influence the plasma level of DHM and lead
to severe side effects [35].

◦ Tramadol:

a. It is a prodrug: via CYP2D6, the active metabolite O-
desmethyltramadol is formed;

b. Limited analgesic effect of tramadol expected in patients with poor
metaboliser (PM) or intermediate metaboliser (IM) status;

c. Comedication with CYP2D6 inhibiting drugs reduces the formation of
O-desmethyltramadol;

d. Belongs to the group of so-called dual opioids. This substance blocks
the neuronal reuptake of serotonin and has the potential to induce
serotonin syndrome when administered alone or in combination with
other serotonergic drugs;

e. Notably, comedication of tramadol and selective serotonin reuptake
inhibitors (SSRI) fluoxetine and paroxetine bears a serious risk. These
SSRIs are potent inhibitors of CYP2D6, leading to a decreased formation
of active analgesic tramadol metabolites when co-administered. This may
result in failure of effective pain management, prompting the caregiver to
increase the dose of tramadol while in doing so, as a consequence,
increasing the likelihood of developing serotonin syndrome;

f. Particularly in advanced illness patients, this grave risk increases if
elevated levels of the substances mentioned above are to be expected,
for instance, in the case of deteriorating renal function.
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• Potent opioids—what substance to select for the use in advanced illness
patients [32]?

◦ Morphine:

a. Morphine is hepatically degraded by glucuronidation to morphine-3-
glucuronide and morphine-6-glucuronide. Morphine-6-glucuronide is
the pharmacologically active metabolite binding to the μ-opioid
receptor (MOR) and is eliminated renally;

b. One of the advantages of morphine in advanced illness patients is the
possibility of using this substance, which has been known for almost
200 years, in all possible forms of administration:

1.oral as tablets or drops;

2.rectal;

3.parenteral: subcutaneous, intravenous, epidural, intrathecal and
also local application in the form of morphine-gel 0.1 or 0.2%, in
order to also use the effect on MOR in the skin, for example, in
treating exulcerating wounds.

c. In the context of renal insufficiency, morphine-6-glucuronide
accumulates in the plasma with not only an increased analgesic effect
but also a consequential risk of overdosing, leading to sedation and
respiratory depression;

d. Morphine-3-glucuronide can also accumulate amid kidney impairment
and bears a possible neuroexcitatory effect [39];

e. In patients with a glomerular filtration rate (GFR) <30mL/min, the dose
ofmorphine should therefore be reduced or, preferably, avoided entirely
[37, 40].

◦ Oxycodone:

a. Oxycodone is degraded by CYP3A4 to the inactive metabolite
noroxycodone and metabolised by CYP2D6 to the active metabolite
oxymorphone;

b. CYP3A4 inhibitors, such as ciprofloxacin, clarithromycin,
levomepromazine or ketoconazole, increase the plasma concentration
of oxycodone and oxymorphone and thus enhance the analgesic effect
and potentiate side effects. A daily intake of ca. 300 mL or more of
grapefruit juice, also a known CYP3A4 inhibitor, can also become
pharmacologically relevant;

c. CYP2D6 inhibitors, including many substances such as celecoxib,
dimenhydrinate, duloxetine, fluoxetine, levomepromazine, melperone
and methadone, do not lead to clinically significant interactions with
oxycodone;
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d. In uraemic patients, the elimination of oxycodone is significantly
reduced [41];

e. However, the half-life is significantly prolonged in patients on an
individual basis, especially in advanced illness patients;

f. Oxycodone and its metabolites are dialysable. Thus, oxycodone should
be administered after dialysis;

g. The same applies to the combination preparation of oxycodone/naloxone.
Notably, liver insufficiency should be particularly taken into account in
this case as well because naloxone, a potentMOR antagonist, is
hepaticallymetabolised. Due to the naloxone not being adequately
degraded amid liver insufficiency, its plasma level rises and it effectively
binds to spinalMORs, partially cancelling out the analgesic effect of
oxycodone;

h. Particularly in advanced illness patients, liver insufficiency among
others has to be expected. We therefore consider the dosage of more
than 40–50 mg of naloxone per day as critical for PCPs;

i. Furthermore, oxycodone has a non-negligible affinity to the ϰ-receptor
(KOR).

◦ Hydromorphone:

a. Hydromorphone is absorbed in the gastrointestinal tract and is
subject to presystemic elimination. The active substance has an oral
bioavailability of about 32%. Hydromorphone is metabolised in the
liver and eliminated renally predominantly in the form of conjugated
hydromorphone, dihydroisomorphine and dihydromorphine [42];

b. The metabolisation leads to the formation of analgesically inactive
substances that are known to be associated with various toxic side
effects, for example, enhanced neuroexcitation [43, 44];

c. Haemodialysis reduces plasma concentration by about ½. This can
result in failed symptom control regarding pain, eventually inducing
withdrawal symptoms;

d. Nevertheless, hydromorphone is preferred by many caregivers as a
substance that can be administered in renal insufficiency.

◦ Fentanyl:

• Is a highly lipophilic molecule and thus bears significant plasma protein
binding properties; [45]

• As fentanyl binds to plasma proteins such as albumin and alpha-1-acid
glycoprotein, hypoalbuminaemia (for example, due to cachexia or liver
failure) may influence fentanyl pharmacokinetics [46, 47].
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• Fentanyl is predominantly hepatically metabolised via CYP3A4
mediated N-dealkylation, resulting in the formation of inactive
metabolites such as, among others, norfentanyl [48] (see Figure 13);

• Approximately 10% of the intact molecule as well as all inactive
metabolites are excreted renally. Although this notion is widely
accepted among scholars, a recent study has outlined that the hepatic
N-dealkylation process may not be as important as formerly assumed.
There may be various, yet unknown, metabolic processes involved for a
significant part of fentanyl degradation;

• As fentanyl is mainly metabolised in the liver, the substance is suitable
for use in patients with renal insufficiency [50, 51].

◦ Buprenorphine:

a. Bindswith high affinity toMORs and, in doing so, acts as a partial agonist;

b. At the KOR, it bears partial agonistic and very effective antagonistic
properties;

c. Is a highly lipophilic substance;

d. Carries only a moderate risk of respiratory depression at dosage
increase compared to other opioids;

Figure 13.
Fentanyl metabolism and elimination [49].
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e. Due to idle receptor kinetics, elimination progresses slower;

f. With an exceptionally high first-pass effect, the oral bioavailability is
very low (approx. 6%). Therefore, oral administration appears not
to be viable. Sublingual administration, however, results in a
higher bioavailability, especially when administered in a liquid
form [52];

g. CYP3A4 and CYP3A5 catalyse the formation of the active metabolite
norbuprenorphine. However, its pharmacological efficacy is
significantly lower compared to the initial substance. Buprenorphine
itself inhibits CYP3A4;

h. Buprenorphine and norbuprenorphine are glucuronidated in the liver
and excreted mainly via bile and faeces. Only 10 to 30% of the substance
is excreted via the kidneys [53]. Therefore, the use of buprenorphine in
patients with renal insufficiency is rational and applicable;

i. Due to the antagonistic effect on the KOR, a sedative effect is not
expected to a significant extent. Thus, the patient’s vigilance remains
mostly unhampered by the medication, allowing the patient to be
more active throughout the day. This phenomenon justifies the
preferred use of buprenorphine in geriatric patients as well as in those
with advanced illness, oftentimes being cachectic and therefore
plagued by constant fatigue;

j. In addition, some authors point towards an antidepressant effect in
patients with non-psychotic unipolar depression [54, 55]. Particularly,
a PCP can benefit from this twice. This advantage is of substantial
clinical significance given that some studies indicate that the
antidepressant effect of buprenorphine takes maximum effect after a
relatively short time (a few days), in contrast to conventional
antidepressants (a few weeks).

◦ Methadone:

a. Is an opioid with dual effect as it binds at the MOR and partly also at
the δ-opioid receptor (DOR), as an agonist, as well as at the NMDA
receptor as an antagonist. Thus, methadone can be expected to be
effective in both nociceptive and neuropathic pain, that is, in mixed-
pain syndrome;

b. Is a racemate (R- and S- enantiomer);

c. Is a substrate of the CYP3A4 isoenzyme and is degraded into a few
inactive metabolites. The interactions in biotransformation can lead,
among others, to QT interval prolongation. Furthermore, MAO
inhibitors should not be co-medicated with methadone because of the
risk of a severe drop in blood pressure;

d. Adding to that, co-administering serotonergic agents can trigger
serotonin syndrome [44, 56];
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e. It has high oral bioavailability [57];

f. Renal and hepatic insufficiency does not have a significant effect on
methadone clearance;

g. The relative equianalgesic ratio of oral morphine to oral methadone is
estimated at 4:1 to 12:1 [58]. Due to the higher analgesic potency,
changing opioid substances to methadone must be performed
cautiously and gradually by titration;

h. Enhanced lipid solubility of methadone leads to a high volume of
distribution: Topical forms of application are also conceivable. The
fraction of plasma protein binding of the substance is 60–90%,
almost twice as high as morphine’s plasma protein binding
property. These two qualities contribute to a relatively long plasma
half-life and, consequently, to the risk of accumulation. Adding to
that, plasma half-life of methadone is subject to extensive
interindividual variations;

i. Therefore, in PCPs, we consider the use of methadone to be
questionable as the plasma albumin levels in these patients are
oftentimes significantly lowered—particularly in advanced stages
of the disease. Due to this fact, it is particularly difficult to foresee
and estimate the expected clinical effect in relation to the
administered dose. The limited predictability bears the danger of
rapid overdosing;

j. Among the potential side effects, neurotoxicity and myoclonia ought
to be mentioned as these symptoms occur more frequently in PCPs
when using methadone [43, 44].

◦ Tapentadol:

a. Like tramadol, tapentadol belongs to the group of opioids with a dual
action mechanism, whereby analgesia is achieved, on the one hand, by
agonising the MOR and, on the other hand, by an inhibition of
noradrenaline reuptake;

b. Compared to other opioids, tapentadol has a better side effect profile
which makes it a preferred choice in PCPs [59–62];

c. The dual action mechanism allows the substance to be used not only
for chronic nociceptive pain but also for neuropathic pain;

d. Due to the first-pass effect, tapentadol has an oral bioavailability of
slightly more than 30%;

e. Tapentadol is absorbed pretty quickly and, to a large extent,
glucuronidated in the liver. Only about 20% of the substance remains
bound to plasma proteins. The metabolites of tapentadol, including
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tapentadol-O-glucuronide as the main metabolite and N-desmethyl
tapentadol, are inactive;

f. Tapentadol itself has no influence on the activity of the CYP system,
which significantly reduces the risk of pharmacological interactions.
This is seen as a crucial advantage especially when being confronted
with polypharmacy, a common sight in PCPs;

g. When comparing two dual action mechanism opioids—tapentadol and
tramadol—the former is predominantly favoured:

1.Tapentadol bears a higher analgesic effectiveness;

2.The side effect profile of tapentadol is more beneficial;

3.The potential for pharmacological interactions is lower with
tapentadol;

4. In contrast to tramadol, intraindividual genetic variations appear
to hardly play a role with tapentadol, which facilitates the dosing
and controllability of the substance and makes its use safer and
its effects more predictable in PCPs.

• For recommendations of converting dosages of different opioids, see Figure 14 [64].

7. What needs to be considered for differentiated opioid therapy in its
practical implementation?

• Given the peculiarities of the various opioids at hand for the treatment of
patients, numerous factors have to be taken into account before administering
pain medication:

Figure 14.
Opioid conversion for morphine equivalent doses: “Cross of Sittl-Grießinger” [63].
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• Consideration of genetic polymorphisms of the opioid receptors, especially of the
MOR;

• Intraindividual polymorphisms of the cytochrome isoenzyme system, which
determines differences in the effect, degradation or metabolisation of opioid
substances;

• The processes of opioid elimination and associated mechanisms of effect
prolongation or toxic accumulation of the substances are influenced by various
factors, including [40, 65, 66]:

◦ Renal function;

◦ Liver function;

◦ Water solubility or lipophilicity of the substances;

◦ Metabolites, possibly leading to increased plasma levels of active substances
and to subsequent overdosing.

• In pain management for PCPs, pharmacological interactions often pose a
challenge for the caregiver due to the even narrower therapeutic range of many
substances and the high proportion of elderly patients with multiple concomitant
diseases [67].

As an example, the serotonin syndrome, a feared possible outcome of medication
interactions, should be mentioned (see Figure 15), especially when applying
phenylpiperidine opioids, such as:

• Methadone;

• Fentanyl;

• Pethidine;

• Tramadol;

and morphine analogues, such as:

• Oxycodone;

• Codeine;

as co-medication together with:

• MAO inhibitors (rasagiline, moclobemide);

• SSNI, SNRI (venlafaxine, mirtazapine);

• Tricyclic antidepressants;
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• St. John’s wort extract;

• Setrons (5-HT3-receptor antagonists);

• Triptans;

• Levodopa.

Since the patient exhibits many serotonin-dependent effects—clinical symptoms
that are, in itself, rather unspecific and generic—the clinical picture can often be
overlooked, diagnosing is impeded and thus may ultimately lead to the death of the
patient [68]. The neuroexcitatory triad of changes in consciousness, neuromuscular
hyperactivity (such as tremor, hyperreflexia, myoclonia, rigidity) and autonomic
instability is crucial in making the diagnosis, whereby—most notably—mydriasis and
an increase in body temperature are indicative of the suspected pathology. Treating
serotonin syndrome consists of the discontinuation of serotonergic pharmaceuticals
and a symptomatic, if necessary, intensive medical therapy, as well as of using sero-
tonin antagonists, such as cyproheptadine. Alternatively, atypical neuroleptics with
antagonistic activity against the 5-hydroxytryptamine receptor 2A (5-HT2A receptor),
that is, olanzapine 10 mg sublingually, may be applied [69].

Side effects within the scope of differentiated opioid therapy often occur as a result
of pharmacokinetic interactions, leading to changes in the concentration-time profiles
of the simultaneously administered drugs. As a result, the effects on the body of at
least one substance involved are altered.

In our practical work, we advocate opioid monotherapy, evading combinations of
different opioid analgesics at the same time, if possible. Depending on the PCP’s
individual pain pattern and course of disease, we do not always succeed in adhering to
this principle as we ought to combine two or even more different opioids when
prescribing pro re nata medication (rescue substances).

Figure 15.
Signs of serotonin syndrome.
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Nowadays, morphine continues to retain its position as a drug of choice for differ-
entiated opioid therapy, but:

• In the case of renal insufficiency, tilidine, buprenorphine, fentanyl or
hydromorphone should be preferred [70];

• In the case of liver insufficiency, substances being predominately metabolised in
the liver are to be avoided, if possible, or at least administered with a reduced
dose, that is, buprenorphine.

In pain management of PCPs, transdermal therapeutic systems (TTS) bear partic-
ular significance:

• A main principle of palliative care states that oral opioid administration is
preferred as long and as much as possible, in cooperation with the conscious and
informed patient;

• Indication of TTS: limited to cases of dysphagia of various origins, otherwise only
as alternative medication if other oral opioids have failed in alleviating the
symptoms properly;

• However, the use of TTS can improve the quality of life or patient compliance,
especially in advanced illness patients [63];

• The caregiver has to exercise caution regarding the application of TTS in the
following circumstances:

◦ Cachexia, which is a frequent concomitant feature in PCPs. This applies in
particular to the fentanyl matrix patch [71]. Given the relatively high fat
solubility of fentanyl, substance diffusion through the skin depends on the
sufficient amount of fat tissue. It may also be difficult for the patch to stick
firmly to the skin for the required three-day period in a cachectic patient.
Thus, it is not uncommon for the patch to come off earlier;

◦ Unstable pain syndrome (e.g., asymmetric pain curve);

◦ Short life expectancy, as patients in an end-of-life (EoL) situation often
show unstable pain curves. Yet flexibility in dosage is crucially important,
most notably in opioid-naïve patients in an EoL situation. This can
predominantly be achieved by using short-acting opioids. Consequently,
when using TTS in opioid-naïve patients in the advanced phase of disease,
adverse drug effects are more likely to occur as a result of changing
absorption depending on the patient’s skin condition and fluctuating body
temperature. Hence, we can more frequently expect confusion, respiratory
depression, nausea, vomiting, constipation and other side effects.

• Buprenorphine TTS:

◦ Due to its high lipophilicity, this substance—like the fentanyl TTS [72]—
needs enough fatty tissue in order to exhibit a stable and consistent effect
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when applied as TTS. However, the adhesive matrix of this specific TTS
generates more stable diffusion values and, due to the rear polyethylene
cover sheeting, this TTS is less sensitive to, that is, mechanical and thermic
interference [73];

◦ Can be applied in at low dosage, starting at 5 μg/h;

◦ Buprenorphine carries a relatively low risk for pharmacological interactions.
Therefore, its use is of particular advantage in PCPs or patients of advanced
age due to the frequent presence of numerous concomitant diseases and
hence polypharmacy;

◦ Local allergic skin reactions appear to occur at a higher incidence when using
transdermal buprenorphine in comparison with fentanyl patches.

8. Approach to the management of fluctuating pain dynamics:
Asymmetrical pain, breakthrough pain, end-of-dose failure

In the course of the day, patients can experience a varying distribution of pain
intensity. In order to register these intricacies as a caregiver in order to conduct proper
targeted pain management, a detailed, extensive and standardised pain assessment is
indispensable.

Given a consistent distribution of pain (see Figure 16, curve 1), it is comparably
easy to alleviate the symptoms. Here, the aim is to achieve a consistent plasma level of
the analgesic substance and hence pharmacologically “capturing” the consistent bur-
den of pain symptoms. Unfortunately, when dealing with chronic persistent pain
conditions in PCPs, this “simplest” form of pain distribution is hardly seen. Much
more frequently, advanced illness patients report a varying, fluctuating intensity of
pain over the course of the day (see Figure 16, curves 2 and 3).

A curve depicting an asymmetrical distribution of pain may correspondingly
require an asymmetrical distribution of analgesic substances in the patient’s
blood plasma. For example, in the case of predominantly evening and nocturnal
chronic pain, one third of the total daily dose is to be administered in the early
and late morning, while two thirds are allocated to an afternoon and evening
administration. Pain management results have to be closely and critically monitored
and evaluated.

Apart from a varying intensity of the patient’s baseline pain perception, pain
management is additionally complicated by intermittent additional pain peaks
known as breakthrough pain (BTP) [74]. BTP is comparably more common in PCPs.

Successful relief of breakthrough pain episodes depends on several factors,
including: [75–77].

• Detailed and close analysis of breakthrough pain, for instance:

◦ Predictability of BTP;

◦ Initial development (relatively slow and building up vs. rapid, lightning-like
onset);
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◦ Duration of BTP episode;

◦ Frequency of episodes over the course of the day;

◦ Quality of BTP episodes:

a. Nociceptive;

b. Neuropathic;

c. Mixed-pain.

• Usually, an adjustment to the baseline retard opioid medication is necessary [78].

• Crucially, a close dialogue within the interdisciplinary caregiving team has to be
assured, that is, via:

◦ Regular joint ward rounds at the patient’s bedside (doctors/nurses);

◦ Interdisciplinary meetings;

◦ Standardised documentation within the team;

◦ Raising the nursing staff’s awareness to the topic of BTP;

◦ Ensuring the patient’s quick and unproblematic access to pro re nata (PRN)
medication, that is, fast-acting analgesics;

◦ Providing adequate training focussing on BTP to all professional groups
involved.

Figure 16.
Dynamic distribution of pain intensity over the course of the day. Source: Self-created.
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The data available for patients with tumour disease points to the vital importance
of addressing this topic thoroughly: [77].

• Prevalence of 40–80% of all tumour patients;

• Frequency of 1 to 6 episodes per day on average;

• Ca. 60% of patients suffer from 2 to 4 attacks per day;

• Poor predictability (only 25–30%);

• Short duration of <30 min in 75% of patients;

• High pain intensity at Numerical Rating Scale (NRS) 7–10;

• Mostly a mixed pain syndrome. Thus, BTP is commonly more difficult to treat.

As to our experience, ideal pain management, especially for BTP, can only be
achieved within a well-functioning interdisciplinary team of caregivers. For example,
in the case of a patient with osseous metastatic disease of prostate carcinoma, it is
essential for the nursing staff to be briefed on the type of pain episodes, including the
possibility of predictable BTP during movements or exercise. This empowers the
caregivers to accordingly administer a PRN medication 20–30 minutes prior to, that
is, morning care which constitutes a common reason for predictable pain episodes.

Retard formulation opioid analgesics are usually not applicable for disrupting BTP
episodes. Here, fast-acting opioids and rapid onset opioids (ROO) are on hand. The
decision, which of these substances to use, also depends on the results of the pain
assessment. In the case of a BTP pain episode building up relatively slowly and longer
lasting, the additional usage of fast-acting opioids is indicated [79]. In contrast, amid
lightning-like pain peaks that could be described, that is, as an “electric shock”,
usually lasting only a short time period, the use of ROOs is preferred.

ROO formulations are distinguishable by the administration form of its analgesic
substance, fentanyl:

• Transmucosal;

• Buccal pill;

• Buccal film;

• Sublingual;

• Nasal spray.

The traditional recommendations of the “WHO Analgesic Ladder” with regard to
PRN medication—1=10 to 1=6 of the equivalent daily total dose of morphine at single
administration—are substantially subject to individual variations and are only partially
applicable, especially in advanced illness patients. Here, caution is especially required in
patients whose daily dose, converted to morphine, exceeds 100 mg in total.

With regard to the dosage of ROOs, the following rule applies: Firstly, administer
100 μg of fentanyl sublingually, buccally or nasally. If the analgesic effect is
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insufficient, apply an additional equal dose after ca. 15 to 20 minutes. If there is a
noticeable improvement in analgesia, administer 200 μg of fentanyl directly during
the next episode of pain.

When facing a lack of therapeutic success with regard to BTP, consider the fol-
lowing pitfalls:

• Dosage too low of baseline therapy with slow-release, retard opioids;

• Dosage too low of PRN medication;

• Time intervals too long between dose administrations of baseline therapy (“end-
of-dose failure”, EoD). EoD “failure refers to medication wearing off before the
next regular analgesic dose is due [… ]” [80], leading to increasing pain
perception in between dose applications.

◦ The phenomenon of EoD failure is primarily due to individual differences in
the pharmacokinetics of opioids, among others:

a. Genetic polymorphisms of opioid receptors;

b. Polymorphisms of hepatic enzyme systems given presence of several
gene variants with different properties:

1.rapid metabolisers;

2. intermediate metabolisers;

3.extensive metabolisers and

4.poor metabolisers.

◦ EoD failure is a not uncommonly seen trait of TTS, for example, with
fentanyl patches.

• BTP episode of very short duration and very high intensity;

◦ Conventional PRN medication is often administered in such cases, that is,
fast-acting formulations of morphine, hydromorphone or oxycodone. These
preparations only take effect after at least 20 to 30 minutes. Therefore,
ROOs should be preferably considered;

◦ The medication should be positioned within the patient’s reach. No time
should be wasted;

◦ The nursing staff should be sensitised to the fact that the patient has to
receive the medication immediately when pain is expressed.

• Delayed intake of PRN medication;

• Usage of slow-release retard formulations as PRN (“rescue medication”).
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9. Co-analgesics and topical application

In palliative care, classical co-analgesics are prescribed as well, but the usage
frequency of these drugs is higher. This is due to the increased prevalence of difficult-
to-treat neuropathic and atypical pain in advanced illness patients, especially in those
with tumour pain. These pain syndromes cannot only be caused by the underlying
tumorous disease but also occur as a consequence of treatment [81]. With regard to
neuropathic pain, the fraction of pain caused by cancer treatment appears to be higher
than the fraction of pain as a result of the disease itself [81].

It can further be inferred that neuropathic cancer pain leads to significantly greater
impairment of the patient’s daily life and quality of life and, consequently, to a higher
need for analgesics than nociceptive cancer pain [82].

Here, too, evaluating pain quality plays a key role. In the treatment of neuropathic
pain, a number of antidepressants and anticonvulsants are mainly recommended.

Antidepressants are mainly used for sympatalgia (e.g., for permanent burning pain
accompanied by allodynia and tingling paraesthesia), while anticonvulsants like the
calcium channel blockers pregabalin and gabapentin as well as the sodium channel
blocker carbamazepine are primarily used for neuralgic pain.

• Recommended daily doses of common antidepressants in pain management:

◦ Amitriptyline (TCA):

a. 50–150 mg;

b. Initial dosage (ID): 1 x 10 mg;

◦ Doxepin (TCA):

a. 25–150 mg;

b. ID: 1 � 25 mg;

◦ Duloxetine (SNRI):

a. 30–60 mg;

b. ID: 1 � 30 mg;

◦ Venlafaxine (SNRI):

a. 75–150 mg;

b. ID: 1 � 75 mg;

◦ Mirtazapine (NaSSA):

a. 15–30 mg;

b. ID: 1 � 7.5 mg.
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In our experience, the usage of moderate doses of both antidepressants and anti-
convulsants is recommended in PCPs. We rarely prescribe higher doses than 150 mg
pregabalin or 300 mg gabapentin to minimise adverse drug effects.

Furthermore, analgesics are locally applied as well. On the one hand, topical
formulations of morphine are used in exulcerating wounds, for instance, extensive
ENT tumours, mammary carcinoma or decubital ulcers, applied as a 0.1% or 0.2% gel.
On the other hand, the local anaesthetic lidocaine—approved for use in postherpetic
neuralgia—can be applied as a 5% patch to many other local pain syndromes of
neuropathic origin, too, according to our experience. A lidocaine patch is applied for
12 hours a day. It can be cut if necessary and thus adapted to the affected areas. The
maximum daily dose is three patches.

In palliative care, the usage of capsaicin patches (i.e., 8% topical formulation) is
rather limited due to its unpleasant irritating effect on the skin, especially at initial
application.

Among all co-analgesics, ketamine comes to the fore as treatment in PCPs.
The substance is often considered as ultima ratio for neuropathic pain control. As a
highly lipophilic substance, this non-competitive N-methyl-D-aspartate (NMDA)
receptor inhibitor leads to substantial analgesia in tumour-associated neuropathic
pain as well as in ischaemic pain and in local pain syndromes when administered
in subnarcotic doses. The substance can be applied variously: intravenous
(0.5–1.5 mg/kg BW), subcutaneous, intramuscular, oral and topical [83]. Among
others, a blockade of NMDA receptors is associated with reversal of opioid tolerance.
Ketamine is metabolised via CYP3A4; interactions are hardly described. Ketamine is
rightly classified by the WHO as an “essential drug for the management of refractory
pain”.

According to our experience, S-ketamine should be applied orally as follows:

• In combination with apple juice for the improvement of gustatory perception;

• Gradual titration over the course of several days, that is:

◦ From day 1 on: 3 � 5 mg

◦ From day 3 on: 3 � 10 mg

◦ From day 5 on: 3 � 15 mg

◦ From day 7 on: 3 � 25 mg

◦ From day 10 on: 3 � 50 mg

Case study 1:

• Female patient, 57 y.;

• Diagnosis: metastasised cervix cancer, encircling the entire pelvic area and
lower abdomen;

• Severe pain, NRS 8–10: nociceptive and neuropathic (mixed-pain) in the entire
lower abdomen/small pelvis;
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• Initial treatment:

◦ Opioids in increasing dosage, converted to up to 1000 mg morphine
equivalents per day (in in opioid rotation technique) [84, 85]

◦ Co-analgesics:

a. Anticonvulsants, antidepressants;

b. Dexamethasone;

c. Bisphosphonates;

d. Non-opioid analgesics.

◦ No adequate pain relief!

• Thus, application of S-ketamine:

◦ Orally, gradually titrated;

◦ Starting at 3 � 5 mg/d to 4 � 250 mg/d (after 12 days);

◦ Hereunder, satisfying analgesia with reduced pain intensity of NRS 2–3.

10. Problem area: opioid-induced hyperalgesia

When advanced illness patients receive opioid therapy, they de facto find them-
selves set in a field of tension between pain, analgesia, development of tolerance
toward analgesics and opioid-induced hyperalgesia [86].

The phenomenon of opioid-induced hyperalgesia (OIH) is currently being described
with increasing frequency [87, 88]. Among other things, it is associated with the fact
that in the last two decades, more and more patients have been receiving permanent
opioid treatment. Nowadays, many patients not suffering from a tumour disease as well
as patients of advanced age and those living with dementia are also prescribed various
opioid substances for the treatment of chronic pain and dyspnoea.

OIH describes a clinical situation when patients on long-term opioid therapy sud-
denly, or amid dose increase, begin to experience an uptick in pain intensity. This
state is characterised by a hypersensitisation towards nociceptive stimuli, resulting in
exacerbating pain in intensity and quality, exceeding the expected analgesic effect of
dose increase (see Figure 17).

Risk factors for the occurrence of OIH constitute:

• Prolonged use of opioids;

• High doses of opioid analgesics;

• Frequent rotation of opioid classes;

• Frequent combinations of two or more different opioid substances;
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• Abrupt discontinuation of opioids (“withdrawal syndrome”), especially if the last
opioid substance has been taken for a long time;

• Administration of opioid antagonists amid long-term opioid therapy.

Adding to that, PCPs commonly exhibit several factors potentiating the above-
mentioned risks, such as:

• Atypical pain patterns, more frequently;

• Higher prevalence of neuropathic pain or mixed-pain syndromes [81];

• Often “total pain” syndrome (Figure 18).

OIH is a well-known complication of opioid therapy [89]. The underlying mecha-
nisms are not yet fully understood. Ultimately, imbalance of pronociceptive and
antinociceptive systems seems to play a major role [90, 91]. According to the
opponent-process theory, equilibrium is achieved by balancing the two opposing
processes, pronociceptive and antinociceptive. A shift in balance by influencing one of
the sides in particular can result in either opioid-induced analgesia or OIH.

Repeated opioid exposure leads to increasing activation of the pronociceptive
systems and thus to a decrease in the analgesic effect of opioids. At the same time, an
increase in the sensitivity of the nociceptors is observed as well as an activation of
pain-modulating and pain-inhibiting systems alike. Thus, this is a pronociceptive
process that is related to the processes of tolerance development to opioid substances
but differs distinctly from opioid tolerance [92]. Via the process of OIH, opioids may
enhance the sensibility towards nociceptive stimuli.

The following systems and mechanisms are pivotal to the development of OIH: [92].

• Central glutaminergic system;

• Spinal dynorphins may increase the levels of excitatory neuropeptides, enhancing
the response to nociceptive stimuli;

• Activation of descending antinociceptive spinal pathways;

• Genetic mechanisms;

• Reuptake reduction of neuropeptides and amplification of the nociceptive response;

◦ Possibly, morphine-3-glucuronide is involved in this process.

Figure 17.
Pain therapy decision-making depending on PCP life expectancy.
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Changes in the activity of NMDA receptors are also associated with hypersensitiv-
ity of nociceptive structures. In 2009, Silverman described several factors linking the
NMDA receptor to developing OIH: [86].

• NMDA receptors are found to be activated in OIH [93];

• Activation and inhibition of the glutamate transport system results in varying
levels of glutamate available as a ligand for NMDA receptors;

• Long-term opioid therapy can lead to NMDA receptor-induced apoptotic cell
death of spinal neurons in the dorsal horn;

• “Cross talk” between neural mechanisms of pain and tolerance may be
at work.

Amid inhibition of the NMDA receptor, the development of OIH and opioid
tolerance can be effectively prevented [86].

Unfortunately, the first possible signs ofOIH are often overlooked in clinical routine. In
addition, differentiating betweenOIH and opioid tolerance is de facto challenging.What
can assist us in correctly diagnosingOIH in time? Telltale signsmay include the following
[86]:

• Unexplained increase in pain amid ongoing opioid therapy;

• Occurrence of diffuse allodynia unrelated to the original pain;

Figure 18.
Schematic depiction of OIH. Source: Self-created.
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• Increase in pain intensity while increasing opioid dosage;

• Limited, short-termed pain relief after dose increase;

• Changes in pain intensity dynamics.

Therapeutic strategies are limited and not always lead to success. We have to
consider the importance of the following:

• Supporting the patient intensively in an interdisciplinary caregiving team;

• Continuous monitoring and repeated pain assessment;

• High individual freedom in therapeutic decisions, made by a qualified team;

◦ No prefabricated therapeutic schemes at hand!

• Careful reduction of the total opioid dose;

• Rotating opioids, choosing substances with higher antihyperalgesic properties:

◦ Different opioids possess varying degrees of hyper- or antihyperalgesic
qualities [90];

◦ That is, fentanyl, sufentanil and alfentanil hold relatively high hyperalgesic
qualities and are therefore considered to bear a significant risk for
developing OIH;

◦ Buprenorphine appears to have the highest antihyperalgesic activity
among the most commonly used opioid substances. In particular,
sublingual administration of buprenorphine seems to be an attractive
option [86];

◦ L-polamidone and methadone, as dual action mechanism opioids, can also be
employed for opioid rotation [94] due to their antagonistic effect on the
NMDA receptor;

◦ In general, combining opioids with varying receptor selectivity is
conceivable, thereby suppressing sensitisation processes and optimising pain
therapy (Figure 19).

• COX inhibitors and, questionably, paracetamol reduce spinal release of excitatory
neurotransmitters, which activate the pronociceptive and anti-opioid systems
and thus show a synergistic effect together with NMDA receptor antagonists;

• NMDA antagonist ketamine is an excellent antihyperalgesic substance [83];

• α2-agonists, such as clonidine, moxonidine and methyldopa, may be beneficial [87];

• Tricyclic antidepressants (TCA) are said to play a role in treating OHI by
inhibiting the release of acetylcholine;
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• Memantine as a non-competitive antagonist of the NMDA receptor is applicable;

• Nitric oxide (NO) is assumed to have an effect on NMDA receptors as well [95];

• Interventional regional pain therapy procedures, including blockades (i.e.,
sympathetic blockade), catheter procedures:

◦ Peripheral;

◦ Epidural;

◦ Intrathecal.

a. When applying non-opioid analgesics intrathecally, a rapid and
substantial reduction of opioid dosage is possible, and thus, an
attenuation of hyperalgesic mechanisms is feasible.

• Ziconotide intrathecally. The preparation, first obtained from the venom of the
Conus magus snail, is a highly potent non-opioid analgesic substance [96].
However, ziconotide can only be administered intrathecally and has an
unfavourable side effect profile. Both factors justify the reluctant usage in
palliative care and must therefore be considered merely as ultima ratio [97].

Our clinical observations have revealed that while opioid treatment remains a
valid, effective and often the main therapeutic option in treating patients with chronic
pain, we cannot consider it to be a panacea. Particularly in patients at advanced stages
of disease, significant comorbidities and a high symptom burden, it is not uncommon
for adverse drug effects, opioid tolerance or addiction to develop. Problems related to
OIH have been capturing more and more attention in recent years as well. This
prompts us to provide far-sighted, patient-centred support to our patients. Handling
the prescribed medication is a very sensitive and decisive issue, especially given that
polypharmacy is a common sight in PCPs. Furthermore, it is indispensable for the

Figure 19.
Antinociceptive and antihyperalgesic effects [91].
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caregiving team to reflect extensively together with the patient and his relatives (the
“Significant Others”) on the aspired and realistic extent of therapeutic success. In
doing so, talking frankly about possible side effects, complications and obstacles along
the way as well is vital. This process of joint reflection shapes the therapeutic strategy
and ultimately entitles us to make a mutual decision amid informed consent.

When facing a PCP in pain, there are myriads of various pharmacological and non-
pharmacological treatment options, pathophysiological mechanisms and phenomena,
obstacles and problem areas to consider along the way in order to establish effective
pain management. We as caregivers have to broaden our horizon and not treat
targeted pain therapy merely as a set of pharmaceuticals. “Differentiated pain ther-
apy” requires a whole new philosophy in dealing with advanced illness patients [98].

11. Invasive pain therapy: a feasible option in palliative care?

Until the 1970s, invasive or neurodestructive methods dominated pain therapy for
incurable (especially tumour) diseases. Invasive methods were used in ca. 85% of all
tumour patients, whereas currently the share of invasive pain therapy measures is
approx. 2–3% [99]. Given the advances in systemic pharmacotherapy, the proportion of
non-invasive pharmacological management of patients with cancer-related pain has
increased drastically. In 90 to 95% of cases, adequate pain control can be achieved via
non-invasive pain therapy [100]. Nevertheless, 5–10% of patients continue to suffer
from severe pain, even amid escalating combined systemic analgesic treatment [101].

In these situations, invasive pain management is one of the options to consider.
However, deciding on the use of aggressive pain management procedures in palli-

ative care is often not straightforward. One of the most important principles of
symptom control in PCPs is to alleviate discomfort without causing additional harm or
adding new distress to the patient. Thus, in the decision-making process, it is imper-
ative that we take into account the PCP’s stage of the incurable disease and, accord-
ingly, whether the invasive measures being considered are still appropriate.

Therefore, we see the option of invasive pain management in palliative care as an
additive therapy rather than a substitute for pharmacological treatment. However,
once the decision is made to go forward with invasive measures, the aim is twofold
[102, 103]:

• Improving the analgesic effect of the preceding therapy;

• Dose reduction of conventional opioids and mitigation of side effects.

Close monitoring of the opioid dose after the application of invasive procedures is
a top priority in order to avoid respiratory depression, especially in advanced phases
of the disease.

Possible indications for invasive pain management in palliative care include: [104].

• Therapy-refractory pain, after having applied all feasible options according to the
“WHO Analgesic Ladder”;

• Unbearable side effects of conventional systemic pain therapy;

• Oral route of drug administration inapplicable;
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• Tumour pain with a distinct neuropathic pain component, for example,
plexopathy;

• Therapy-resistant, persistent and relapsing breakthrough pain whose intensity is
significantly higher than the baseline pain.

The invasive procedures at hand may be categorised as either neuroablative and
neurodestructive, causing irreversible damage to neural structures, or
neuromodulative and neuroaugmentative, having a reversible influence on defined
neural structures or systems.

Neurodestructive methods include: [99].

• Surgical sectioning or partial destruction of the nerve, for instance, using
percutaneous catheter-assisted thermal lesion;

• Neurolytic methods utilising:

◦ Alcohol 96%;

◦ Phenol;

◦ Glucose 40%.

Neuroaugmentative procedures modulate neuronal ionic currents or chemical
information transmissions at the receptor or neuron of the spinal cord [99]. This also
includes spinal (epidural or intrathecal) drug application and spinal cord stimulation
(see Figure 20).

Reversible interruptions of stimuli with the help of local anaesthetics, such as
peripheral nerve blocks and percutaneous intrathecal or peridural blocks, are an effec-
tive option for pain management in palliative care. However, invasive neuroablative
methods, such as invasive neurolysis (i.e., percutaneous neurolysis of the celiac ganglion
or plexus hypogastricus), percutaneous or open chordotomy as well as percutaneous
rhizotomy, are hardly used in contemporary palliative care anymore [106–108].

Intrathecal analgesia has the following advantages: [109].

• Immediate effect of the substances at spinal receptors;

• Bypassing the hepatic first-pass metabolism;

Figure 20.
Neuroaugmentative measures in paint therapy [99, 105].

167

Pain Management in Palliative Care: What Is Significant?
DOI: http://dx.doi.org/10.5772/intechopen.112325



• Highest analgesic efficiency with relatively low toxicity in comparison with other
administration forms;

• Neuroaugmentative measure with temporary effect, not neurodestructive;

• Intrathecally applied; analgesics bear a potency at least 100 times higher than
orally and 10 times higher than epidurally applied; therefore:

◦ Lower doses and volumes required for comparable analgesic effect;

◦ Resulting in a more direct, local and targeted pain therapy;

◦ While observing relatively little craniocaudal spread and hence evaluating
the risk of serious respiratory or cardiovascular adverse drug effects as low
and reasonable.

Among others, the following substances can be applied intrathecally:

• Opioids, blockage of opiate receptors in the substantia gelatinosa of the spinal
cord:

◦ Morphine;

◦ Hydromorphone;

◦ Fentanyl;

◦ Sufentanil;

◦ Buprenorphine;

• Local anaesthetics, blockage of Na+ channels at Aδ and C fibres:

◦ Ropivacaine;

◦ Bupivacaine;

◦ Lidocaine;

• And other non-opioid substances:

◦ Ziconotide, blockage of N-type Ca2+ channels;

◦ Clonidine, agonist at the α2 receptor in the spinal cord;

◦ Ketamine, blockage of NMDA receptors in the spinal cord.

For intrathecal or epidural use via continuous application, local anaesthetics can be
combined with opioids, that is:
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• Bupivacaine 0.2% + Hydromorphone 0.02 mg/mL

◦ Starting at 0.5 mL/h

◦ Gradual increase, up to 1.5 mL/h

The following considerations are crucial for the practical implementation:

• The tip of the spinal catheter should be placed in the middle of the dermatome
level of the required blockage area;

• The positioning of the catheter is vital, and therefore, it has to be X-ray-
controlled;

• Substance spread within the spinal cord is limited to a few centimetres around
the catheter tip, whereby differences arise depending on the substance’s hydro-
and lipophilicity:

◦ Fentanyl, highly lipophilic: spread is oftentimes limited to area
encompassing two vertebrae from the catheter tip

◦ Morphine, highly hydrophilic: diffused spread and thus an effect similar to a
systemic effect.

With regard to decisions on therapy options in palliative care, the selection criteria
depend on the PCP’s current situation and estimated prognostic life expectancy,
which, among other things, can answer the question of the appropriateness of the
measures being considered (see Figure 17) [110, 111].

If the patient has a short life expectancy and a high symptom burden, the
decision would be made in favour of an epidural rather than a spinal catheter, with
an external pump for drug application. If the patient has a longer life expectancy and
is in an adequately good general state, an intrathecal (spinal) catheter may be justi-
fied, including the placement of an internal pump with subcutaneous catheter
tunnelling.

Most usefully, the pumps should be operated in PCA (Patient Controlled
Analgesia) mode. The following advantages apply to this procedure:

• Continuous administration allows for a constant level of analgesic substance to
attained;

• Combinations of different drugs are possible as well;

• Bolus administration is feasible as PRN (or rescue) medication for breakthrough
pain;

• Maximum amounts can be individually defined, facilitating good controllability
and preventing overdosing;

• The patient remains mobile and flexible.
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Case study 2:

• Female patient, 49 y.;

• Diagnosis: extensively cervicallymetastasised mammary carcinoma. Metastases
are palpable subcutaneously, that is, at the interscalene triangle, non-exulcerating;

• Tumorous lesions encircling the right brachial plexus, resulting in plexopathy;

• Severe pain of neuropathic origin: peripheral, neuralgic and sympathalgic pain
affecting the total upper right limb:

◦ Shooting, “lightning strike”-like pain extending all the way down into the hand;

◦ Burning pain attacks of the hand, up to NRS 10;

◦ Tingling paraesthesia, numbness affecting the hand;

◦ Allodynia;

◦ Vegetative phenomena: thermal dysaesthesia, local diaphoresis;

◦ Partial mono-palsy of the right arm and hand.

• Initial treatment:

◦ Opioids:

a. Initially, hydromorphone. Gradual dosage increase up to 2 � 64 mg;

b. In addition: fentanyl patch. Gradual dosage increase up to 125 μg/h.
Initially, changing patches every 72 h. Later, suspecting “end of dose
failure”, change at every 48 h;

c. PRN medication:

1.Hydromorphone acute 2.6 mg, max. 6� per day;

2.Hydromorphone 2 mg s.c., max. 6� per day;

3.Fentanyl sublingually (ROO), 100 to 400 μg, amid extreme pain
spikes.

◦ Co-analgesics, among others:

a. Pregabalin, up to 300 mg per days;

b. Amitriptyline, up to 100 mg per day;

c. Dexamethasone, up to 24 mg per day.
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◦ Non-opioid analgesics:

a. Parecoxib 40 mg i.v., 1/d for 10 days;

b. Metamizole 4–5 mg/d;

◦ Palliative radiotherapy of the region primarily affected.

• Only marginal mitigation of symptom burden (pain intensity fluctuating
between NRS 5–10), no adequate pain relief!

• Notably, the burning pain attacks of the hand are perceived as unbearable and
are not noticeably affected by the therapy. Due to the allodynia, the patient
achieves temporary limited pain relief by submerging her hand into
boiling water.

• Given the failure of the preceding pharmacological and radiotherapeutic
pain management to sufficiently alleviate the PCP’s symptom burden, a
decision has been made to establish a peripheral blockage of the right brachial
plexus:

◦ Initially, a diagnostical interscalene blockage utilising 20 mL of
ropivacaine 0.75% has been performed, resulting in almost complete
anaesthesia of the upper limb and painlessness;

◦ Given the difficulty of establishing a continuous blockage due to extensive
subcutaneous metastases, the permanent measure via the interscalene
triangle has been realised amid CT guidance;

◦ Successful blockage via the infraclavicular region. Retrograde, CT-
guided advance of the catheter tip towards the brachial plexus.
Subsequently, 5-cm tunnelling of the catheter to reduce the risk of infection
and catheter dislocation;

◦ Initiation of PCA analgesia via an external pump, utilising ropivacaine
0.375% and buprenorphine 0.4 mg/d.

• Substantial pain relief! Currently, pain intensity amounts to NRS 3 and rare BTP
episodes with reduced intensity of NRS 4. Subsequently, the opioid dosage
could be reduced to less than 50 mg/d of morphine (converted), up to 2 � 4 mg
of hydromorphone.

• Permanent (> 3 months) satisfactory symptom control (see Figure 21)!

12. Non-pharmaceutical aspects of pain management in palliative care

Preventive medicine and palliative care hold clinically relevant overlaps and are
both classic, yet so far underdeveloped, cross-sectional areas of health care [112].
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Due the common presence of severe comorbidities, a poor general state and a lower
resilience and endurance of the advanced ill, non-drug options of pain therapy are,
unfortunately, frequently set aside. However, these methods can be an effective addition
to drug treatment [113]. “Physiotherapy within the realms of palliative care is an excep-
tional means of preserving and improving quality of life and independence” [114].

Various methods can be considered as valid additive measures in pain therapy,
[112, 115] including:

• General physical methods, that is:

◦ Physiotherapy;

◦ Stimulation methods (e.g., transcutaneous electrical nerve stimulation, TENS);

◦ Massages;

◦ Lymphatic drainage;

◦ Positioning therapy;

◦ Occupational therapy;

Figure 21.
PCP with infraclavicular catheter amid tumour lesions encircling the brachial plexus. Courtesy of Centre for
Palliative Care, Unna, Germany. 2004.
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◦ Treatments with warmth and coldness;

◦ Vibrations and stimulation;

◦ Kinesiology tapes;

• Psychotherapeutic interventions, that is:

◦ Psychotherapeutically oriented conversations;

◦ Learning pain coping strategies

◦ Relaxation techniques;

◦ Stress management skills, biofeedback;

• Complementary measures, including:

◦ Homoeopathy;

◦ Aromatherapy;

◦ Acupuncture;

◦ Yoga, Qi-Gong;

◦ Reiki therapy;

◦ Rhythmic embrocation after Wegman and Hauschka;

◦ Singing bowl massage;

◦ Phytotherapy;

◦ Music therapy;

◦ Art therapy.

The significance and potential of rehabilitative measures in palliative care is
substantial:

• It opens up the possibility of directing the patient’s sight away from the illness
and his frailty itself towards the proper use of the PCP’s remaining resources. This
in some cases new perspective aids in strengthening salutogenesis, a more
positive attitude and resilience in general.

• In employing additional non-pharmaceutical approaches, the advanced ill feels
his needs and sorrows being taken seriously. He feels understood, and even the
slightest progress in addressing his symptom burden adds to his positivity. This
may foster hope.
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13. To ensure that pain management works well

What is the decisive factor for a good outcome of our efforts to ensure adequate
pain management in palliative care?

Caring for an advanced illness patient constitutes a multidisciplinary challenge.
Thus, when working together in a caregiving team of various professions, it is crucial
to reflect on one’s own actions and on those of the whole team with a critical look.

I asked my colleagues, especially the palliative care nurses: “What do you expect
from us, the doctors, in the joint care of an advanced illness person in pain?”

The answers turned out to be telling:

• Openness and willingness to engage in interdisciplinary exchange and hence to
share a preparedness to change perspectives;

• Focus on the patient’s needs and sorrows;

• Flexibility and creativity in everyday work;

• Ensuring a continuity of patient care: asking questions on one’s own initiative
regularly, performing continuous pain and symptom control;

• When establishing a treatment regime for pain management, always include PRN
or rescue medication;

• A close exchange of information between team members in the event of changes
in therapy is indispensable;

Figure 22.
When pain management succeeds. Courtesy of Centre for Palliative Care, Unna, Germany. 2006.
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• Enabling the nursing staff, especially at outpatient care services, to make
independent decisions on the administration of PRN medication within
clearly communicated boundaries to ensure flexible, timely and goal-driven patient
care. In order to do so, the colleagues have to be informed on, authorised for and
entrusted with the application of the rescue medication and its limitations;

• Demanding and promoting additional training of nursing colleagues within the
topics of palliative care and symptom control in particular.

The message for us doctors is to keep in mind seemingly simple notions—and to
implement them into our work. And we will be rewarded for it. Because the greatest
gift for us is our patients’ satisfaction, their calm glance full of joy, hope and peace
(Figure 22).
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Chapter 9

Scrambler Therapy in Acute  
and Chronic Pain: A Review
James A. Tolley

Abstract

Scrambler therapy utilizes a device and technique that delivers a non-invasive 
electro-analgesic treatment regimen to patients in pain, both acute and chronic. It has 
been used in many patients suffering from neuropathic pain and other causes of pain 
that have been resistant to other treatment modalities, including oral analgesics, opi-
oids, and nerve blocks. It operates using a specific protocol that requires training and 
experience but can be quite effective and lead to prolonged pain relief when admin-
istered appropriately. This chapter will review the relevant theory and mechanism 
of scrambler therapy and discuss the studies that have been conducted to evaluate its 
efficacy in a variety of pain disorders.

Keywords: scrambler therapy, chronic pain, acute pain, electroanalgesia, Calmare, 
neuropathic pain, neuropathy, non-invasive

1. Introduction

Chronic pain (CP) among adults is a common problem occurring in approximately 
20% of the population in the United States and Canada [1, 2]. The prevalence of CP 
can increase with age with a recent survey of the elderly demonstrating a rate of 78% 
among respondents [3], many of whom had a neuropathic component to their pain. A 
total of 24% were taking opioids as part of their pain management regimen. Concerns 
with the use of opioids have led to the search for non-opioid alternatives of which gab-
apentin is one such option. However, the number needed to treat (NNT) neuropathic 
pain with gabapentin is relatively high at 6.6 [4]. Duloxetine has also been used to treat 
chronic back pain with a NNT of 10 [5]. As a group, serotonin-noradrenaline reuptake 
inhibitors have a NNT of 6.4 in a meta-analysis of pharmacologic therapy for neuro-
pathic pain in adults [6]. Scrambler therapy has been touted as another alternative to 
treat neuropathic and other chronic pains with minimal side effects. This chapter will 
review scrambler therapy and its use to treat various chronic and acute pains.

2. Scrambler therapy history/mechanisms/theory

Scrambler therapy (ST) was developed in the early 1990s by Guiseppe Marineo 
in Italy [7]. It has been erroneously compared to transcutaneous electrical nerve 
stimulation (TENS), and although it is non-invasive and uses electrical stimulation, 
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that is where the similarities end. TENS achieves its effects through several potential 
mechanisms, one of which involves the gate control theory of pain [8] as proposed by 
Melzack and Wall [9]. It is postulated that the peripheral stimulation of larger myelin-
ated A-beta and A-delta fibers by the TENS device results in conduction blockade of 
the smaller pain transmitting C-fibers in the dorsal horn [8]. ST, alternatively, stimu-
lates C-fibers directly and operates under the principles of information theory [10].

According to Claude E. Shannon’s Information Theory [11], a communication 
system consists of five parts which are analogous to the components of the human 
nervous system, the purpose of which is to convey information about the environ-
ment to an individual. The information source produces the message, which in the 
case of pain, is the adverse stimulus that could cause potential harm to the organism. 
The transmitter alters the message and prepares it for transmission along the channel, 
which is what the nociceptor does in converting the stimulus into chemical informa-
tion and then an electric action potential to transmit along the unmyelinated C-fiber. 
The receiver then restores the original message as intended for the ultimate destina-
tion which would be analogous to the somatosensory cortex and human conscious-
ness, respectively [12].

Chronic pain is therefore a perturbation of an information system which ST seeks 
to correct. Guiseppe Marineo developed a device that acts as an artificial neuron to 
stimulate C-fiber receptors with “non-pain” information that the nervous system 
recognizes as “self” [10, 13, 14]. The commercially available version of the device 
contains five artificial neurons allowing for treatment of up to five areas of pain 
simultaneously [15]. Each artificial neuron can create 16 different synthetic action 
potentials which are then algorithmically combined into a total of 256 strings of 
“painless” information along with the “noise” that is necessarily present in informa-
tion systems [10].

Testing to verify the safety and efficacy of the artificial neuron technology was 
performed at the University of Rome Tor Vergata for seven years from 1999 to 2006 
on almost 2300 patients with severe neuropathic pain that had been refractory to 
other methods of treatment. Successful treatment was defined as more than 50% pain 
relief, and at 2-month follow-up, nearly 80% of patients had achieved this rate of suc-
cess with essentially no side effects [10]. This data along with a few other clinical trials 
was used to obtain marketing approval in both Europe and ultimately from the United 
States Food and Drug Administration in 2009 [10, 16].

The inventor of the device has provided several recommendations and observa-
tions to improve outcomes of ST both in his own writings [10] and in response [17] to 
a multi-center study with a much lower rate of overall success at 38.1% [18] compared 
to the initial data with success rates near 80%.

• Patient selection: ST was developed for use in patients with neuropathic or 
cancer pain as opposed to nociceptive or mixed type pains [17].

• Protocol: The treatment consists of 10 applications over the course of 2 weeks 
[18, 19]. This number may be modified if the patient presents for a daily applica-
tion and is pain-free or the patient may require more applications if taking a drug 
which can interfere with the response of the nervous system (see below).

• Provider: There is a learning curve associated with the use of the device [20], 
and it is recommended that electrocardiography electrodes with spongy contact 
surfaces are used along with a small amount of contact gel to optimize the 
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stimulation of the C-fibers [10]. Stimulation should occur in an area adjacent to 
the pain, ideally in a dermatomal distribution and should not be painful.

• Pharmacology: Drugs that interfere with action potentials, such as anticonvul-
sants and local anesthetics will decrease the effectiveness of ST. Ketamine can 
have a similar effect, while muscle relaxants may increase the incidence of side 
effects such as muscle weakness or hypotension [10].

Considering the proposed role of information theory in the mechanism of ST, 
these recommendations would make sense. Neuropathic pain can be thought of as a 
disturbance in the normal homeostatic processes of the C-fibers and their receptors 
leading to chronic, neuropathic pain. Yet C-fibers also transmit pleasant tactile sensa-
tions [21] suggesting the lack of pain necessary during ST treatment for maximal 
efficacy has a biologic basis as does the interference found with certain drugs. During 
treatment, the changes that led to chronic, neuropathic pain are in effect being 
reversed, leading to a normalization of C-fiber activity that can persist over time.

However, one should note that the inventor does hold the patent to the device 
[22] and has had financial arrangements in place to benefit from its sale [23]. This is 
not to say that the device does not work precisely as described nor with the proposed 
efficacy, but one should evaluate the available information critically. The remainder 
of the chapter will review several of the available studies and case reports based upon 
indication and will allow the reader to come to their own conclusions.

3.  Scrambler therapy for chemotherapy-induced peripheral neuropathy 
(CIPN)

As noted, ST was developed for use in patients with cancer pain or neuropathic 
pain [17], so it is not surprising that there are several studies looking at its use in 
patients who develop CIPN. In one of the first studies following FDA approval in 
2009, Smith et al. [24] published, in 2010, a pilot trial reporting results on 16 patients 
with CIPN of three months to eight years duration with an average age of 58.6 years. 
The average reduction in pain at the completion of 10 days of 60-minute treatments 
was 59%. There was no difference in opioid usage and no adverse effects were noted.

At the 2013 meeting of the American Society for Clinical Oncology, Campbell 
et al. [25] presented an abstract comparing ST to an active sham device that delivered 
a barely perceptible electric sensation designed to be nontherapeutic. There were 
seven patients with painful CIPN that started in each arm of 10 daily sessions of 
50 minutes. The authors state that there were no differences in the primary endpoint 
of pain reduction between groups but conclude that a sham is feasible and could be 
used for future controlled studies.

In 2013, Coyne and colleagues evaluated the effects of ST on 39 patients with 
cancer-related pain, 33 of which had CIPN [26]. The mean age of the patients was 
56.5. ST treatments were 45 minutes in duration and performed for 10 daily sessions 
over a two-week period. Outcomes for pain and several quality-of-life measures were 
compared at baseline and days 14, 30, 60 and 90. Pain was significantly improved at all 
points following the conclusion of ST as were items on the Brief Pain Inventory (BPI) 
related to mood, sleep and relationships. Opioid usage did not change, however. There 
were no side effects noted. The authors felt that ST was effective in relieving CIPN and 
suggested that ST should be further investigated for other forms of pain also.
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In 2015, Lee and colleagues published a pilot study on 20 patients with cancer-
related neuropathic pain (CNP) of whom six had CIPN [27]. Patients had received 
conservative therapy for at least six months prior to enrollment in the study. The 
principal investigator had received training on the device from the inventor in Italy 
and in turn provided training to the others who would administer the ST treatments. 
Treatment consisted of ten daily 40-minute sessions with the possibility of skipping 
two days for weekends. The median age of these patients was 57.0. The endpoints were 
assessed at 2 weeks following conclusion of the ST compared to baseline. The decrease 
in pain score was statistically significant, but only six of the 20 patients reported more 
than 50% pain relief at the 2-week follow-up. Half the patients were satisfied with the 
treatment. Regular opioid usage did not decrease but rescue usage just achieved sta-
tistical significance at P = 0.05. None of the patients reported any significant adverse 
events. The authors mention in the discussion that their pain relief was decreased 
compared to other studies. They mention the heterogenicity of pain characteristics in 
their patients but do not state if the patients were continued on anticonvulsants which 
may have impacted the results.

Also in 2015, a study of 37 patients with CIPN was reported by Pachman et al. [20]. 
Patients had to have CIPN for greater than or equal to one month with a pain score of 
4/10 or more. Patients were treated with up to 10 daily sessions of 30 minutes using 
ST. The average age was 58 with a range of 33 to 79 years. Patients were followed for 
10 weeks. The study noted an average reduction in pain score of 53% following 10 days 
of treatment which seemed to persist throughout the follow-up period. However, the 
authors also note that later patients seemed to do better than earlier patients presum-
ably as the study team gained more experience with the device and treatment protocol. 
Again, no adverse events were reported. The authors felt that this preliminary data 
showed ST may be effective for CIPN and called for additional studies.

In 2018, Tomasello et al. reported the results using ST for treating CIPN in 9 
adolescents aged 12 to 17 [28]. The teens received 45-minute treatments over 10 con-
secutive days. At the end of the 10-day period, pain was significantly improved from 
an average of 9.22 to 2.33. Quality of life was improved in such metrics as generalized 
activity, walking, mood, sleep and relationships. Patients were on a variety of anal-
gesic drugs which were tapered before or during ST. ST was tailored to each patient’s 
needs with some requiring 14 days of treatment and one needing 21 days. In all but 
one patient, the pain score was 0 at the end of ST, and all patients were able to stop or 
decrease their analgesic drugs. Seven of the patients remained pain free at six months 
of follow-up. There were no reported adverse effects. The authors called for further 
studies with larger sample size but felt that ST could represent a good “first-line treat-
ment” for CIPN given its efficacy and safety as well as the lasting effects.

In 2019, the results of a randomized phase II pilot study were published by 
Loprinzi et al. [29]. A total of 50 patients were randomized to receive either ST or 
TENS as a control group. The median ages were 61.5 for ST and 61.0 for TENS. ST 
sessions were for 30 minutes on 10 consecutive weekdays and TENS sessions were 
for 30 minutes per day for 14 days. Following the 2-week study period, patients were 
followed weekly for the next 8 weeks. A 50% or greater reduction in pain scores 
was seen in 40% of the ST patients and 20% of the TENS patients. At the end of 
the 8-week follow-up period, ST patients still had a 33% reduction in pain scores 
compared to baseline. One patient receiving ST noted minor ecchymosis at electrode 
placement sites and one noted contact dermatitis. Patients had to be willing to wean 
off gabapentin or pregabalin to participate in the study. The authors did not report 
other analgesic drugs that were being used nor the impact of the therapies on usage 
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during the follow-up period. Patients receiving ST were more likely to recommend 
that treatment to others compared to the TENS group. There was an opportunity for 
the patients to crossover to the other treatment group following the 8-week follow-up 
period which is reported below in a separate publication by Childs et al. [30].

Of the 24 patients that had completed ST, 12 chose to crossover to the TENS group. 
Of the 22 patients completing the TENS arm in the first portion of the study, 10 chose 
to crossover and try ST. Again, treatments occurred over a 2-week period followed by 
8 weeks of follow-up. The primary outcome of a 50% reduction in primary symptom 
score was achieved by 6 of the 10 patients undergoing ST and only 3 of the 12 patients 
treated with TENS (P = 0.11). Although not statistically significant, the trend was 
similar to the results of the initial phase and led the authors to conclude that larger 
studies on the efficacy of ST in treating CIPN are warranted [30].

In 2020, the results of a randomized trial of ST versus treatment with “sham” 
placement of electrodes was reported by Smith et al. [31]. A total of 35 patients were 
randomized with 17 in the ST group and 18 in the “sham” treatment arm. All patients 
were weaned off anticonvulsant medications. Treatments were for 30 minutes on 10 
consecutive working days. Outcomes were recorded at baseline, day 10, and days 28, 
60, and 90. The authors found no significant differences between the groups at any 
time point. Only 25% of patients in the ST group achieved a 33% reduction in pain 
at the 10-day mark compared to 17.6% in the “sham” group. Differences between the 
groups were not statistically significant. In the discussion, the authors offer several 
reasons as to why the results were not consistent with previous studies including place-
ment of the electrodes such that the “nonpain” signal was ineffectively transmitted.

More recent publications have been systematic reviews of the literature looking at 
the treatment of CIPN with either pharmacologic or nonpharmacologic means and 
included ST. In a review of randomized controlled trials (RCTs) of both pharmaco-
logic and nonpharmacologic management, Jones et al. [32] included three of the more 
recent studies mentioned above [29–31]. They point out the lack of statistical signifi-
cance in these three RCTs and feel that ST for treatment of CIPN is not supported 
[32]. In another review, also published in 2022, Wang et al. [33] included the three 
RCTs [29–31] as well as four single arm studies [20, 24, 26, 27] concluding that ST was 
of limited or no efficacy in the treatment of CIPN and that the inconsistency between 
RCTs and the other studies suggested a placebo effect.

Finally in early 2023, Klafke et al. [34] published clinical recommendations for 
nonpharmacologic treatment of CIPN using a systematic review and an expert 
consensus process. Interestingly, the only studies included for ST were those by Coyne 
et al. [26] and Loprinzi et al. [29]. There were no specific conclusions nor recom-
mendations for ST [34]. The authors felt that complimentary therapies should be 
considered in each individual case.

4. Scrambler therapy for cancer pain

The first reports of the use of ST involved patients with cancer pain and were 
published by the inventor of the technology. In 2003, Guiseppe Marineo reported on 
the use of ST in 11 terminal abdominal cancer patients [35], including pancreatic, gas-
tric, and colon cancer. Nine of the 11 patients were able to stop oral analgesics in the 
midst of the ST sessions, and the other 2 were able to reduce dosages. The same year, 
Marineo et al. [13] published the results of an additional 33 terminal cancer patients 
treated with ST for their pain. All patients responded to the ST and 72% of them were 
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able to stop oral analgesics completely while the rest were able to reduce the dosage 
considerably.

In 2013, Park et al. [36] reported a case series on three patients treated with ST 
that were not well managed with other modalities. All three patients were suffering 
from bony metastases and despite regional analgesic techniques in two of the patients 
and opioid usage in all three, pain scores ranged from 6 to 8 and severely impacted 
quality of life. The patients underwent 10 sessions of ST with a meaningful reduction 
in pain scores to 2–3.5/10 which lasted for two months. Two of the patients did have 
a worsening of pain at the two-month mark and underwent a second round of 10 ST 
sessions.

Two years later, a pilot study of ST for treating pain from bony and visceral metas-
tases as well as primary tumors refractory to other therapies was published [37]. The 
study was a retrospective case series of 25 consecutive patients treated with ST who 
had failed standard treatments at the time. The average age of the patients was 62.0. 
All patients received at least 50% reduction in pain scores which lasted from 4 to 
24 weeks. The average pain score was reduced from 8.4 at baseline to 2.9 following ST. 
Patients reported an increase in the average number of sleeping hours from 4.4 to 7.5. 
The authors state that patients reported a decrease in the usage of breakthrough opi-
oids but do not quantify this information. They reported no adverse effects from ST.

In 2017, a series of three women with difficult to manage chronic post-mastectomy 
pain (cPMP) treated with ST was reported by Smith et al. [38]. ST sessions were 
45 minutes in duration, but none of the patients required 10 consecutive treatments to 
obtain marked relief of over 75%. Quality of life improved for all three patients. One 
patient was able to wean off chronic opioids and another returned to work. Pain relief 
lasted for several months and treatments were repeated as necessary. There were no 
adverse effects noted.

The following year, another positive case report using ST for the treatment of 
pain due to breast cancer-related lymphedema was published [39]. The patient was 
39 years old and had undergone a right mastectomy. Four years later, she underwent 
ST for a total of 10 sessions of 45 minutes each for treatment of pain. Her pain score 
was reduced from 8/10 to 2/10. No mention is made of other prior therapies for her 
pain nor is there any period of follow-up reported.

In 2020, a randomized controlled trial on the use of ST in pain due to head, neck 
and thoracic cancer was published by Kashyap et al. [40]. The study was specifically 
designed to determine the impact of ST on opioid usage in patients experiencing 
cancer pain. A total of 80 patients were enrolled into 2 arms, a control group and an 
intervention group receiving ST, which consisted of 40-minute treatment sessions 
over 10 consecutive weekdays, in addition to the usual analgesic therapy. One patient 
in the ST arm was lost to follow-up after the ninth day of ST because his pain had 
completely resolved and found further treatment unnecessary. Mean pain scores 
were similar at baseline between the two groups (6.57 for control and 6.65 for ST) and 
decreased during the trial period in both arms. However, the reduction in pain was 
greater in the ST group, and this difference was statistically significant from the third 
treatment onward. The total reduction in pain scores over the 10 days of treatment 
was 3.42 in the control arm and 5.91 for the ST group. There was no difference in the 
usage of tramadol, but a statistically significant reduction in the usage of morphine by 
the end of ST treatments. The authors suggested that being the “stronger” of the two 
opioids, morphine was reduced preferentially. There were no adverse effects reported 
with ST. The authors concluded that the use of ST for refractory head, neck and 
thoracic cancer pain is recommended.
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This same group published the results of their quality of life (QOL) comparisons 
in a separate paper [41]. QOL assessments were conducted at baseline, at the end of 
the 10 days of ST, and at one week after the last ST session. Baseline QOL were similar 
between the two groups. Overall QOL worsened in the control group during the study, 
while it improved significantly for the ST intervention group. The authors felt that if 
QOL had been impacted solely by pain, there might be some improvement in the control 
group since there was pain reduction in both groups. It should be noted that morphine 
consumption did increase slightly in the control group which seemed to correspond 
with the changes in QOL. The authors felt that the benefits of ST could be explained by 
improved pain as well as decreased morphine intake and its related side effects.

Another case report on the use of ST for pain from bone metastases in a single 
patient was published in 2021 [42]. The 69-year-old patient with metastatic non-small 
cell lung cancer was severely limited in the ability to use his right arm due to scapular 
and humeral head involvement and the resultant pain. He had undergone radiation 
several months prior and cryoablation to the scapular mass one month prior to ST 
without benefit. He remained on his oral analgesic regimen but after six 30-min-
ute sessions over 10 days, he was pain free and able to use his right arm to eat. He 
remained pain free for several weeks until his death.

Finally in 2020, Kashyap and Bhatnagar [43] published a systematic review on the 
use of ST for cancer pain. Their review included several of the studies mentioned in 
this section on cancer pain and the section on CIPN as well as some studies on chronic 
pain that contained mixed patient populations some of whom had noncancer pain. 
The reader is referred to the paper as it is a good source of references related to the 
topic of ST and cancer pain over the past 2 decades. They conclude that large RCTs 
are still needed but that ST may be an option for cancer pain unresponsive to other 
modalities.

The next section of this chapter will look at the available evidence for the use of 
scrambler therapy (ST) in other types of neuropathic pain unrelated to cancer or 
chemotherapy.

5. Scrambler therapy for peripheral neuropathic pain

Neuropathic pain occurs due to a disorder that affects the somatosensory nervous 
system and can have multiple etiologies affecting the peripheral or central nervous 
systems [44]. There is often a combination of loss of sensation and pain which can be 
spontaneous or evoked in the affected area. Examples would include post-herpetic 
neuralgia (PHN), diabetic neuropathy (DN), and central post-stroke pain to name a 
few. There is an excellent treatise on neuropathic pain published in 2021 by Finnerup 
et al. to which the reader is referred [44]. This section will discuss peripheral neuro-
pathic pain while the next will discuss central neuropathic pain.

In 2012, the inventor of the ST technology along with several other authors [45] 
published a small RCT in which 52 patients were randomized to receive either stan-
dardized guideline-based drug management with amitriptyline, clonazepam, and 
oxycodone versus the same drug treatment with the addition of ST for 10 treatment 
sessions of 45 minutes each. There were 26 patients in each group with either PHN, 
post-surgical neuralgia, or spinal cord stenosis. Baseline pain scores were reduced 
from 8.1 to 5.8 in the control group and from 8.0 to 0.7 in the group receiving ST at 
one month and continued to be significantly reduced at three months. Furthermore, 
there was a significant reduction in the usage of pain medications in the ST group 
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with more than half of those taking opioids and anticonvulsants able to eliminate 
them entirely. There were no adverse effects from the ST.

A series of 3 patients with PHN treated with ST was published in 2013 [46]. All 3 
patients were elderly women who had failed other methods of treatment and despite 
daily analgesics suffered from pain scores ranging from 6 or 7 out of 10. Each under-
went 10 ST sessions of 50 minutes each. By the end of the treatments, all patients had 
a pain score of 2 which only increased slightly to 3 or 4 at one month follow-up. There 
were no adverse effects reported.

Another case report of a 54-year-old woman was reported four years later [47]. 
There was no mention of prior or current analgesics. The patient underwent 10 ST 
sessions of 40 minutes. By the end of therapy, her pain score had decreased from 7 at 
baseline to 1, and QOL scores had increased. There were no reported adverse effects. 
There was no reported follow-up period, so it is unclear how long the effects lasted.

A more extensive case series of 10 patients with PHN was reported by Smith and 
Marineo in 2018 [48]. The patients consistently had pain scores greater than 5/10 and 
were part of a subgroup of two other studies, one of which was previously reported 
[45], that was analyzed separately. Patients were treated for 30 to 45 minutes with 10 
weekday sessions of ST [48]. The average pain score decreased from an average of 7.64 
at baseline to 0.42 at one month follow-up with continued marked improvement at 
three months. Five of the 10 patients had complete resolution of pain, and most were 
able to reduce or cease the use of oral analgesics. There were no adverse effects reported.

A prospective study of 45 patients with neuropathic pain of various etiologies 
treated with ST was published in 2018 [49]. Etiologies included lumbar radiculopathy, 
PHN, and trigeminal neuralgia to name a few. The primary endpoint was a decrease in 
the number of signs and symptoms of neuropathic pain according to the Neuropathic 
Pain Diagnostic Questionnaire (DN4) [50]. Patients underwent 45-minute sessions of 
ST on 10 consecutive weekdays [49]. Sessions were discontinued if the pain resolved 
or continued if the patient was continuing to receive benefit. Four of the patients had 
complete resolution of pain prior to completing 10 sessions. The median number of 
sessions was 10.5 with a range of 5–20. Of the 45 patients, 62.2% had a decrease in the 
DN4 score and 88.8% had a greater than 50% reduction in pain intensity.

Also in 2018, a case report on the treatment of DN using ST was published [51]. 
The patient was 45 years old and had been treated with insulin for five years. She 
developed bilateral plantar foot pain with subsequent electromyogram demonstrating 
peripheral polyneuropathy. Her pain score was 6/10. She did not respond to oral anal-
gesics nor regional analgesia with injections of bilateral posterior tibial nerves and 
lumbar sympathetic ganglion blocks. She underwent 45-minute ST treatment sessions 
once per week for 10 weeks placing the electrodes around the ankles. Her pain score 
decreased to 2/10 by the end of treatment and one week later. It was decided that the 
patient would return when she felt it necessary and had not returned for six months.

Another case report using ST for the treatment of DN was published in 2021 
[52]. An 80-year-old woman with longstanding severe DN in the hands and feet was 
treated with 3 sessions of ST of 40 minutes. She had no adverse effects attributed to 
ST but did develop recurrent atrial fibrillation which prevented further treatments. 
However, her pain score had been reduced from 8/10 to 0/10 which persisted at four- 
and 11-months post treatment.

In 2021, a prospective study analyzed subgroups of neuropathic pain phenotypes 
to determine if there was a differential response to ST based upon phenotype rather 
than etiology of the pain [53]. Twenty-five patients completed the study which 
consisted of a total of 10 ST treatments of 30 minutes each. The investigators divided 
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the 25 patients into three clusters based upon responses to the Neuropathic Pain 
Symptom Inventory [54]. They found that patients with paroxysmal pain had more 
favorable outcomes than persistent pain [53]. The overall reduction in pain across the 
25 patients was only 22%. The authors acknowledged that the ST operator’s experi-
ence was limited and that 93% of the patients were taking anticonvulsants both of 
which have been suggested could have an impact upon outcomes [10]. The authors did 
feel that the more favorable response in paroxysmal pain could be due to damaged Aβ 
fibers [53], and since ST is felt to utilize C-fibers for transmission of the “non-pain” 
signals, the response to ST is preserved.

A narrative review of the four main neuromodulation modalities was published 
in 2022 [55], and evaluated spinal cord stimulation (SCS), peripheral nerve stimula-
tion, TENS, and ST. Most of the literature that the authors were able to find related 
to SCS and TENS. They were only able to find the two case reports on ST treating DN 
noted in the above paragraphs. The authors concluded that SCS had the most data for 
efficacy, while data for TENS was mixed. There was simply not enough data available 
for ST and more studies are needed in treating DN.

In 2021, Abdi et al. published a focused review summarizing the history of ST, its 
mechanism of action, and the evidence at that time regarding the clinical effectiveness 
of ST in treating noncancer neuropathic pain [7]. Several of the studies have been 
mentioned in this section, but others have either mixed etiologies or include patients 
with cancer and noncancer pain that will be discussed in subsequent sections. The 
authors call for more clinical trials to confirm the positive findings reported thus far.

6. Scrambler therapy for central neuropathic pain

In 2018, D’Amato presented a case report in which a 52-year-old woman developed 
central neuropathic pain following resection and radiation of a brainstem medullary 
cavernoma [56]. She had suffered from a burning pain to her left leg for 12 years prior 
to ST. Oral analgesics including antidepressants, anticonvulsants, and opioids were 
of limited effectiveness, and her pain was 6/10 which would increase to 10/10 with 
activity. Pregabalin was discontinued prior to 10 ST sessions of 45 minutes each. By 
the completion of ST, her pain was 0–0.5/10 for almost two months when the pain 
returned. She underwent an additional 5 sessions of ST which reduced her pain to 
2/10 for the next three months. She remained on duloxetine and only took occasional 
tramadol while enjoying improved physical functioning.

In 2019, there was case report using ST for the treatment of persistent central 
neuropathic pain following transverse myelitis [57]. The 65-year-old woman had tried 
multiple oral medications, including opioids, as well as meditation and acupuncture 
over the course of more than three years prior to ST which was administered in 
45-minute sessions over 10 consecutive weekdays. Her pain was rated at 5/10 on the 
morning of her first session. Pain was in both lower extremities, her torso, and right 
arm. By the end of the 10 treatment sessions, her pain had essentially resolved and 
remained at low levels for 90 days. Her sleep and activity tolerance improved.

A year later, the same primary author published the results of a randomized 
single-blind, sham-controlled trial in patients with neuromyelitis optica spectrum 
disorder [58]. A total of 11 patients were assigned to the ST group and 11 to the sham 
group. Both ST and sham sessions were conducted for 10 consecutive weekdays for 
35 minutes each. Baseline measures of pain severity, pain interference, sleep dis-
turbance, anxiety and depression were obtained. These were reassessed at the end 
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of treatment and at 30- and 60-day follow-up. The ST arm saw median pain scores 
decline from 5.0 at baseline to 1.5 which was statistically significant, whereas the 
sham group experienced a small, insignificant decline from 5.0 to 4.0. A reduction 
in depression was seen in the ST group, but scores related to anxiety, sleep and pain 
interference failed to reach statistical significance. Pain scores remained significantly 
decreased at 30 days (p = 0.0195) but not at 60 days (p = 0.0518). There were no seri-
ous adverse effects reported.

Also in 2020, a case report of a 56-year-old man with centralized post-stroke 
thalamic pain, or Dejerine-Roussy syndrome, treated with ST was published [59]. 
After six years of disabling pain, multiple daily 40-minute ST treatments followed by 
monthly booster treatments were able to nearly eradicate his pain allowing resump-
tion of normal activity and cessation of all pain medications without any side effects.

In 2021, a case report treating centralized neuropathic pain associated with 
Parkinson’s disease was published by Wang et al. [60]. A 63-year-old man suffered 
from constant shocking and burning pain in the lower extremities with severe 
nighttime pain flares in a “coat-hanger” distribution. The patient received a 35-min-
ute ST treatment for his legs and the area of his nighttime flares during which his 
baseline pain of 5/10 decreased to 0/10 which lasted for three days. He was able to 
sleep through the night without any lower body or upper body pain or spasms. His 
second 35-minute treatment resulted in no pain for seven days. He then had a third 
and fourth treatment 24 hours apart with the result that his pain remained at 0/10 
for six weeks. He reported markedly improved sleep and quality of life and wished to 
undergo booster treatments as necessary.

7. Other studies and case reports using scrambler therapy

This next section will discuss other uses for scrambler therapy. While some of 
the studies could have been included in the previous four sections on cancer-related 
pain and non-cancer neuropathies, they are included here either because they are 
larger studies including patients with both cancer and non-cancer pain, or they are 
somewhat unique, and it was felt that they should be included in their own section. 
This would include use of ST for treating pruritus in burn patients and the use of ST 
in acute pain or pediatric patients.

7.1 Larger studies with mixed groups of patients

In 2012, Sparadeo et al. [61] reported the results of 173 patients treated for chronic 
neuropathic pain. There were four groups including isolated spine pain, neuralgia, 
complex regional pain syndrome (CRPS), and multi-site pain patients. Patients 
underwent 10 treatment sessions of ST. The baseline pain score across all patients was 
7.24 which had significantly decreased to 1 immediately following the final treatment. 
A total of 91 of the patients agreed to a 3–6-month follow-up survey with a mean 
follow-up period of 4.2 months. All seven variables of the Brief Pain Inventory (BPI) 
Score [62] were significantly reduced at follow-up. The authors concluded that ST is 
an effective treatment for chronic neuropathic pain [61].

In 2011, Ricci and colleagues [63] published the results of a prospective study of 
73 patients with chronic pain, 41 of which had pain related to cancer and 32 with 
non-cancer pain. The etiologies and characteristics of the pain were quite varied 
with some having nociceptive pain, others with neuropathic pain, and others with 
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mixed characteristics. The length of time the pain was present was variable as well as 
whether the pain was continuous or intermittent. ST treatments were for 30 minutes 
on 10 consecutive weekdays. The authors did report results for patients with and 
without cancer pain. The patients with cancer pain saw pain scores decrease from 
5.4 to 1.4 and those with non-cancer pain from 7.0 to 1.8 by the end of treatment. At 
the 2-week follow-up period, pain scores remained significantly reduced at 2.6 and 
3.4 respectively. At the end of the 4-week study, the authors reported that 81% of the 
overall group had achieved a response. There were no adverse events reported. The 
authors felt that further research might lead to possible explanations for the 20% of 
patients that exhibit no response to ST treatment.

Eight years later, Ricci et al. [64] published the results of an additional 219 patients 
using the same methodology as their 2011 study above. In this study, 83 patients had 
cancer pain, and 136 had non-cancer pain. Again, they analyzed the results of each 
individual group (cancer and non-cancer) as well as all patients together. As in the 
first study, pain etiologies were quite varied. The cancer patients saw pain scores 
decrease from 6.25 to 2.90 following ST treatment and 2.97 two weeks later. The 
non-cancer patients had a reduction of pain scores from 6.55 at baseline to 3.42 at 
the end of ST. These reductions were statistically significant. There were no adverse 
events reported. The authors do not provide the percentage of responders versus non-
responders but do state that overall, 10.5% of the patients were pain free at the 2-week 
follow-up after completion of ST. There were 44 patients that repeated ST following 
successful treatment due to pain recurrence. The majority repeated treatment at two 
to five months following the first round of ST. Repeat treatments were able to reduce 
pain significantly from 6.27 at baseline to 2.94 at 4 weeks.

In 2015, there was a large multicenter retrospective analysis published on behalf 
of the Scrambler Therapy Group out of Italy [65]. There were 201 patients treated in 
one year with a variety of reasons for chronic pain, including PHN, low back pain, 
peripheral neuropathy, polyneuropathy, and other causes of chronic pain. The base-
line pain score was 7.41 prior to the typical 10-day treatment course with 45-minute 
sessions. Following treatment, the mean pain score was 1.60. The success rate, defined 
as greater than 50% reduction in pain score, ranged from 82 to 93% when the four 
major types of chronic pain were analyzed separately. The authors note medication 
reductions among several oral analgesics and total elimination of opioids in 55 out of 
77 patients. Three-month follow-up showed improvements in pain, sleep, and other 
quality of life metrics.

There was a prospective, double-blinded, randomized, sham controlled trial 
of military veterans suffering from chronic pain due to combat injury or repetitive 
use trauma published in 2020 [66]. The data from 47 patients were analyzed with 
28 in the active ST group and 29 in the sham group. Pain scores were evaluated at 
baseline, at the conclusion of ten 30-minute sessions of treatment (ST or sham), and 
four weeks following the conclusion of the intervention. Most of the patients (97%) 
suffered from low back pain with radicular symptoms. Overall, 90% of patients 
responded to treatment regardless of the group assigned, and the authors found no 
difference in the reduction of pain, use of analgesics, and quality of life.

The inventor of the technology penned a letter to the editor [67] regarding the 
above study [66] stating that the protocol did not appear to comply with the methods 
of use presented to the FDA. He further states that because the proper use of ST 
requires operator and patient interaction for proper placement of the electrodes, 
it is essentially impossible to perform a true double-blinded study. He had submit-
ted another letter [68] nearly a decade earlier in 2011 noting the same issues with 
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the methodology of another study [63] and referenced many other methodological 
problems that existed [68]. As a result, a three-day training course on theory of ST 
and practical applications had been developed.

7.2 Burns

In 2016, there was a pilot study published on the use of ST in the management of 
burn scar pruritus [69]. Sixteen patients were treated with 10 weekday sessions of 
40 minutes. The electrodes were placed on the skin surrounding the burn. If pruritus 
was not reduced at the beginning of treatment, electrodes were repositioned. The 
degree of pruritus was rated from 0 to 10, analogous to a pain scale. The degree of 
interference with daily activities was measured using the Leuven Itch Scale (LIS) 
[70]. Scores were recorded at baseline, following five treatments, and at the end of 10 
treatments [69]. The degree of pruritus decreased significantly at both 5 and 10 days. 
Scores were 6.75 at baseline, 5.06 at day 5, and 4.13 at day 10. LIS scores also showed 
significant improvement. The authors concluded that ST was a feasible alternative for 
treatment of burn scar pruritus and further study was warranted.

In 2022, several of the same authors were part of a group that published the results 
from a prospective, double-blind RCT using a sham control [71]. Ten consecutive 
weekdays were used for treatment sessions of 45 minutes. The ST group received a 
stimulus that was the maximal amount tolerated without pain, whereas the sham 
group received a very low level of stimulus throughout the session. Measures of 
pain, depression and function were assessed at baseline and at the end of treatment. 
Furthermore, MRIs of the brain were obtained, and cerebral blood flow (CBV) was 
mapped at both time points. There was a total of 43 patients with 20 in the ST group 
and 23 in the sham group. Six of the 20 ST patients’ pain improved such that they 
did not complete the two weeks of the study protocol and only data from 14 were 
included in the analysis. Both groups had a reduction in pain from baseline to the 
completion of treatment. The ST group median pain score decreased from 6 to 3, 
while the sham group decreased from 7 to 6. The publication stated that both changes 
were significant and that the p value for the sham decrease of 7 to 6 was actually more 
significant (p = 0.001) than the ST group (p = 0.004). There were also significant 
differences in CBV between the two groups, and the reader is referred to the study for 
a more detailed discussion [71].

7.3 Chronic post surgical pain

In 2019, Yarchoan et al. published a case report on two patients who received ST to 
treat post-surgical scar pain [72]. One of the patients was a 57-year-old woman with 
thoracotomy pain following surgery and chemoradiation for lung adenocarcinoma. 
Her pain was 9/10 which was reduced to zero 20 minutes into a 30-minute session. 
This relief lasted nearly six months. The other patient was 70 years old and under-
went partial hepatectomy for cancer. Her pain prevented her from wearing a seat belt 
and a bra. It was constantly present and worsened significantly with movement. She 
underwent a 40-minute treatment session which eliminated her allodynia and pain, 
but the pain returned so on the eighth day, she underwent another treatment. At 
three months, her pain had remained at 2/10 or less.

In 2020, an additional two cases were published in a report by Kashyap et al. [73]. 
A 40-year-old male presented six months following adrenalectomy for cancer with 
6/10 pain in the left lower back and iliac region. Oral analgesics escalated over the 
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next six months to include 10 mg of morphine every 4 hours to maintain 6/10 pain. 
He underwent 10 sessions of ST of 35 minutes each after which his pain score had 
decreased to 1/10 and the morphine was no longer needed. The second patient was 
a 56-year-old male with carcinoma of the right buccal mucosa at the time of disease 
recurrence and reoperation. Subsequent pain of 6/10 on the right side of the face and 
chest despite tramadol prompted the use of ST as an alternative. Following 10 sessions 
of 35 minutes each, the patient’s pain score was 0/10.

7.4 Other isolated case reports

Scrambler therapy has been used for several other chronic pain disorders for which 
isolated case reports are available including low back pain in which pain and depres-
sion was improved [74], arthritis of the knee with resulting improvement in pain 
and quality of life [75], and for paraneoplastic neuropathy and pruritus in which two 
patients were treated with very positive results [76].

One of the more impressive case reports involves the use of ST for treating HIV-
related peripheral neuropathy [77]. In 2017, Smith et al. reported on a 52-year-old 
man suffering from neuropathy since 1998 who had been on long-acting morphine 
and oxycodone since 2012. In just four treatments of 45 minutes, his pain had 
decreased from an average of 8/10 to 1–2/10 on the right foot and 4/10 on the left. He 
was able to stop his opioids. Six months later, pain had returned in the toes such that 
he underwent only two treatments with one additional treatment four months later.

There are two case reports using ST to treat neuropathic pain associated with 
amyloidosis. In the first [78], a 58-year-old man with lower extremity neuropathy for 
a few years was diagnosed with amyloidosis and underwent chemotherapy. His pain 
spread to involve the trunk and upper extremities. The patient required methadone and 
oxycodone as part of his oral analgesic regimen. ST was effective in reducing his upper 
extremity pain by 40–50% but it only lasted for three weeks. He eventually underwent 
placement of an intrathecal drug delivery system. The second case report [79] describes 
a 70-year-old woman with 13 years of peripheral neuropathy from amyloidosis that 
was worsened by chemotherapy. She underwent four daily 40-minute treatments of ST 
for her upper extremities which declined to zero and lasted eight months. She did have 
worsening of lower extremity neuropathy and requested ST for that pain as well.

The first known case of ST used to treat pain from schwannomatosis was reported 
in 2022 [80]. A 48-year-old woman underwent five treatments to her right groin 
and anterior thigh during which her pain was reduced from 6/10 to 0/10 which had 
persisted for a minimum of three weeks.

Scrambler therapy has been used successfully in the treatment of radial and femo-
ral nerve injuries following extracorporeal membrane oxygenation [81]. It is a brief 
report, but the pain score was reduced from 8/10 to 0.5/10 for two months following 
two days of treatment. In a letter to the editor [82], the use of ST to treat phantom 
limb pain is described. Following 10 weekday sessions of 30 minutes each, the patient 
remained pain free at two-month follow-up from a starting pain of 7/10.

Finally, there is a case report on the use of ST for pain and joint range of motion 
following arthroscopic rotator cuff repair [83]. It is unclear from the report how soon 
following surgery that ST was used for this patient and whether this was as part of the 
acute recovery process or as a result of chronic pain following surgery. The pain score 
was reduced from 8 to 1 following 10 sessions of ST and presumably physical therapy. 
Range of motion was likewise increased, but it is difficult to know how this would 
compare to ordinary post-operative progress.
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7.5 Low back pain

In 2011, a small prospective study of eight patients with chronic low back pain was 
reported by Ghatak et al. [84]. Eight patients, half of whom were female, underwent 
six treatment sessions of 45 minutes each with pain scores and the Oswestry Disability 
Index (ODI) [85] compared at baseline and following the sixth treatment. Mean pain 
scores decreased from 8.1 to 3.6 and the ODI showed a significant improvement in 
functional status with the reduction from 49.9 to 18.4 being statistically significant.

An abstract on the use of ST for failed back surgery syndrome presented at the 
2011 Annual Meeting of the American Society of Interventional Pain Physicians 
reported on 10 patients following 10 sessions of 60 minutes [86]. They reported a 
28% reduction in pain without side effects.

In one of the more interesting studies published in 2015, Starkweather et al. [87] 
conducted a double-blind RCT dividing 30 patients into an active ST group and a 
sham group. Not only did the investigators compare pain scores and pain interference, 
but they also conducted quantitative sensory testing (QST) and drew blood to look 
at the mRNA expression of 84 genes involved in the pain pathway, i.e., transduction, 
maintenance, and modulation. The sham treatment was conducted with the same 
device at what was felt to be a subtherapeutic threshold for ten 30-minute sessions 
while the active group received ST. Each group was assessed at one and three weeks 
following the conclusion of treatment. The ST group showed a significant decrease in 
both pain and interference, whereas the sham group did not. There were differences 
between the groups on QST testing with the ST group experiencing less sensitivity 
to pain. There were 10 genes identified with differential expression in the ST group 
compared to the sham group at the three-week follow-up period when compared to 
baseline. In the discussion, the authors note that the levels of nerve growth factor and 
glial-derived growth factor were significantly lower in the ST group compared to the 
sham group at three weeks post treatment. Elevated levels of these proteins have been 
implicated in the process of peripheral sensitization [88], although it is unclear what 
role they might play in chronic low back pain.

8. Scrambler therapy for complex regional pain syndrome

There is one publication of four cases of adults with complex regional pain syn-
drome (CRPS) who have been treated with ST [89], although the report by Sparadeo 
et al. [61] mentioned previously did include 20 patients with CRPS. In the case report 
[89], the adults ranged from 41 to 70 years of age with a duration of CRPS symptoms 
from 4 to 38 months. The ST treatments were 45 minutes in duration and the required 
number to obtain complete pain relief ranged from 7 to 12 sessions. Baseline pain 
scores were 7/10 or above, and the pain free duration was 6 to 21 months without the 
need for medications. The authors felt that ST could be an effective treatment modal-
ity for patients with CRPS.

9. Scrambler therapy in pediatric patients

In addition to the nine adolescents who received ST for the treatment of CIPN 
reported by Tomasello et al. [28], there is a single case report of ST used to treat 
neuropathic pain related to leukemia in an 11-year-old [90] and one case report 
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using ST to treat an episode of acute pain [91]. The patient with leukemia [90] was 
suffering from left groin and thigh pain. Lesions were discovered on pelvic MRI 
that were thought to involve the obturator nerve. Because the patient and caregiver 
were fearful of injections, rather than obturator nerve block, the patient underwent 
45-minute ST sessions over three days during which pain was reduced from 8/10 to 
zero. Medications, including fentanyl patch, were weaned and discontinued. One 
month later, the patient remained pain free. In the other case report [91], a 12-year-
old girl with a history of congenital myopathy and removal of osteoblastoma of the 
foot treated with surgery six years prior, developed acute right scapular pain without 
occurrence of trauma or any specific etiology. She continued to have 5/10 pain even 
after ketorolac and diazepam. She underwent four days of ST treatments of 45 min-
utes each after which she was pain free. She remained pain free for at least eight weeks 
following treatment.

10. Author’s commentary

As a pediatric anesthesiologist and chronic pain physician, my interest in Scrambler 
Therapy began in 2013 when I had first learned about it while treating a pediatric 
patient with recalcitrant CRPS. The patient went to Dr. D’Amato in Rhode Island to 
undergo ST (aka Calmare). Although it did not change her pain, and she eventually 
required implantation of a spinal stimulator [92], I was intrigued by the concept. Since 
that initial exposure, I have sent several patients to New Jersey for ST, many of whom 
have had quite impressive results. Anecdotally, I felt that there was an “art” to the 
treatments and that experience played a role in outcomes. After the research for this 
chapter, I can see that my impressions were correct. CRPS has been called the “suicide 
disease” due to the unrelenting pain that patients experience and feel that suicide is the 
only means by which they can achieve relief. Almost half (49.3%) of adult patients with 
CRPS have contemplated ending their lives, and 15.1% have attempted suicide with 
average attempts of 2.1 [93]. It would be difficult to imagine the prospect of lifelong 
agony as a child or adolescent with CRPS. It is therefore my hope that more research into 
the effectiveness of ST for the treatment of pediatric CRPS can occur to add an addi-
tional modality in treating this disabling and excruciatingly painful disorder.

11. Conclusion

Scrambler therapy has been in use for more than 20 years and has been used 
to treat a wide variety of painful conditions especially those that are neuropathic 
in nature. It operates using a unique mechanism that is designed to recalibrate the 
nervous system and reverse changes that can theoretically occur with chronic pain. 
Although there are many studies and case reports that have examined its efficacy and 
have demonstrated the ability of scrambler therapy to decrease the use of opioids and 
other analgesics, it is still misunderstood and has yet to be widely adopted in the treat-
ment of chronic and acute pain.
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Chapter 10

Vestibular Migraine
Kristina Ryliškienė and Mantas Jokubaitis

Abstract

The consensus diagnostic criteria for vestibular migraine (VM) are used to 
specifically describe episodic vestibular symptoms associated with migraine. 
Because of an incomplete understanding of the etiology, a variety of clinical 
manifestations, and overlap with other vestibular disorders, the precise prevalence 
of VM is unknown. Clinical examination during vestibular episodes and vestibular 
laboratory tests interictally are more commonly abnormal in patients with VM than 
in controls, but none of the findings are specific for the diagnosis. The majority of 
information about VM treatment originates from case studies and retrospective 
reviews. In this chapter, the current epidemiology data, pathophysiology, signifi-
cance of clinical and laboratory findings, and possible therapeutic approaches with 
existing and new medications or devices will be discussed.

Keywords: vestibular migraine, epidemiology, diagnostic criteria, pathophysiology, 
treatment

1. Introduction

Migraine and dizziness are frequently reported symptoms in clinical neurology. 
In a recent meta-analysis [1], it was found that the relative frequency of headache-
associated vertigo in patients with migraine was 33.9%; however, there was significant 
heterogeneity between analyzed studies. Other researchers have reported episodic 
vertigo as a prodromal symptom in 3.3% of migraine patients [2], whereas headache 
phase-associated vertigo frequency varied between 6.4% and 44.7% [2–4]. Various 
names were interchangeably used to define a clinical entity that incorporates vestibu-
lar and migraine symptoms, including “migrainous vertigo, migraine-related ves-
tibulopathy, migraine-associated vertigo, and migraine-associated dizziness” [5]. In 
1999, Dieterich and Brandt coined the term vestibular migraine (VM), which is now 
used to describe vertigo or vestibular symptoms during a migraine attack [6]. Due 
to the heterogeneous clinical presentation, the lack of biological markers, and high 
comorbidity with other vertigo-causing diseases even in the presence of established 
diagnostic criteria [5, 7], diagnosis of VM might be challenging. VM is currently 
either underdiagnosed or misdiagnosed, and disabling vestibular symptoms still lack 
the approved management [8].
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2. Vestibular migraine

2.1 Definition and diagnostic criteria

Currently, there are globally used International Headache Society and Barany 
Society consensus criteria for VM diagnosis (see Table 1) [5]. The diagnostic criteria 
are solely based on history taking. Only criterion D is based on the absence of physical 
examination or laboratory findings that might imply an alternative diagnosis.

Even though they are joint criteria of the two societies, in their respective clas-
sifications (the third edition of the International Classification of Headache Disorders 
[9] (ICHD-3) and International Classification of Vestibular Disorders (ICVD)), there 
are some differences. In ICHD-3, the criteria are more stringent, and VM is classified 
under the appendix, indicating that further research is needed and VM criteria have 
not yet been sufficiently validated to include in the main body. In contrast, ICVD 
includes additional criteria for probable VM in order to minimize the exclusion of 
patients affected by VM and to facilitate research. Despite the presence of official 
diagnostic criteria for VM, some researchers argue that they should be even expanded 
and potential subtypes of VM refined, as has been done for migraine headache [8, 10].

Although VM is considered an episodic vestibular disorder, the available literature 
indicates that a large proportion of patients experience symptoms between the attacks [5]. 

International Headache Society criteria for 
VM and Barany Society consensus criteria 
for definite VM (ICHD-3, 2018; ICVD, 2012, 
updated 2022)

Barany Society consensus criteria for probable VM 
(ICVD, 2012, updated 2022)

(A) At least 5 episodes with vestibular symptoms 
of moderate or severe intensity lasting 5 minutes 
to 72 hours

(A) At least 5 episodes with vestibular symptoms 
of moderate or severe intensity, lasting 5 minutes to 
72 hours

(B) Current or previous history of migraine with or 
without aura according to the ICHD-3 criteria

(B) Only one of the criteria B and C for vestibular 
migraine is fulfilled (migraine history or migraine 
features during the episode)

(C) One or more migraine features with at least 
50% of the vestibular episodes:

1. Headache with at least two of the following 
characteristics:

a. One-sided location

b. Pulsating quality

c. Moderate or severe pain intensity

d. Aggravation by routine physical activity

2. Photophobia and phonophobia

3. Visual aura

(C) Not better accounted for by another vestibular or 
ICHD diagnosis

(D) Not better accounted for by another vestibular 
or ICHD diagnosis

ICHD-3—the third edition of the International Classification of Headache Disorders; ICVD—the International 
Classification of Vestibular Disorders; VM—vestibular migraine.

Table 1. 
Criteria for vestibular migraine by the international headache society and for definite and probable vestibular 
migraine by the Barany society [5, 7, 9].
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ICVD discusses chronic VM, which may be associated with interictal visually induced, 
head motion-induced, or persistent dizziness. Because these symptoms are reported by 
a significant number of patients, upon further research, chronic VM may be included in 
a revised version of ICVD [5]. However, it may be more appropriate to make a coexisting 
diagnosis of persistent-postural perceptual dizziness (PPPD) if criteria for that condition 
are met [5, 7].

Additionally, there are other disorders closely related to VM. Migraine with 
brainstem aura (previously called basilar migraine) may also manifest with headache 
and vertigo; however, this diagnosis requires at least two focal neurologic brainstem 
symptoms in addition to visual, sensory, or dysphasic aura, and these criteria are met 

Benign paroxysmal vertigo (of 
childhood) (ICHD-3, 2018)

Vestibular migraine of childhood 
(ICVD, 2021)

Recurrent vertigo of 
childhood (ICVD, 2021)

(A) At least five attacks fulfilling 
criteria B and C

(A) At least five episodes with 
vestibular symptoms of moderate 
or severe intensity lasting between 
five minutes and 72 hours

(A) At least three episodes 
with vestibular symptoms of 
moderate or severe intensity, 
lasting between 1 minute and 
72 hours

(B) Vertigo occurring without 
warning, maximal at onset, and 
resolving spontaneously after 
minutes to hours without loss of 
consciousness

(B) A current or past history of 
migraine with or without aura

(B) None of the criteria B 
and C for vestibular migraine 
of childhood

(C) At least one of the following five 
associated symptoms or signs:

1. nystagmus

2. ataxia

3. vomiting

4. pallor

5. fearfulness

(C) At least half of the episodes are 
associated with at least one of the 
following three migraine features:

1. Headache with at least two of 
the following four character-
istics:

a. One-sided location

b. Pulsating quality

c. Moderate or severe pain 
intensity

d. Aggravation by routine 
physical activity

2. Photophobia and phonophobia

3. Visual aura

(C) Age < 18 years

(D) Normal neurological 
examination and audiometric and 
vestibular functions between attacks

(D) Age < 18 years (D) Not better accounted 
for by another headache 
disorder, vestibular disorder, 
or other conditions

(E) Not attributed to another 
disorder

(E) Not better accounted for 
by another headache disorder, 
vestibular disorder, or other 
conditions

ICHD-3—the third edition of the International Classification of Headache Disorders; ICVD—the International 
Classification of Vestibular Disorders.

Table 2. 
Criteria of benign paroxysmal vertigo, vestibular migraine of childhood, and recurrent vertigo of childhood by 
the international headache society and Barany society [9, 11].
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by less than 10% of VM patients [9]. Therefore, while a subset of patients may fit the 
diagnostic criteria for both disorders, they are recognized as distinct entities.

ICHD-3 defines benign paroxysmal vertigo as an episodic syndrome that may be 
associated with migraine, which occurs primarily (but not exclusively) in healthy 
children. In 2021, the Barany Society proposed a new consensus document [11] with 
an aim to change the terminology from “benign paroxysmal vertigo” to definite and 
probable “VM of childhood” and “recurrent vertigo of childhood.” Contrary to the 
ICHD-3 criteria, which do not specify an age limit, the ICVD criteria do (see Table 2). 
One of the reasons for the change of terminology was confusion about the term “par-
oxysmal,” which is designated for vestibular symptoms lasting less than one minute. 
Additionally, while being thought to be a migraine precursor, the diagnosis of benign 
paroxysmal vertigo does not include any migrainous characteristics [11]. Migraine 
diagnosis is commonly absent due to a short clinical history of headaches and difficul-
ties distinguishing children’s symptoms [12]. However, a substantial proportion of 
children with episodic vertigo also display migraine features. New criteria distinguish 
these groups by employing a continuum ranging from probable and definite VM to 
recurrent vertigo of childhood, allowing for more precise research [11].

2.2 Epidemiology and comorbidity

The precise prevalence of VM is unknown; however, it is thought to be a very com-
mon condition, with an estimated prevalence of 1% to 2.7% in the general population 
[13, 14] and 11–13% in specialized dizziness and headache centers [15, 16]. Probable 
and definite VM was the most frequent episodic non-positional non-ischemic ves-
tibular syndrome in primary care [17]. In both familial and non-familial cases of VM, 
there was a female predominance in most of the studies included in systematic review 
[13]. The mean age of onset of VM in patients with concurrent migraine and vertigo 
manifestation was found to be 22.7 ± 10.4 years, whereas patients with a non-simulta-
neous presentation of symptoms were somewhat older, with a mean age of onset for 
vertigo of 35.6 ± 12.4 years and 24 ± 8.9 years for migraine [18].

The frequent comorbidity of migraine with other vertigo-causing diseases compli-
cates diagnosis and undoubtedly distorts data on VM prevalence. Comorbid condi-
tions and disorders associated with VM include benign paroxysmal positional vertigo 
(BPPV), Ménière’s disease (MD), motion sickness, Mal de Debarquement syndrome 
(MdDS), PPPD, and anxiety disorder [19, 20].

BPPV is one of the most common causes for short episodic dizziness and vertigo 
[21]. Migraine patients have a 2.5-fold increased risk of BPPV recurrence, whereas 
BPPV patients have an increased risk of migraine [22–24].

MD and VM share many similar clinical features. Patients with MD present with 
migraine twice as often as the control group [25, 26].

Motion sickness, visually induced motion sickness (VIMS), and corresponding 
disorders may co-occur, and the severity of symptoms may be increased by a variety 
of vestibular disorders, including VM [27].

MdDS is a syndrome defined by non-spinning vertigo with an oscillatory percep-
tion that occurs within 48 hours of the end of passive motion. The symptoms last for 
at least 48 hours and are temporarily alleviated by recurrence of passive motion [28]. 
Migraine headaches may develop alongside the onset of MdDS and worsen as the 
disease progresses [29].

PPPD is characterized by one or more symptoms of dizziness, unsteadiness, or 
non-spinning vertigo, which are present on most days for three months or more and 
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are exacerbated by upright posture, active or passive movement, and exposure to 
moving or complex visual stimuli. VM attacks are one of the most common precipi-
tating conditions leading to the development of comorbid PPPD [30].

Cross-sectional studies conducted in specialized vertigo and dizziness centers 
revealed that nearly half of the dizzy patients had a psychiatric disorder compared to 
20% of the general population [31–33]. Nevertheless, psychiatric comorbidities were 
not consistent across different vestibular disorders. VM had one of the highest rates 
for psychiatric comorbidity (49%). In addition, anxiety and phobic disorders were the 
most common among VM patients (32.6%) [31].

It must be highlighted that any vestibular disorder might be complicated by 
migraine. Therefore, the nonspecific co-occurrence of migraine and vestibular symp-
toms necessitates the consideration of differential diagnoses (see Chapter 2.5).

2.3 Pathophysiology

The pathophysiology of VM is multifactorial and not fully understood, as evi-
denced by the multitude of hypotheses proposed to explain VM. Suggested central 
mechanisms include a cortical spreading depression induced by an unknown trigger 
impacting the vestibular cortex and, as a result, affecting brainstem vestibular nuclei 
via vestibular-thalamic cortical pathways or a brainstem aura directly affecting these 
nuclei [34, 35]. Yet only 2–30% of individuals fulfill the migraine aura criteria, that is, 
vertigo lasting 5 to 60 minutes prior to the onset of the headache [36].

In addition, altered sensory processing and integration have been proposed as 
one of the contributing mechanisms for VM [24]. In order to maintain spatial ori-
entation when the head position is changed, the brain must integrate vestibular and 
visual inputs. Inaccuracies in this process have been described in VM patients with 
spatial perception errors consistent with overestimation of the head position [24, 37]. 
Consequently, VM patients predominantly report dizziness when their heads are 
tilted in the same direction, which causes greater spatial orientation error, indicating 
that altered sensory processing and integration may be a cause of visuospatial symp-
toms in VM [24].

Alternatively, activation of the trigeminovascular system represents a peripheral 
mechanism. The inner ear, cochlear nucleus, and superior olivary complex are inner-
vated by neurons of the trigeminal ganglion [38, 39]. It has been previously shown 
in experimental studies that chemical and electrical stimulations of the trigeminal 
ganglion cause a considerable increase in inner ear blood flow and alterations of 
vascular permeability, causing plasma protein extravasation and disruption of inner 
ear metabolism [40, 41]. The chemical stimulation in VM occurs by substances released 
during the cortical spreading depression (potassium, glutamic, and arachidonic acid), 
which activate the trigeminal pain receptors and neurons of the trigeminal nucleus [42]. 
Moreover, this notion is supported by painful electrical stimulation to the trigeminal 
nerve, triggering peripheral spontaneous nystagmus or enhancing pre-existing sponta-
neous nystagmus in migraine patients [43]. In addition, calcitonin gene-related peptide 
(CGRP) has been identified in sensory fibers that innervate vestibular nuclei and the 
inner ear, explaining the possible role of CGRP inhibitors in the treatment of VM [44].

There has been research associating migraine and vertigo to ovarian hormones, 
particularly estrogen and progesterone [45]. Vestibular symptoms in women can 
become more severe or begin around menopause, which may be explained by the 
modulating action of ovarian hormones on monoaminergic systems in various 
cerebral structures, including the vestibular and trigeminal nuclei.
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VM has been documented in families with an autosomal dominant pattern and 
reduced penetrance in men [46]. Additionally, VM is related to familial hemiplegic 
migraine (FHM) and episodic ataxia type 2 (EA-2) in that both conditions frequently 
present with vertigo and migraine. Furthermore, VM is associated with mutations 
of CACNA1A (coding for neuronal calcium channel), ATP1A2 (coding for Na/K 
ATPase), and SCN1A (coding for voltage-gated sodium channel), which may occur in 
FHM and EA-2 [47].

2.4 Clinical characteristics

VM patients frequently experience vestibular symptoms following headache; 
fewer patients have vestibular symptoms right before headache, whereas some indi-
viduals never experience headache and vestibular symptoms simultaneously [24].

The most common vestibular symptoms include spontaneous vertigo, positional 
vertigo, head motion-induced vertigo, and visually induced vertigo [13, 24]. However, 
patients frequently employ a variety of different terminologies to describe these 
symptoms, reflecting the diverse internally perceived experiences. The majority of 
VM patients experience more than one vestibular symptom during an acute attack, 
with the most common being spinning vertigo (72%), disequilibrium and/or Mal de 
Debarquement (58%), and rocking/tilting sensation (43%), whereas most common 
migraine symptoms include headache (81%), visual aura (26%), and photophobia 
(23%) [48]. Vertigo is frequently triggered by head motion (44%), visual stimuli 
(41%), or positional change in the supine position (25%) followed by spontaneous 
vertigo [49]. Nausea is also common (55%), with almost 20% of all patients pro-
gressing to vomiting [48]. The duration of vestibular symptoms varies greatly, with 
approximately 30% of patients estimating that the symptoms continue for minutes, 
30% for hours, and 30% for days. The remainder 10% describe fluctuating daily 
symptoms [24]. Additionally, one study found that visually induced dizziness (89%) 
and head motion-induced dizziness (66%) were extremely common during the 
interictal period [19].

Along with vestibular symptoms and migrainous headache, VM patients fre-
quently experience unilateral or bilateral auditory symptoms such as tinnitus (52%), 
aural fullness (41%), mild and easily reversible low-frequency hearing loss (21%), and 
even otalgia (8.4%) [50]. However, because of their great incidence in other vestibular 
disorders, it was decided that auditory symptoms should not be included in the VM 
diagnostic criteria [5].

2.5 Differential diagnosis

Differential diagnoses for VM include MD, BPPV, vertebrobasilar transient isch-
emic attacks (TIAs), vestibular paroxysmia (VP), and episodic ataxia type 2 (EA2).

MD is characterized by recurrent spontaneous vertigo lasting 20 minutes to 
12 hours and cochlear signs: sensorineural hearing loss, fluctuating tinnitus, and 
aural fullness [51]. VM and MD are the most difficult diagnoses to differentiate 
between, usually necessitating several follow-up visits to a specialist in order to make 
a clear distinction [52]. Patients meeting both definite VM and definite MD criteria 
have been described repeatedly in the literature, suggesting the possibility of an 
overlap syndrome and a shared pathophysiology [53]. Signs and symptoms such as 
aural pressure, tinnitus, migrainous headache, auras, and endolymphatic hydrops 
can occur in both of these disorders. Nevertheless, a low-frequency hearing loss is 
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the key finding that differentiates MD from VM [52]. Hearing loss in VM typically is 
bilateral and down sloping as opposed to unilateral or asymmetric and flat in MD [5]. 
The Barany Society recommends diagnosing MD even if migraine symptoms occur 
during episodes of vertigo. Additionally, only patients with different types of attacks 
who meet the diagnostic criteria for VM and MD (in respect to different attack types) 
should be diagnosed with both disorders [7].

BPPV is a common cause of paroxysmal (less than 1 minute) dizziness and vertigo, 
which occurs due to abnormal stimulation of the semicircular canals by otoliths [21]. 
The primary distinction between BPPV and VM is the duration of the vertigo episode: 
an acute episode of BPPV lasts less than one minute, whereas a typical episode of VM 
lasts 5 minutes to 72 hours [5]. Although residual dizziness and associated symptoms 
in BPPV may be misinterpreted as an active continuation of the vertigo episode, a 
thorough history taking and the use of repositioning maneuvers that result in semi-
circular canal-specific nystagmus with latency, as opposed to persistent nystagmus of 
moderate velocity in VM, may help in differential diagnosis [5, 54].

Although rare, vertebrobasilar TIAs can occur as isolated episodes of vertigo, 
lasting minutes to hours without additional brainstem symptoms; however, TIAs are 
not associated with headache and usually follow a course of increasing frequency (if 
evident cardiovascular risk factors are not corrected) rather than weeks or months of 
vertigo-free periods as in the case of VM [36, 55]. In suspected stroke cases, HINTS 
(head impulse test, nystagmus, and skew test) examination may be beneficial [54].

VP is distinguished by brief (less than a minute, usually a few seconds) episodes 
of transient vertigo that are unrelated to migraine attacks. Successful treatment with 
carbamazepine or oxcarbazepine may also aid in diagnosis [5, 54].

EA2 is a genetic autosomal dominant disorder that typically manifests at the age 
of 20 [55]. EA2 is characterized by a sudden onset of vertigo and associated with 
headache and ataxia [52, 55]. Vertigo episodes can last from hours to days and are 
usually brought on by emotional stress, physical exertion, and alcohol consumption 
[55]. The time between episodes can range from a few days to several years. As a result 
of the clinical similarities, the vertigo caused by EA2 cannot be reliably distinguished 
from VM [52, 55]. Additional changes in MRI consist of cerebellar atrophy of anterior 
vermis, and treatment with acetazolamide may attenuate or prevent attacks in up 
to 50 percent of patients [55]. The combination of these clues, together with typical 
triggers and a positive family history, may help in diagnosis.

2.6 Clinical and laboratory findings

The heterogenic nature of VM is reflected by great variation of vestibular and 
audiological findings between different investigators and even across patients. The 
neurologic examination is usually normal between acute attacks. Some studies have 
reported various oculomotor abnormalities interictally in up to 55% of individuals 
such as spontaneous, gaze evoked, central positional nystagmus, or smooth pursuit 
deficits; however, they were nonspecific [6, 56–59].

During vertigo episodes, up to 71% of patients had spontaneous nystagmus, with 
horizontal direction in 50%, down-beat in 12%, and up-beat in 10% [56]. In addition, 
it was found that the use of a visual fixation block can reveal low-velocity positional 
nystagmus, which is either horizontal, vertical, or torsional [36]. Furthermore, 
spontaneous horizontal nystagmus can be provoked by the headshaking test in 35% 
of VM patients during an attack [36]. Interestingly, one study found that severe 
spontaneous horizontal nystagmus with a speed greater than 12 degrees per second 
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was more sensitive and specific for MD, whereas spontaneous vertical nystagmus was 
more specific for VM [60]. A majority of VM patients show unidirectional nystagmus 
during repeated attacks, with only a small fraction displaying nystagmus direction 
reversal [56]. Additionally, an abnormal head impulse test may accompany spontane-
ous horizontal nystagmus in VM, indicating a unilateral deficit in the vestibuloocular 
reflex [36]. During episodes of VM, most patients have impaired stance and gait, with 
difficulties performing the Romberg test, tandem gait, or even standard gait [36].

There are no conclusive tests to confirm VM. The diagnosis is based on consensus 
criteria, and VM should be regarded as a diagnosis of exclusion. Nevertheless, due 
to a variety of phenotypes, VM may mimic other vestibular disorders, in which case 
additional testing might be beneficial; thus, instrumental findings will be further 
discussed. The absence of any structural lesions supports the diagnosis of VM and can 
reduce patients’ anxiety.

Video head impulse testing (vHIT) performed interictally may demonstrate 
reduced gain of lateral semicircular canals; however, gain changes in addition to 
saccade frequency, amplitude, and duration are insignificant compared to normal 
controls [56]. In contrast, a majority of VM patients during acute vertigo display vHIT 
results consistent with peripheral dysfunction [56, 61].

Caloric testing is rarely useful in distinguishing VM patients from those with other 
causes of vertigo [20, 36]. Bithermal caloric testing is abnormal in approximately 
15–20% of patients, with the most common deficits being a reduced unilateral response, 
directional preponderance, and, in some cases, a reduced bilateral response [36, 56].

On a firm surface, posturography findings do not differ between VM patients and 
control groups; however, on a foam surface, the mean center of gravity sway velocity 
with eyes open and closed is increased in VM patients [58]. Nonetheless, posturog-
raphy results are insufficient to diagnose VM and must be interpreted in conjunction 
with other vestibular tests.

Vestibular-evoked myogenic potentials (VEMPs) have recently received additional 
attention in the differential diagnoses of VM and MD [62]. By testing for cervical 
VEMPs, it is possible to selectively measure the function of saccule, while ocular 
VEMPs reflect the function of utricle [63]. In a recent study, it has been found that the 
decrease in saccular function is greater than the decrease in utricular function in MD, 
whereas the degree and asymmetry of saccular and utricular dysfunctions in VM are 
low and tend to be equal in both labyrinths. As a result, different patterns of saccular 
and utricular dysfunctions may help differentiate VM from other causes of dizzi-
ness over time [62]. However, several other studies measuring VEMPs have yielded 
contradictory results [49, 64, 65]. Although the rate of VEMP abnormalities is higher 
in patients with vestibular disorders than in controls, there are as yet insufficient data 
to confirm that VEMPs can confidently distinguish between VM and MD [20, 36].

Even though many VM patients have mild auditory symptoms, audiometry results 
show that the majority of individuals have normal symmetric function or age-related 
symmetric high-frequency hearing loss, whereas only less than 8% of patients 
display asymmetry or loss of hearing in more than one frequency [56]. On the other 
hand, audiometric testing should be performed in patients who exhibit any auditory 
symptoms during or between attacks to confirm the subclinical or evident hearing 
loss, which is characteristic of MD. It should be noted that while initial testing may be 
negative, in the case of unknown diagnosis, follow-up audiometry could add addi-
tional value [66].

Endolymphatic hydrops, a characteristic finding of MD classically described in 
the literature, may also occur in VM. According to studies performing high-resolution 
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MRI of the inner ear, the presence of endolymphatic hydrops was found to be the 
most common in MD (79%), the least common in VM (12%), and intermediate in 
the VM-MD overlap syndrome (25%; i.e., when both criteria of VM and MD are met) 
[48]. Moreover, studies report a relatively high prevalence of endolymphatic hydrops 
in healthy controls [10]. As a result, while the rate of endolymphatic hydrops in VM 
is lower than that in MD, there is still controversy about the utility of distinguishing 
these two diseases based on the presence of hydrops. Alternatively, in cases of sus-
pected VM, the main indication for neuroimaging is a new onset of isolated vertigo 
lasting minutes in those with additional vascular risk factors to exclude vertebrobasi-
lar transient ischemic attacks [36].

2.7 Treatment of vestibular migraine

There are currently no evidence-based treatment guidelines for VM [67]. 
Furthermore, randomized controlled trials are scarce, and most treatment recommen-
dations are based on either case series, individual case reports, or retrospective studies 
with no control groups. In addition, patient documentation of headache and vestibular 
symptoms could significantly improve the rate of correct diagnosis and be used to 
assess treatment efficacy in everyday practice; nevertheless, it is still underused.

2.7.1 Non-pharmacologic treatment

Education in VM is one of the most important aspects of disease management. 
Reassuring patients that the episodes are only temporarily disabling and not related 
to stroke and not associated with permanent hearing or vestibular function loss may 
significantly help to relieve VM-associated anxiety. Although follow-up studies show 
that as many as 90% of patients still suffer from VM after 9 years of initial diagnosis, 
the frequency of vertigo decreases in over 50% of patients [68]. As a result, cautious 
positive expectation formation is reasonable.

Identifying modifiable lifestyle factors that contribute to VM (e.g., sleep distur-
bances, stress, insufficient physical activity, food triggers) and encouraging patients 
to take an active role in their disease management is another key intervention during 
consultation. In addition, vestibular rehabilitation should be recommended as it may 
increase the threshold of a VM attack to some extent [54]. Vestibular rehabilitation 
typically consists of four groups of exercises (gaze stability exercises, habituation 
exercises, gait and balance training, and walking to improve endurance), and some 
studies, albeit with low-quality evidence, suggest that it may be more effective than 
pharmacologic intervention [54, 69]. Furthermore, some randomized controlled 
trials concerning alternative non-pharmacologic prophylaxis (e.g., acupuncture) are 
underway [70].

Lastly, studies with external trigeminal nerve stimulation (eTNS) and non-
invasive vagus nerve stimulation (nVNS) for acute VM symptoms (including both 
vertigo and headache) have shown promising results, with no intolerable side effects 
and mean vertigo reduction of 61.3% with eTNS and 46.9% with nVNS [71, 72].

2.7.2 Treatment of acute attack

In the case of short, infrequent, and mild episodes of VM, it should be discussed 
with the patient whether pharmacologic treatment is indicated. On the other hand, 
if significant vertigo and/or nausea lasts longer than the time required for the drug to 
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start working (usually more than 30 minutes), pharmacologic intervention should be 
initiated [36]. Despite the lack of high-quality evidence on efficacy, acute VM treat-
ment mainly consists of antivertiginous and antiemetic medications [36, 54, 55, 73]; 
see Table 3. In addition, benzodiazepines may be used to suppress vestibular system 
and consequently reduce the symptoms of acute VM. Triptans have been reported to 
reduce vertigo; however, most studies investigating triptans in the treatment of acute 
VM provide low-quality evidence [75–77]. The combination of different classes of 
aforementioned drugs may be used if nausea and/or vomiting is particularly severe. 
Additionally, analgesics should be added if headache is present. Finally, in treatment-
resistant cases, intravenous methylprednisolone has been shown to be successful in 
some case reports [78].

2.7.3 Preventive treatment

Most medications for VM treatment are targeted at prophylaxis. Prophylaxis may 
be appropriate for patients who have long, frequent, and severe episodes or in cases 
of acute treatment failure. In addition, combining pharmacologic and non-pharma-
cologic treatment (e.g., vestibular rehabilitation) may be more effective than either 
treatment alone [73].

Due to a lack of trials focusing specifically on VM, treatment approaches are 
based on migraine research with the goal of reducing the frequency and severity of 
VM attacks. In practice, medication selection is based on side effects and comorbidi-
ties rather than on data of efficacy see Table 4 [36, 54, 79]. Nonetheless, a recent 
meta-analysis has found that propranolol, followed by venlafaxine, resulted in the 
greatest short-term improvement in the dizziness handicap index [67].

To date, there have been only two randomized controlled trials in VM prophylaxis. 
One study found that flunarizine reduced the frequency and severity of vertigo 
without reduction in headache [81], while the other showed that vertigo and dizziness 
were significantly reduced in patients treated with propranolol or venlafaxine [80]. In 
addition, venlafaxine was superior to propranolol in the treatment of comorbid mood 

Drug Dosage Notes

Dimenhydrinate [73] 25–50 mg, may be repeated 
every 6 h

May cause sedation, vision 
impairment, urinary retention

Diphenhydramine [73] 50–100 mg, may be repeated 
every 6 h

As above

Meclizine [73] 25–50 mg, may be repeated 
every 6 h

As above

Metoclopramide [74] 10 mg, may be repeated every 4 h May cause QT prolongation, 
extrapyramidal effects

Almotriptan [75] 12.5 mg May cause nausea, xerostomia, 
paraesthesia

Rizatriptan [76] 10 mg As above

Zolmitriptan [77] 2.5 mg As above

Methylprednisolone [78] 1000 mg i/v Primarily used to decrease the 
severity of unusually long episodes

Table 3. 
Treatment of acute symptoms in vestibular migraine.
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disorders and is believed to be a preferred choice when VM coexists with persistent 
postural-perceptual dizziness, depression, or anxiety [80, 82].

New treatment strategies, for example, anti-CGRP medications or onabotulinum-
toxin A injections, have been also employed in small studies. Anti-CGRP medications 
(monoclonal antibodies and gepants) have demonstrated moderate to significant 
VM improvement in 60% (n = 15) of patients [83]. Onabotulinumtoxin A injections 
have been shown to be effective in reducing vertigo and headaches in resistant VM 
cases, as reflected by improvements in the Headache Impact Test, Migraine Disability 
Assessment, Dizziness Handicap Inventory, Vertigo Symptom Scale, and even changes 
in functional brain connectivity [84].

Many patients prefer non-pharmacologic treatment to taking medications on a 
daily basis. In those cases, alternative methods such as relaxation training, biofeed-
back training, and cognitive behavioral therapy that have shown significant improve-
ments could be suggested [73].

3. Conclusions

VM is a disorder characterized by migrainous headaches and associated ves-
tibular symptoms. VM is believed to be a very common condition affecting up to 
2.7% of the general population, whereas probable and definite VMs are reported to 
be the most frequent episodic non-ischemic vestibular syndrome in primary care. 
Furthermore, VM is frequently comorbid, with other vertigo-causing disorders. 
The diagnosis of VM is based on the consensus diagnostic criteria and the exclu-
sion of other vestibular disorders. There is no single instrumental or laboratory 
test that can reliably confirm or reject the diagnosis of VM. Although no evidence-
based guidelines exist for the treatment of VM, in clinical practice, a combination 
of painkiller and vestibular suppressant for acute VM attacks is commonly used. 

Drug Dosage Notes

Propranolol [80] 40–160 mg/d Useful in cases of hypertension, tachycardia, 
anxiety. May cause bronchial constriction, 
impotence. May worsen depression. RCT 
available.

Venlafaxine [80] 37.5–150 mg/d Useful in cases of obesity, mood disorders. May 
cause fatigue, insomnia. RCT available.

Flunarizine [81] 10 mg/d May cause weight gain, somnolence, nausea. RCT 
available.

Topiramate [73] 50–100 mg/d Useful in cases of obesity and fatigue. May cause 
cognitive dysfunction, somnolence, paresthesia. 
Teratogenic.

Valproic acid [54] 500–1000 mg/d May cause weight gain, somnolence, 
thrombocytopenia, hepatotoxicity. Teratogenic.

Amitriptyline [73] 25–75 mg/d Useful in cases of insomnia. May cause 
constipation, sedation, weight gain, conduction 
block.

RCT—randomized-controlled trial.

Table 4. 
Prophylactic treatment typically used in vestibular migraine.
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Abstract

The term “nociplastic pain” was introduced in 2017 by the International Association 
for the Study of Pain (IASP) to describe pain that results from impaired nociception 
despite no clear evidence of actual or potential tissue damage causing activation of 
peripheral nociceptors or evidence of disease or lesion of the somatosensory system 
causing the pain. It is a definition born from the need to recognize early the presence of 
central sensitization of the nervous system in patients with chronic pain; we can find 
ourselves in the co-presence of nociceptive or neuropathic pain and nociplastic pain. 
In gynecological pathology, nociplastic pain plays an important role characterizing some 
important pathologies that can be associated with chronic pelvic pain in women. It is 
essential to understand the mechanisms of pathogenesis and maintenance of nociplastic 
pain in order to undertake a multidisciplinary path for the treatment of these patients.

Keywords: pain, gynecology, vulvar pain, pelvic chronic pain, nociplastic pain

1. Introduction

The term “nociplastic pain” was introduced in 2017 by the International 
Association for the Study of Pain (IASP) to describe pain that results from impaired 
nociception despite no clear evidence of actual or potential tissue damage causing 
activation of peripheral nociceptors or evidence of disease or lesion of the somatosen-
sory system causing the pain. The term was first proposed in 2016, as a mechanistic 
descriptor for chronic pain states not characterized by obvious activation of nocicep-
tors or neuropathy, but in whom clinical and psychophysical findings suggest altered 
nociceptive function [1]. Nociplastic pain refers to a physiologically based category 
that is particularly applicable to chronic primary pain conditions outlined in the new 
International Classification of Diseases, 11th edition, published by WHO.

The IASP has subdivided chronic primary pain conditions into the following five 
categories [2]:

1. chronic widespread pain;
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2. complex regional pain syndrome;

3. chronic primary headache and orofacial pain;

4. chronic primary visceral pain;

5. chronic primary musculoskeletal pain.

Nociplastic pain can be mechanistically defined as pain arising from the altered 
function of pain-related sensory pathways in the periphery and central nervous sys-
tem, causing increased sensitivity. It can occur in isolation or as a comorbidity in indi-
viduals with chronic pain conditions that are primarily nociceptive or neuropathic. 
Nociplastic pain is often associated with other symptoms, such as fatigue, sleep, 
memory, and mood problems, leading experts to propose expansive terminology to 
include the term “syndrome,” namely nociplastic pain syndrome. Caring for patients 
with nociplastic pain is challenging; the pain complaint is often difficult to describe. 
There are associated subjective symptoms and pathognomonic clinical findings, or 
biomarkers are absent. Nociplastic pain conditions are frustrating for both healthcare 
professionals and patients, with physicians uncertain regarding diagnosis and patients 
resentful that their symptoms are doubted [3].

2. Physiopathologic mechanisms of nociplastic pain

Nociplastic pain is a phenotypic expression of multifactorial processes. It repre-
sents a dynamic interplay of various mechanisms causing or amplifying pain, arising 
de novo or triggered by pain generators. It originates from different inputs, which 
could be either a bottom-up response to a peripheral nociceptive or a neuropathic 
trigger, or a top-down central nervous system-driven response [4].

The mechanistic common denominator of nociplastic pain is the amplified pro-
cessing of and/or decreased inhibition of pain stimuli at multiple levels in the nervous 
system. The amplified processing of a noxious stimulus is called “wind-up” and it 
occurs, for example, when there is an enhanced spinal neuron response after C-fiber 
or, less commonly, A-δ stimulation [5]. Diminished descending modulation, instead, 
might manifest as hyperalgesia—increased pain in response to painful stimuli—and 
allodynia—pain in response to normally nonpainful stimuli [6].

There are probably numerous initiating routes that lead to a final common path-
way of the amplification of nociceptive perception, transduction, and transmission, 
and a lot of these mechanisms have yet to be discovered [7].

When a traumatic noxious stimulus occurs, pain hypersensitivity can arise, 
mediated by both peripheral and central nervous system changes. This phenomenon 
is called “central sensitization,” and it is strictly associated with chronic pain such 
as fibromyalgia, irritable bowel syndrome (IBS), and interstitial cystitis [8]. The 
involvement of central nervous system and the widespread of pain signals is the 
reason why these diseases are often characterized by an emotive component and 
symptoms such as fatigue, sleep, mood alterations, and memory difficulties, and 
sensitivity to non-nociceptive sensory stimuli such as light and sound.

Central sensitization is the phenomenon by which a neural signaling undergoes an 
amplification in the central nervous system that spurs pain hypersensitivity outside 
the primary area of tissue injury or damage. It represents the major underlying 
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mechanism of nociplastic pain syndrome [9]. Chronic pain can often be found in 
the absence of a peripheral pathology or because of a discrepancy between the tissue 
damage and the magnitude of the resulting pain and disability [10].

Behind this process, there are mechanisms of central sensitization, which con-
sist of altered sensory processing in the brain, malfunctioning of descending pain 
inhibitory mechanisms, increased activity of pain facilitatory pathways, and temporal 
summation of second pain or wind-up [11]. When a noxious stimulus occurs, there is 
an activation of peripheral C-fibers axons with the transmission of the signal to the 
spinal cord and the central nervous system. This mechanism causing a “first pain,” 
that is the immediate painful sensation, and a “second pain,” that is a painful sensa-
tion that starts a few seconds after and lasts longer, even when the stimulus ceases. 
Low-frequency repetitive stimulation of unmyelinated C-fibers is called “wind-up.” 
The “wind-up” occurs when dorsal spinal horn neurons receive stimulations with 
a frequency higher or equal to 0.33 Hz [12]. This process results in a progressive 
increase of pain intensity when noxious stimulation remains constant or disappears: a 
phenomenon called temporal summation of “second pain” [13]. Neziri et al. showed 
how spinal cord hypersensitivity and temporal summation second pain are greater in 
patients with chronic pelvic pain than controls. They used spinal withdrawal reflex 
to assess the extension of receptive fields in patients with endometriosis and chronic 
pelvic pain and patients without a pain syndrome, showing larger fields and lower 
threshold to induce pain in patients with chronic pelvic pain [14].

Involvement of the central nervous system has also been demonstrated in voxel-based 
morphology studies, showing changes in gray matter density and volume in patients 
having chronic pelvic pain. Studies reported greater decreases in gray matter volume 
in regions of the pain system including thalamus, cingulate cortex, putamen, insular 
cortex, and areas involved in pain modulation, such as the prefrontal cortex. Regional 
increase in gray matter volume was found in right inferior and middle frontal gyrus, left 
amygdala, and mesencephalon, which are all pain modulatory-related areas [15].

Both top-down and bottom-up mechanisms play an important role in the 
pathophysiology of nociplastic pain, and accumulating evidence suggests that it is 
also driven by neuroinflammation in the peripheral and central nervous system. 
For example, peripheral injury or other stressors trigger the release of proinflam-
matory cytokines, with the consequent activation of spinal cord glia with cyclo-
oxygenase-2 and prostaglandin E2 expression in the central nervous system [16]. 
Neuroinflammation is a form of inflammation that occurs in both the peripheral and 
central nervous systems, characterized by four features: vasculature changes that 
result in increased vascular permeability, infiltration of leukocytes and macrophages, 
activation of glial cells, and production of inflammatory mediators [17].

Pain was one of the four cardinal signs of inflammation, as recorded by Celso 
in the first century AD. As previously mentioned, peripheral axons of nociceptors 
carry the painful stimulus into the dorsal root ganglia and then into the spinal cord. 
They are pseudounipolar neurons with their distal axonal branches innervating a 
peripheral organ and their proximal axonal branches innervating the dorsal horn 
of the spinal cord. The repetitive stimulation of these fibers not only provokes 
a sensory hypersensitivity, but also the release of neuropeptides which increase 
inflammatory processes, such as calcitonin gene-related peptide (CGRP) and sub-
stance P (SP). These peptides are released from both the distal and proximal axons. 
The last one innervates the dorsal horn of the spinal cord, where afferent neurons 
of other peripheral organs arrive. The cross-activation of afferent neurons coming 
from other tissues that are not primarily damaged causes a release of neuropeptides 
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into the uninjured peripheral organs, provoking neurogenic inflammation and 
diffuse pain [18]. That is the reason why in chronic pain syndromes there are often 
viscero-visceral and viscero-somatic sensitization, for example, colon-to-bladder 
cross-sensitization in patients affected by irritable bowel syndrome [19]. A recent 
review summarizes a list of chemicals that are released from the soma of neurons 
within dorsal root ganglia in inflammatory and visceral sensitization processes 
(ATP, CGRP, SP, glutamate, GABA, galanine, NO, and BDNF) [20]. Soma of noci-
ceptors in ganglia do not contract synapses with each other, but they are connected 
by satellite glial cells (SGCs). The nearness between neurons and SGCs implements 
a paracrine mechanism, according to which SGCs are stimulated by neuropeptides 
(e.g., BDNF that binds TrkB on the surface of the glia) and in response, they pro-
duce “gliotransmitters” (e.g., interleukines, NO, and TNF-alpha) that are sent back 
to the neurons. Pseudounipolar neurons also produce colony stimulating factor-1 
(CSF-1) that attracts and spurs proliferation of macrophages in the nearby axons 
[21]. Macrophages produce proinflammatory factors. The persistent upregulation of 
production of proinflammatory factors is a crucial mediator in the development of 
chronic pain syndromes (Table 1).

3. Nociplastic pain in gynecology

In gynecological pathology, nociplastic pain plays an important role character-
izing some important pathologies that can be associated with chronic pelvic pain in 
women. It is essential to better understand the basis of these kinds of conditions and 
to undertake a multidisciplinary path for the treatment of these patients.

Chronic pelvic pain is estimated to affect 26% of the world’s female population [22].
Chronic pelvic pain is a pain that originates from the pelvis, noncyclic or cyclic 

or related to menstruation (dysmenorrhea) and intercourse (dyspareunia), typically 
lasting more than 6 months. It is often associated with negative cognitive, behavioral, 
sexual, and emotional consequences and symptoms suggestive of lower urinary tract, 
sexual, bowel, myofascial, or gynecologic dysfunction. The 6-month cut-off is not a 

Spinal mechanisms Supraspinal mechanisms Peripheral features

• Regional clustering 
and convergence of 
signals from differ-
ent pain loci

• Spinal cord 
reorganization

• Amplified spinal 
reflex transmission

• Diminished spinal 
inhibition

• Wind-up and tem-
poral summation

• Glial cell activation

• Hyper-responsiveness to pain stimuli

• Hyperactivity and connectivity in and 
between brain regions involved in pain

• Decreased activity of brain regions involved 
in pain inhibition (e.g., descending inhibi-
tory pathways)

• Elevated cerebrospinal fluid substance P 
and glutamate concentrations, decreased 
GABAergic transmission

• Changes in the size and shape of gray and 
white matter regions involved in pain 
processing

• Glial cell activation

• Minor local muscle pathology

• Peripheral sensitization (e.g., 
expansion of receptivefields, 
elevated cytokine, and 
chemokine concentrations)

• Hyperalgesia, dysesthesia, 
and allodynia

• Localized or diffuse tender-
ness, or both

Ref. [3].

Table 1. 
Mechanisms of nociplastic pain.
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requirement if central sensitization pain and nociplastic mechanisms (with cognitive, 
behavioral, and emotional impairment) are documented [23].

There is an interconnection between visceral and somatic structures in the 
female pelvis, known as viscero-visceral cross-sensitization, in which activity in 
one organ (e.g., uterus) can hypersensitize another organ (e.g., bowel or bladder). 
Cross-sensitization among pelvic structures may contribute to chronic pelvic pain 
of unknown etiology and involves convergent neural pathways of noxious stimulus 
transmission from two or more organs. Besides the viscera, somatic areas may also be 
involved. Given enough time, trigger points can develop in peripheral somatic tissue 
in response to increased nociceptive visceral input: This is called viscero-somatic 
sensitization [24]. Persistent input from malfunctioning pelvic muscles, injury, or 
surgery can lead to visceral dysfunction characterized by bowel symptoms such as 
constipation and bladder symptoms such as urgency, frequency, and incomplete 
emptying. The viscero-visceral cross-sensitization can enhance nociplastic pain 
mechanisms by amplifying central nervous system responsiveness and decreasing 
pain inhibition descending pathways, resulting in overall pain hypersensitivity and 
central sensitization presenting as widespread pain (outside the pelvic area), sleep 
disturbance, and deterioration in mood and coping [25, 26].

3.1 Fibromyalgia

An example of a chronic pain condition, which represents a struggle for gynecolo-
gists because it often occurs in a female population, is fibromyalgia. According to the 
latest guidelines elaborated by Fibromyalgia Working Group members, fibromyalgia 
is defined as a chronic pain disorder: In other words, all patients would be required to 
have chronic pain to be diagnosed with fibromyalgia. Fibromyalgia was defined as a 
“widespread” pain syndrome, and it is still counted in this category according to the 
IASP. The American College of Rheumatology (ACR) redefined the diagnostic criteria 
in 2010 by renaming it as a “multisite” pain syndrome [27]. In fact, when a patient 
has pain in a self-reported number of sites distributed throughout the body, includ-
ing joint sites, this is sufficient for defining fibromyalgia. The number of pain sites 
needed to define “multisite” pain in fibromyalgia is found to be ≥8. Furthermore, 
fibromyalgia is associated with sleep disturbance, fatigue, and other cognitive and 
somatic features that are now considered core symptoms of this condition [28].

3.2 Vulvodynia

Although no epidemiological study of prevalence has been carried out worldwide, 
it is estimated that vulvodynia affects 8–10% of women of all ages [29]. Vulvodynia 
is defined as vulvar pain lasting at least 3 months, without a clear identifiable cause, 
which may have potential associated factors that contribute to the development and 
perpetuation of this clinical condition [30]. These associated factors include (i) 
psychosocial factors, such as anxiety, depression, posttraumatic stress, and sexual 
problems; (ii) chronic pain conditions in the pelvic area, such as urological or colo-
proctological pain syndromes or irritable bowel syndrome; and (iii) chronic pain 
conditions in other areas of the body, such as fibromyalgia [31]. It suggests that there 
could be the same neurophysiological substrate underlying these chronic pain syn-
dromes. Vulvodynia has been always defined as a neuropathic pain due to its burning 
nature and because of the hypersensitivity of the vulvar mucosa. This can be justified 
by a greater nerve fiber proliferation in the vulvar vestibule; indeed, some studies 
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have found an increase in the density of C nociceptor endings [32]. However, it is 
reductive because of all the associated factors known.

Changes derived from central sensitization such as hyperalgesia and allodynia 
have been demonstrated in vulvodynia not only in the perineal area but also in distant 
regions of the body [33]. Central sensitization involves abnormal long-term potentia-
tion that can begin after physical precipitating events such as recurrent vulvovaginal 
candidiasis, lower urinary tract infections, or dermatologic pathology.

Then, we can conclude that vulvodynia is thus considered to be one of the noci-
plastic pain syndromes, characterized by nociceptive/inflammatory pain, neuropathic 
pain, and dysfunctional pain, in the absence of clinically evident pathology [34].

Regarding the therapeutic approach of vulvodynia, a stepwise method of pelvic 
floor dysfunction treatment, adequate psychological support, and sexual healthcare is 
recommended along with medical therapies [35]. Intermittent use of topical lidocaine 
cream may be useful for women with intense vestibular touch pain, prior to sexual 
intercourse [36].

Other pharmaceutical strategies are oral or topical NSAIDs, amitriptyline and other 
tricyclic antidepressants, hydrocortisone, vulvar interferon, anticonvulsants – such as 
gabapentin, botulinum neurotoxin injection, antifungal, or combined approach [37].

3.3 Painful bladder syndrome (PBS) and interstitial cystitis (IC)

In women, symptoms of interstitial cystitis are difficult to distinguish from those of 
painful bladder syndrome and they appear to overlap with those of urinary tract infec-
tion, chronic urethral syndrome, overactive bladder, vulvodynia, and endometriosis [38].

In terms of symptoms, the two conditions can be superimposable; the differential 
diagnosis with other pathologies such as endometriosis, vulvodynia, overactive blad-
der can be very complex, although identifying interstitial cystitis and painful bladder 
syndrome in women with more than one of these diseases may be difficult.

Interstitial cystitis is nowadays associated with painful bladder syndrome and not 
distinguished. It can be categorized into two major subtypes, mainly based on the 
bladder histological findings. The first type or “classical” interstitial cystitis presents 
itself with Hunner’s lesions: mucosal lesions accompanied by abnormal capillary struc-
tures. The second type presents itself without Hunner’s lesions, has no obvious bladder 
etiology, and is most frequently accompanied by common systemic comorbidities or 
chronic pelvic pain with symptoms that involve other pelvic structures [39].

The etiology and pathophysiology remain uncertain with many different hypothe-
ses proposed over the years, including injury of the bladder epithelium and increased 
barrier permeability, neurogenic inflammation with mast cell infiltration without a 
bacterial infection, autoimmune involvement [40].

Painful bladder syndrome is a disease that affects the bladder and manifests itself 
with persistent pain and difficulty urinating. This syndrome can be counted among 
the causes of nociplastic pain in women.

Painful bladder syndrome was defined by the European Society for the Study of 
Bladder Pain Syndrome/Interstitial Cystitis (ESSIC) as a chronic (>6 months) pelvic 
pain, feeling of pressure or discomfort perceived to be related to the urinary blad-
der, with at least one other urinary symptom such as persistent voiding urgency or 
frequency [41].

The precise cause of painful bladder syndrome is still unknown, but it is believed 
to be the result of a combination of factors, such as inflammation of the bladder, 
increased nerve sensitivity, and immune system dysfunction.
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Painful bladder syndrome urinary symptoms can vary from person to person, but 
the most common include the following:

• Pain in the pelvic area and bladder, which may be constant or intermittent;

• Urgency to urinate frequently, even when the bladder is not full;

• Pain when urinating;

• Feeling of burning or pressure in the bladder;

• Difficulty urinating or holding urine.

Diagnosing painful bladder syndrome can be difficult as symptoms can be similar 
to those of other urinary disorders.

Treatment of painful bladder syndrome can include a combination of therapies, 
such as pain medications, physical therapies, dietary modifications, and behavioral 
therapies.

The European Association of Urology (EAU) proposed a stepwise approach for 
treatment of interstitial cystitis/bladder painful syndrome which consists of [42]:

• First-line therapy: education, physiotherapy, behavioral modification (e.g., bladder 
training), psychological therapies for stress modulation;

• Second-line therapy: pharmacotherapy: pentosan polysulfate sodium, low- 
dose tricyclic antidepressants, antispasmodics;

• Third-line therapy: intravesical injections with local anesthetic, dimethyl 
sulfoxide or heparin, or intradetrusor botulinum toxin A injection;

• Fourth-line therapy: neuromodulation (e.g., percutaneous tibial nerve 
stimulation).

In some cases, surgery may be required only when all conservative treatments have 
failed [43].

3.4 Irritable bowel disease (IBD)

Irritable bowel disease is defined by Rome IV Criteria as pain on at least 1 day per 
week in the last 3 months associated with two or more of the following symptoms: 
abdominal pain; change in stool frequency; change in stool appearance; variations 
of defecation with predominant constipation (IBS-C) or with predominant diarrhea 
(IBS-D) or with mixed bowel habits (IBS-M if the patient refers >25% constipation 
and > 25% diarrhea; IBS-U if the patient refers <25% constipation and < 25% diar-
rhea). The onset of symptoms has to be at least 6 months before diagnosis. Diagnosis 
is clinical and based on these criteria [44].

In irritable bowel syndrome, motility disturbance is associated with sensory 
hypersensitivity, altered mucosa and gut microbiota, local and systemic immune 
system dysfunction, and impaired central nervous system processing (with central 
and viscero-visceral sensitization). Moreover, irritable bowel syndrome has been 
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associated with high prevalence of psychological disorders and significantly higher 
anxiety and depression levels than the general population [45].

Initiation of treatment of IBS should start with identifying the severity and 
predominant symptoms of the disorder. According to NICE guidelines first-line treat-
ment consists of dietary and lifestyle modification, even exercise can be beneficial. If 
lifestyle advice is not effective, pharmacological therapy can be practiced and based 
on severity. Psychological interventions are useful, moreover, if not responsive to 
pharmacological treatments after 12 months. NICE discourages use of acupuncture 
and reflexology [46].

4. Conclusions

The traditional conceptualization of chronic pain syndromes has been histori-
cally dualistic either as a result of organic-physical mechanisms or as psychological 
mechanisms. Despite the advances in the understanding of idiopathic pain and the 
recognition of neuroplastic changes as the cause of chronic and complex pain condi-
tions, multiple pathophysiological mechanisms are still unclear. Nociplastic pain is 
an important substrate of many gynecological and nongynecological chronic pain 
syndromes. That is why a multidisciplinary approach is needed. Moreover, these 
conditions are due to somatic or visceral noxious agents interacting with psychoso-
cial, epigenetic, and emotional factors. In order to manage these patients, our aims for 
the future is to better understand pathognomonic clinical findings or biomarkers of 
nociplastic pain syndromes, and to implement the multidisciplinary team work, not 
only with specialists from the various branches of medicine but also with a psycho-
logical support for our patients.
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Chapter 12

Perspective Chapter: Aspirin – The 
Wonder Drug
Ahmed Adebayo Ishola

Abstract

“Aspirin: The Wonder Drug” is a chapter that explores the history, pharmacology, 
medical uses, risks and side effects, and impact of aspirin on society. The chapter pro-
vides a brief history of aspirin, tracing its roots back to ancient times, and discusses 
how it works as an anti-inflammatory, analgesic, and antiplatelet agent. Aspirin has 
been used for over a century to treat a variety of conditions, including pain, fever, 
inflammation, and cardiovascular disease. It works by inhibiting the production of 
prostaglandins, which are chemicals involved in inflammation and pain. Aspirin is a 
non-selective inhibitor of cyclooxygenase (COX), blocking both COX-1 and COX-2, 
which reduces the amount of prostaglandins in the body, leading to a reduction in 
pain, inflammation, and fever. In addition, aspirin has antiplatelet effects, preventing 
blood clots from forming by irreversibly inhibiting the production of thromboxane 
A2. Overall, aspirin’s impact on medicine and society cannot be overstated, as it has 
been used to alleviate pain and suffering in millions of people worldwide, and has 
saved countless lives through its use in the prevention of heart attacks and strokes.

Keywords: aspirin, pain, inflammation, cyclooxygenase, impact

1. Introduction

In 1897, Felix Hoffman, a German chemist working for the Bayer company, was 
able to modify salicylic acid to create acetylsalicylic acid, which was named aspirin 
[1]. Hoffmann’s innovation led to the widespread modern use of aspirin for pain 
relief. His acetylation of salicylic acid (a compound found in willow bark) also proved 
fortunate in another way, because the modification is important to aspirin’s ability to 
prevent cardiovascular events [2].

Aspirin quickly gained popularity due to its effectiveness in relieving pain and 
reducing fever, and it soon became one of the most commonly used drugs in the 
world. Over time, researchers discovered that aspirin had many other medical ben-
efits, including anti-inflammatory and antiplatelet effects. It has been used to treat 
conditions such as arthritis, menstrual cramps, and headaches, as well as to prevent 
heart attacks and strokes [3].

Aspirin’s impact on medicine and society cannot be overstated. It has been used 
to alleviate pain and suffering in millions of people around the world and has saved 
countless lives through its use in the prevention of heart attacks and strokes. It has 
also been the subject of extensive research, leading to a better understanding of how 
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it works in the body and the discovery of new uses for the drug. Today, aspirin is still 
widely used and continues to be the subject of research, as scientists uncover new uses 
and applications for this “wonder drug” [4].

In this chapter, we will explore the chemical composition of aspirin, how it works 
in the body, and its medical uses. We will also examine the risks and side effects 
associated with aspirin use, as well as the impact that aspirin has had on medicine and 
society.

2. How aspirin works

Aspirin’s ability to relieve pain, reduce fever, and treat inflammation has been 
known for over a century. It wasn’t until the 1970s, however, that researchers uncov-
ered the specific mechanism by which aspirin exerts its effects on the body (Table 1).

Aspirin works by inhibiting the production of prostaglandins, which are chemicals 
produced in the body that play a role in inflammation and pain [5]. Prostaglandins 
are produced by an enzyme called cyclooxygenase (COX), which comes in two forms: 
COX-1 and COX-2. COX-1 is involved in the production of prostaglandins that are 
necessary for normal physiological processes, such as protecting the stomach lining 
and promoting blood clotting [5]. COX-2, on the other hand, is induced by inflamma-
tion and is responsible for producing prostaglandins that promote pain and inflam-
mation [9].

Aspirin is a nonselective inhibitor of COX, meaning that it blocks both COX-1 
and COX-2 [10]. By inhibiting COX, aspirin reduces the amount of prostaglandins 
in the body, leading to a reduction in pain, inflammation, and fever. This is why 
aspirin is often used to treat conditions such as arthritis, menstrual cramps, and 
headaches [11].

In addition to its effects on prostaglandins, aspirin also has antiplatelet effects, 
meaning that it can prevent blood clots from forming. Aspirin accomplishes this by 
irreversibly inhibiting the production of thromboxane A2, which is a chemical that pro-
motes platelet aggregation [7]. By preventing platelets from clumping together, aspirin 
reduces the risk of blood clots forming, which can lead to heart attacks and strokes.

Mechanism Description Reference

Inhibition of COX-1 
and COX-2

Aspirin irreversibly acetylates a serine residue in the active site of 
COX-1 and COX-2, resulting in the inhibition of prostaglandin 
synthesis

[5]

Anti-inflammatory 
effects

Reduction of prostaglandin synthesis leads to decreased 
inflammation and pain

[6]

Analgesic effects Inhibition of prostaglandin synthesis in the central nervous system 
leads to decreased perception of pain

[6]

Antiplatelet effects Aspirin irreversibly acetylates COX-1 in platelets, preventing 
the synthesis of thromboxane A2, which is necessary for platelet 
aggregation

[7]

Cancer prevention Aspirin’s inhibition of COX-2 may play a role in reducing the risk of 
certain types of cancer

[8]

Table 1. 
Mechanisms of action of aspirin.
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The mechanisms by which aspirin works in the body have been extensively stud-
ied, and researchers continue to uncover new information about how this drug exerts 
its effects. For example, recent research has suggested that aspirin may also have 
anti-inflammatory effects that are independent of its effects on COX-1 and COX-2.

3. Chemical properties of aspirin

Aspirin is a widely used medication that has been in use for over a century. It is a 
white crystalline solid with a molecular formula of C9H8O4 and a molecular weight of 
180.16 g/mol [12]. The chemical name for aspirin is acetylsalicylic acid, and it is clas-
sified as a nonsteroidal anti-inflammatory drug (NSAID) [13]. Aspirin is an organic 
acid and is therefore slightly acidic in nature. The pKa of aspirin is 3.5, which means 
that it is a weak acid and can ionize in solution. Aspirin is soluble in organic solvents 
such as ethanol, chloroform, and ether, but it is relatively insoluble in water. Aspirin 
is synthesized through the acetylation of salicylic acid, a natural compound found in 
willow bark. The acetylation process involves the reaction of salicylic acid with acetic 
anhydride, which results in the formation of acetylsalicylic acid and acetic acid.

4. Medical uses of aspirin

4.1 Pain relief

Aspirin is one of the most commonly used pain relievers in the world. Its abil-
ity to block the production of prostaglandins makes it effective in treating mild to 
moderate pain, such as headaches, toothaches, and menstrual cramps [6]. Aspirin 
is often used in place of nonsteroidal anti-inflammatory drugs (NSAIDs) for pain 
relief, particularly in people who cannot take NSAIDs due to gastrointestinal or 
renal problems. According to a review of studies published in the journal Pain and 
Therapy [14], aspirin has been shown to be effective in reducing pain intensity and 
improving overall pain relief compared to placebo in several conditions, including 
headache, dental pain, and menstrual pain. However, the review also noted that 
aspirin may be less effective than other NSAIDs in some cases, such as for pain 
caused by osteoarthritis [14].

4.2 Anti-inflammatory

Aspirin is also an effective anti-inflammatory drug. Its ability to inhibit the 
production of prostaglandins makes it useful in treating conditions such as arthritis, 
gout, and other inflammatory disorders [6]. The anti-inflammatory effect of aspirin 
has been studied extensively. One of the key ways aspirin exerts its anti-inflammatory 
effect is by inhibiting the cyclooxygenase (COX) enzyme. COX plays a crucial role 
in the production of prostaglandins, which are involved in inflammation, pain, and 
fever. By inhibiting COX, aspirin reduces the production of prostaglandins, leading 
to a decrease in inflammation and pain [11]. Aspirin has been shown to be effective 
in reducing inflammation in a variety of conditions, including rheumatoid arthritis, 
osteoarthritis, and inflammatory bowel disease (IBD). In addition, aspirin has been 
shown to have antiplatelet effects, which can reduce the risk of cardiovascular events 
such as heart attack and stroke [15].
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4.3 Antiplatelet effects

Aspirin is particularly useful in people who have had a heart attack or stroke in 
the past, as it can help prevent future events [3]. The antiplatelet effect of aspirin has 
been extensively studied and is well-established. Aspirin is commonly used for the 
prevention of cardiovascular events, including heart attack and stroke, in individuals 
with a high risk of these events. In addition, aspirin is used to prevent the formation 
of blood clots in individuals with certain medical conditions, such as atrial fibrillation 
and deep vein thrombosis [16].

4.4 Cardiovascular disease

In addition to its antiplatelet effects, aspirin may also have a protective effect 
against cardiovascular disease. Some studies have suggested that regular aspirin use 
can reduce the risk of heart attacks and strokes by up to 30% [6]. Aspirin is commonly 
used to prevent cardiovascular disease, such as heart attacks and strokes. The mecha-
nism of action of aspirin in cardiovascular disease prevention is related to its ability 
to inhibit the enzyme cyclooxygenase (COX), which is involved in the production of 
prostaglandins and thromboxane A2 (TxA2) [3]. TxA2 is a potent platelet activator 
and vasoconstrictor that promotes thrombosis and contributes to the pathogenesis 
of cardiovascular disease [3]. By inhibiting COX, aspirin reduces the production of 
TxA2 and thus inhibits platelet activation and aggregation, which are important steps 
in the formation of blood clots that can cause heart attacks and strokes [3]. Aspirin 
also has anti-inflammatory effects that may contribute to its cardiovascular disease 
prevention benefits. Chronic inflammation is a key component of atherosclerosis, 
the underlying cause of most cardiovascular disease [17]. By reducing inflammation, 
aspirin may slow the progression of atherosclerosis and prevent cardiovascular events 
[17]. However, the use of aspirin for primary prevention of cardiovascular disease is 
controversial and should be carefully considered on a case-by-case basis.

4.5 Cancer prevention

Epidemiological studies have suggested that regular use of aspirin may be associ-
ated with a reduced risk of developing certain types of cancer, including colorectal, 
esophageal, gastric, and breast cancer [8, 18]. The exact mechanisms by which aspirin 
exerts its anticancer effects are not fully understood. However, one of the proposed 
mechanisms is through its inhibition of COX. COX is overexpressed in many types 
of cancer, leading to increased production of prostaglandins, which promote inflam-
mation and cell proliferation. By inhibiting COX, aspirin reduces the production of 
prostaglandins and may prevent the growth and spread of cancer cells [8]. In addition 
to its COX inhibition, aspirin has also been shown to have other anticancer effects, 
including the induction of apoptosis (programmed cell death) in cancer cells, the 
inhibition of angiogenesis (the growth of new blood vessels that supply tumors), and 
the enhancement of immune system function [15].

4.6 Alzheimer’s disease

Aspirin has also been studied for its potential to prevent or delay the onset 
of Alzheimer’s disease. Some studies have reported that long-term low-dose 
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acetylsalicylic use shows protective potential for the development of both vascular 
dementia and Alzheimer’s disease in patients with coronary heart disease [19]. Also 
through its anti-inflammatory property, ASA could potentially prevent or delay the 
onset of Alzheimer’s disease (AD) [20–23].

One of the proposed mechanisms by which aspirin may protect against 
Alzheimer’s disease is through its anti-inflammatory effects. Chronic inflam-
mation is believed to play a role in the development of Alzheimer’s disease, and 
aspirin’s ability to inhibit COX and reduce inflammation may help prevent or slow 
down the progression of the disease. However, other studies have not found a 
significant association between aspirin use and the risk of Alzheimer’s disease. A 
meta-analysis of 12 observational studies found no significant association between 
aspirin use and the risk of Alzheimer’s disease [24]. Furthermore, aspirin may have 
potential side effects, including gastrointestinal bleeding and increased risk of 
stroke, which may outweigh the potential benefits for some individuals. As such, 
the use of aspirin for the prevention or treatment of Alzheimer’s disease is not 
recommended, and more research is needed to determine its potential efficacy and 
safety [25].

5. Risks and side effects of aspirin

5.1 Aspirin toxicity

Aspirin is generally safe when taken as directed, but it can cause toxicity when 
taken in excessive amounts. Overdose of aspirin can lead to serious adverse effects, 
such as respiratory and metabolic acidosis, dehydration, electrolyte imbalances, and 
even death [26].

The toxicity of aspirin is related to its ability to inhibit the enzyme cyclooxygenase 
(COX), which is involved in the production of prostaglandins. Prostaglandins are 
important mediators of inflammation, pain, and fever, and their inhibition can lead 
to the adverse effects associated with aspirin toxicity [27]. Aspirin toxicity can also be 
exacerbated by certain factors, such as age, liver or kidney disease, alcohol consump-
tion, and concomitant use of other medications [26]. Therefore, it is important to use 
aspirin with caution and under the guidance of a healthcare provider, particularly in 
individuals with underlying medical conditions or taking other medications. Aspirin 
toxicity can occur when taken in excessive amounts, and it can result in serious 
adverse effects. The risk of aspirin toxicity can be reduced by using aspirin as directed 
and under the guidance of a healthcare provider.

While aspirin can be highly effective in treating pain, inflammation, and prevent-
ing blood clots, there are also several potential risks and side effects associated with 
its use. Here are some of the most important risks and side effects of aspirin:

5.1.1 Gastrointestinal bleeding

One of the most significant risks of aspirin use is gastrointestinal bleeding. This 
can occur when the lining of the stomach or small intestine is damaged by the drug, 
which can lead to ulcers and bleeding [28]. People who have a history of ulcers, 
gastrointestinal bleeding, or other gastrointestinal problems are at a higher risk of 
developing these side effects.
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5.1.2 Allergic reactions

Some people may be allergic to aspirin or other nonsteroidal anti-inflammatory 
drugs (NSAIDs). This can cause symptoms such as hives, swelling, and difficulty 
breathing. People who have a history of asthma, nasal polyps, or other allergies are at 
a higher risk of developing these side effects [6].

5.1.3 Increased bleeding risk

Aspirin’s antiplatelet effects mean that it can increase the risk of bleeding, particu-
larly in people who are taking other blood-thinning medications [3]. People who have 
a history of bleeding disorders, recent surgery, or other bleeding problems are at a 
higher risk of developing these side effects.

5.1.4 Reye’s syndrome

Reye’s syndrome is a rare but serious condition that primarily affects children and 
adolescents, and is characterized by acute encephalopathy and liver damage. It has 
been linked to the use of aspirin during certain viral infections, particularly influenza 
and chickenpox [29].

The exact mechanism by which aspirin triggers Reye’s syndrome is not fully 
understood, but it is believed to be related to the ability of aspirin to interfere with 
mitochondrial function and fatty acid metabolism, leading to liver and brain dam-
age [30]. As a result of these potential risks, the use of aspirin for the treatment of 
viral infections in children and adolescents is not recommended. Instead, alternative 
treatments, such as acetaminophen, are recommended for pain and fever relief. While 
aspirin is generally safe for use in adults, it should be used with caution in children 
and adolescents, particularly during viral infections. The potential risk of Reye’s 
syndrome should be carefully considered, and alternative treatments should be used 
when possible.

5.1.5 Interactions with other medications

Aspirin is a widely used medication, and it is important to be aware of potential 
interactions with other drugs. Aspirin can interact with a variety of medications, 
including other pain relievers, blood thinners, and some prescription medications. 
One of the most significant drug interactions with aspirin is with other blood thin-
ning medications, such as warfarin and clopidogrel. These medications are commonly 
used to prevent blood clots, but when taken with aspirin, the risk of bleeding may 
be increased [31]. Aspirin can also interact with some prescription medications, 
including some diabetes medications, methotrexate, and some antidepressants. It is 
important to talk to a healthcare provider before taking aspirin with any prescrip-
tion medication, to ensure there are no potential interactions or adverse effects. 
Additionally, aspirin can interact with other over-the-counter medications, such 
as ibuprofen and naproxen. These medications belong to the same class of drugs as 
aspirin, and taking them together can increase the risk of side effects, such as stomach 
bleeding [31]. Aspirin can interact with a variety of medications, and it is important 
to be aware of potential interactions and to consult a healthcare provider before tak-
ing aspirin with other medications.
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6. Potential future uses of aspirin

Aspirin’s potential benefits extend beyond its current uses in pain relief and fever 
reduction. In addition to its potential for cancer prevention and treatment and its 
possible role in preventing and treating Alzheimer’s disease, aspirin is also being 
investigated for its potential to prevent and treat a range of other conditions. One area 
of research is in aspirin’s potential to prevent blood clots in people with conditions 
such as deep vein thrombosis and pulmonary embolism. Studies have shown that 
aspirin may be as effective as other blood-thinning medications in preventing blood 
clots, and it may also have fewer side effects [32]. Aspirin is also being investigated 
as a potential treatment for a range of autoimmune diseases, including rheumatoid 
arthritis and lupus. Studies have shown that aspirin may be able to reduce inflamma-
tion in the body, which is thought to play a role in the development of these condi-
tions. However, more research is needed to determine the optimal dose and duration 
of aspirin therapy for these purposes.

Schizophrenia is a chronic and severe mental disorder that affects a person’s thinking, 
behavior, and emotions. While the exact causes of schizophrenia are unknown, studies 
have suggested that inflammation may play a role in the development and progression 
of the disease [33, 34]. Aspirin, a widely used anti-inflammatory drug, has been inves-
tigated as a potential treatment for schizophrenia. One study found that aspirin, when 
used in combination with antipsychotic medication, led to a significant improvement in 
symptoms compared to antipsychotic medication alone [34]. Another study found that 
aspirin may be effective in reducing inflammation in individuals with schizophrenia, 
which could improve their cognitive function and quality of life [35]. However, more 
research is needed to confirm these findings and determine the optimal dosages and 
treatment regimens for aspirin in schizophrenia.

7. Aspirin and society

Aspirin has had a profound impact on society since its discovery, particularly in 
the fields of medicine and healthcare. Here are some of the key ways that aspirin has 
influenced society:

7.1 Pain relief

Aspirin’s effectiveness as a pain reliever has made it one of the most widely used 
medications in the world. It has been used for over a century to treat a wide range of 
painful conditions, including headaches, menstrual cramps, and toothaches [36]. As 
a result, aspirin has helped countless individuals manage their pain and improve their 
quality of life.

7.2 Cardiovascular disease prevention

Aspirin’s antiplatelet effects mean that it can help prevent blood clots from forming, 
which can reduce the risk of heart attacks and strokes [36]. This has made aspirin a vital 
tool in the prevention and management of cardiovascular disease, which is a leading cause 
of death worldwide. In fact, studies have shown that regular aspirin use can reduce the 
risk of heart attack and stroke in individuals with a history of cardiovascular disease [16].
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7.3 Inflammatory disease treatment

Aspirin’s anti-inflammatory effects have also made it an important treatment 
option for inflammatory conditions such as rheumatoid arthritis, osteoarthritis, 
and inflammatory bowel disease [36]. These conditions can cause chronic pain and 
disability, and aspirin has helped improve the quality of life for millions of individuals 
who suffer from them.

7.4 Pharmaceutical industry influence

Aspirin was one of the first medications to be mass-produced and marketed, 
and its success paved the way for the development of many other drugs. Today, the 
pharmaceutical industry is a multi-billion dollar industry that has had a significant 
impact on the global economy and has helped improve the health and wellbeing of 
individuals all over the world [37].

7.5 Cultural significance

Aspirin has become a cultural icon, with many individuals associating it with pain 
relief and medical care. It has been referenced in literature, music, and movies, and 
has become a symbol of modern medicine and healthcare. As a result, aspirin has 
become an integral part of modern culture, and its impact on society extends beyond 
the realm of medicine and healthcare [38]. Despite its many benefits, aspirin is not 
without risks and side effects. As we discussed earlier, aspirin use can increase the 
risk of gastrointestinal bleeding, allergic reactions, and other complications [39]. For 
this reason, it is important for individuals to discuss the potential risks and benefits of 
aspirin use with their healthcare provider before starting or stopping the medication.

In summary, aspirin has had a significant impact on society, particularly in the 
fields of medicine and healthcare. Its widespread use as a pain reliever, cardiovascular 
disease prevention tool, and treatment option for inflammatory conditions has helped 
improve the health and wellbeing of countless individuals worldwide. Its influence on 
the pharmaceutical industry and cultural significance further cement its importance 
in modern society.

8. Conclusion

In conclusion, aspirin is a wonder drug that has made a significant impact on 
society since its discovery over a century ago. Its effectiveness as a pain reliever, 
cardiovascular disease prevention tool, and treatment option for inflammatory condi-
tions has helped improve the quality of life for millions of individuals worldwide. Its 
widespread use and cultural significance have also made it an important symbol of 
modern medicine and healthcare. However, as with any medication, aspirin is not 
without risks and potential side effects. It is important for individuals to discuss the 
potential benefits and risks of aspirin use with their healthcare provider before start-
ing or stopping the medication. Overall, the discovery and widespread use of aspirin 
is a testament to the power of scientific research and innovation in improving the 
health and wellbeing of individuals and society as a whole.
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Chapter

Therapeutic Uses of Aspirin
Maria I. Trapali

Abstract

Aspirin, also known as acetylsalicylic acid (ASA), is a nonsteroidal anti-inflam-
matory drug (NSAID) used to reduce pain, fever, and/or inflammation and as an 
antithrombotic agent. The specific inflammatory conditions under which aspirin 
is used for treatment include many different diseases. Lower doses of aspirin have 
also been indicated to decrease the risk of loss of life from a heart strike or the risk 
of stroke in people who are at high risk or who have cardiovascular illness but not in 
elderly people who are healthy. Recent research suggests that aspirin may help prevent 
the development of cancerous tumors, such as those of the stomach, intestines, or 
even the breast. However, although aspirin is considered a “good” medicine for the 
prevention and treatment of many diseases, doctors recommend that no one should 
take aspirin without a doctor’s approval because taking it is not only unsafe for all 
people but can also interact with other medicines and cause harm. The most use-
ful therapeutic properties of aspirin depend on its ability to inhibit prostaglandin 
formation. Along with interfering with thromboxane production, aspirin inhibits the 
synthesis of prostaglandins. In a normal environment, thromboxane and prostacyclin 
are in homeostatic equilibrium, with incompatible effects on platelet aggregation and 
vascular action. In this chapter, the therapeutic uses of aspirin are presented.

Keywords: aspirin, inflammation, cancer, prostaglandins, platelets, cyclooxygenase

1.  Introduction

Aspirin is one of the most widely used medicines [1], with some disputes about its 
real birth date, and it has celebrated its 120th birthday. Chemically, aspirin is called 
acetylsalicylic acid and is widely used as an analgesic, antipyretic, and anti-inflamma-
tory agent, as well as for treating headache and muscle and joint pain [2].

It is also used long-term in people at high risk for ischemic disease. It is considered 
to be one of the major drugs that has been discovered [3], and no drug is currently 
as widely used as aspirin. It is a nonsteroidal anti-inflammatory drug (NSAID) that 
suppresses normal platelet function. It is used as an analgesic, antipyretic, and anti-
inflammatory agent. At low doses, it is also taken as a platelet anticoagulant (anti-
thrombotic). It should not be taken by people who are deficient in the G6PD enzyme 
or by people under 16 years of age because of the risk of Reye’s syndrome (high fever, 
headache, sudden death) and with caution by people taking anticoagulation agents. 
Many people take aspirin to reduce the risk of heart attack. Aspirin helps to prevent 
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thrombosis in the heart or even in the brain; thus, strokes can be avoided. This 
discovery was made by Dr. Lawrence Craven in approximately 1950 when he noticed 
unusual bleeding in children who were taking aspirin to treat pain after tonsil surgery. 
Recent research suggests that aspirin may help prevent the development of cancer-
ous tumors, such as those of the stomach, intestines, or even the breast. However, 
although aspirin is considered a “good” medicine for the prevention and treatment of 
many diseases, doctors recommend that no one should take aspirin without a doc-
tor’s approval because taking it is not only unsafe for all people but can also interact 
with other medicines and cause harm. Women who are pregnant should avoid taking 
aspirin. Despite these problems, aspirin is still one of the oldest and most widely used 
drugs in the world [3]. The side effects of aspirin are presented in Figure 1.

2.  Effects and uses of aspirin

2.1  Antiplatelet effect of aspirin

The most useful therapeutic properties of aspirin depend on its ability to inhibit 
prostaglandin formation. Prostaglandins are a large group of biologically active, 
unsaturated fatty acids with 20 carbon atoms produced during the metabolism of 
arachidonic acid and through the cyclooxygenase pathway. They are local hormones 
that are rapidly formed, act on adjacent regions and are subsequently broken down 
and destroyed by enzymes. The prostaglandins PGD2, PGE2, PGF2a, PGI1, PGI2, 
prostacyclin, and thromboxane (TXA2) are important mediators of inflammation. 
Nonsteroidal anti-inflammatory drugs inhibit the production of prostaglandins. 
Prostaglandins affect a wide number of biological processes, including vasodilation, 
vascular permeability, bronchospasm, platelet aggregation, dysmenorrhea, inhibition 

Figure 1. 
Main side effects of aspirin [4].
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of gastric secretion, and stimulation of nerve receptors of algae during tissue destruc-
tion, inhibition of sleep, and maintenance of an open arterial duct. Exogenous 
administration of PGE2 in the form of a gel is used to soften the cervix before the 
onset of labor.

The normal endothelium is a stable, strong antithrombotic (thromboresistant) 
blood flow surface. It exhibits anticoagulant, fibrinolytic, and antiplatelet properties. 
Prothrombotic and antithrombotic properties. However, whenever the endothelium 
is activated or disrupted, it rapidly transforms into a prothrombotic surface, which 
effectively promotes coagulation, inhibits fibrinolysis, and activates platelets. 
Hemostatic transformation of the vessel wall is caused by mechanical damage or 
by disruption and activation of vascular cells by factors such as cytokines, cytokine 
bacterial endotoxins, hypoxia, and various hemodynamic forces. Prostaglandin I2 
(PGI2, prostacyclin) is an important endothelial oxygenation product that is synthe-
sized through cyclooxygenase (COX) and prostacyclin synthase from arachidonic 
acid [5]. Prostacyclin, like nitric oxide (NO), is both a vasodilator and an inhibitor of 
platelet aggregation (but not platelet adhesion). These actions are achieved through 
the activation of adenylate cyclase, thereby increasing the levels of cyclin adenosine 
monophosphate (cAMP) in target cells, which are vascular smooth muscle cells and 
platelets. The hyperpolarizing endothelial proliferative factor (EDHF) and carbon 
monoxide, a byproduct of the metabolism of hemoglobin to chlorpromazine by haem 
oxygenase [6], are also direct factors in vasodilators, which are used by endothelial 
cells. Endothelial adenosine diphosphate (ADPase) or CD39 [7] is a membrane inhibi-
tor of platelets that may indirectly promote vasodilation by producing adenosine. 
These properties of the endothelium are compensated by endothelial vasoconstrictor 
factors, including platelet-activating factor, platelet-activating factor endothelin-1, 
and thromboxane A2 (TXA2).

2.1.1  Biological inflammation mediators

2.1.1.1  Derived from plasma

• Quinines (bradykinin)

• Complement factors (C3a, C3b, C5a, C5, C6, and C7)

• Fibrin degradation products

• Hageman factor

• Protease inhibitors (α2 macroglobulin and α1 antitrypsin)

• CRP

2.1.1.2  Produced locally in tissues

• Arachidonic acid products (PGE2, PGI2, TxB2, and LTB4)

• Vasodilator amines (histamines)

• Cytokines (interleukins 1 (IL-1) and 2 (IL-2))
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• Oxygen and nitric oxide free radicals

• Platelet-activating factor

Cyclooxygenase and lipoxygenase act on arachidonic acid and release prostaglan-
dins (PGE), prostacyclin (PGI2), thromboxane (TxB2), and leukotrienes (LT). These 
biological products exert a variety of actions, both inflammatory and anti-inflam-
matory, while some eicosanoids cause severe pain. Thromboxanes are physiologically 
active compounds found in many organs of the body. They are formed in vivo from 
prostaglandin endo-peroxides and cause platelet aggregation, arterial constriction, 
and other biological effects. Thromboxanes are important mediators of the actions of 
polyunsaturated fatty acids transformed by cyclooxygenase. They are produced by 
platelets, which cause blood to clot and blood vessels to constrict. It also encourages 
the accumulation of platelets. Thromboxane A2 (TXA2) is active but is very unstable 
and has a half-life of only 30 seconds before it undergoes hydrolysis to form throm-
boxane B2 (TXB2), which is inactive [8].

COX-1 is an enzyme that occurs in a wide range of cells throughout the whole 
organism. It maintains the formation of PGs involved in the performance of essential 
functions (e.g., control of blood flow through individual organs). COX-2 (Figure 2) 
is synthesized from the beginning (de novo) in anti-inflammatory cells [10], such as 
neutrophils and mast cells, after exposure to bacterial endotoxins and/or cytokines 
(e.g., tumor necrosis factor (TNF) and interleukin 1b). The production of PGs at sites 
of inflammation and/or tissue can cause damage. COX-2 is released in large quantities 
locally in the area of inflammation or systemically after infection. Originally, it was 
thought that this was a result of an increase in arachidonic acid. In 1990, however, it 
was shown that this increase in the formation of prostaglandins was due to an increase 
in the expression of the enzyme cyclooxygenase [11]. We now know that increased 
cyclooxygenase is not cyclooxygenase-1 but rather an isomer of cyclooxygenase-2. In 
the sequence of reactions that produce prostaglandins from arachidonic acid, aspirin 
inhibits the essential enzyme cyclo-oxygenase.

Figure 2. 
The “Cox-2 crystal structure” of cox-2 inhibited by aspirin [9].
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The antiplatelet effect of aspirin results from the elimination of COX-1 and COX-
2. It causes permanent acetylation of serine at position 530 in COX-1 and at site 516 in
COX-2, regulating the connection of arachidonic acid to the catalytic active site of the
enzyme. Aspirin has a greater effect on COX-1 than on COX-2, as it is approximately
170 times more effective at inhibiting COX-1 [12]. Additionally, along with interfer-
ing with thromboxane production, aspirin also inhibits the synthesis of prostaglan-
dins, most importantly, prostacyclin. In a normal environment, thromboxane and
prostacyclin are in homeostatic equilibrium, with incompatible effects on platelet
aggregation and vascular action (thromboxane is synthesized within platelets, but
prostacyclin is synthesized within endothelial cells) [13].

2.2  Anti-inflammatory uses of aspirin

One of the properties of the immune system is the ability to communicate, coordi-
nate, and move cells to achieve protection against foreign invaders. Communication 
between immune cells is achieved by means of small protein molecules produced 
by different types of cells called cytokines. The class of cytokines includes a wide 
variety of regulatory factors produced by many different types of cells. They are 
usually secreted by immune cells when they encounter a pathogen, activating other 
immune cells and thus increasing the immune response. T cells and macrophages are 
important sources of cytokine production. Cytokines are divided into chemokines, 
interleukins, and lymphokines based on their function and the cells that secrete them 
or the target cells on which they act. Examples of inflammatory cytokines are inter-
feron (IFN)-a, tumor necrosis factor (TNF)-a, interleukin (IL)-1b, IL-6, and IL-8 
(Figure 3).

Aspirin affects the inflammatory pathway by irreversibly inhibiting cyclooxygen-
ase (COX)-1, altering the enzyme activity of COX-2, and decreasing the production of 
prostaglandins and thromboxane. The above mechanisms are effective in increasing 
the risk of atherosclerosis and heart disease [15]. Aspirin can lower oxidative stress 

Figure 3. 
Pathways of inflammation [14].
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and defend against oxidative damage. There are useful effects of aspirin in preclinical 
and clinical studies of mood disorders and schizophrenia. Epidemiological data sug-
gest that high-dose aspirin is associated with a decreased risk of Alzheimer’s disease. 
COX-2 inhibitors may cause neuroinflammatory reactions, reduce antioxidant resis-
tance, and promote neuronal progression. COX-2 inhibition may also interfere with 
inflammation decreases the production of prostaglandin E2 (PGE2). Therefore, to 
understand the clinical efficacy of aspirin in patients with neuropsychiatric disorders 
such as depression and schizophrenia, it is important to consider how its inhibition of 
COX-1 affects these patients [15].

2.3  Aspirin in preeclampsia prevention

Preeclampsia (PE) is defined as hypertension during pregnancy (systolic blood 
pressure >140 mmHg and diastolic >90 mmHg), together with albuminuria (>300 mg 
of albumin in a 24-hour urine collection or >30 mg/mmol in a random urine sample or 
more than one cross in a urine stick), with or without abnormal edema. A severe form 
of preeclampsia can threaten the life of both mothers and children. Approximately 1 
in 200 women (0.5%) develop severe preeclampsia during pregnancy. Symptoms tend 
to become apparent in the latter stages of pregnancy but may appear for the first time 
even after delivery.

Symptoms of a severe form of preeclampsia include the following:

• Severe headaches that do not subside with simple painkillers

• Vision problems, such as blurred vision or flashes in front of the eyes

• Severe pain just below the ribs

• Burning in the chest that does not go away with antacids

• Rapidly increasing swelling in the face, hands, or feet

• A very strong feeling of sickness.

Preeclampsia affects the development of the placenta, which can prevent normal 
fetal development. There may also be less fluid around the fetus in the uterine envi-
ronment. If the placenta is severely damaged, then the fetus will be in a very difficult 
situation. In some cases, this can even lead to the death of the fetus in the womb. 
Medical monitoring aims to identify and rescue the most at-risk fetuses and deliver 
them since the delivery of the fetus, especially the placenta, is the treatment for 
preeclampsia.

In PE, the creation of thromboxane A2 and prostaglandin I2 is modified by the 
excessive accumulation of TXA2 metabolites in the maternal systemic circulation. 
This leads to increased actuation and aggregation of platelets and vasoconstriction, 
resulting in decreased placental perfusion and oxidative stress. Aspirin acetylates the 
platelet enzyme COX, altering the synthesis of different prostaglandins, and behaves 
as an analgesic and anti-inflammatory agent. Aspirin permanently suppresses COX-1 
and reversibly suppresses COX-2 to a minor extent. The consequent reticence of the 
COX-dependent creation of thromboxane A2 prevents platelet aggregation. This 
result is maintained for the entire platelet lifespan of 8–9 days [16]. Low-dose aspirin 
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decreases fatality and despair in pregnant women at high risk of PE. The FDA has 
assigned this drug as pregnancy category C, and treatment is relatively safe. Although 
aspirin can cross the placenta, it is safe at low doses [16, 17].

2.4  Antitumor effect of aspirin

Many studies have established that aspirin can minimize the morbidity and mor-
tality of tumors, including bladder cancer, breast cancer, esophageal cancer, gastric 
cancer, colorectal cancer, liver cancer, lung cancer, and prostate cancer.

Angiogenesis is a crucial process in the course of tumorigenesis. Cancer cells have 
the ability to exploit preexisting vessels (coadoption) to initiate the creation of a 
well-vascularized tumor. The defensive response of the initial vessels to this process 
is the regression of the vessels, resulting in the formation of an unvascularized tumor. 
The tumors that will succeed in growing are those that have overcome the process 
of vascular regression, inducing angiogenesis again. The main factor that induces 
angiogenesis is hypoxia. Von-Hippel Lindau protein (VHL) plays an important role in 
regulating HIF-1a gene expression and is increased in hypoxic cancer cells (hypoxia 
inducible factor), leading to the transcriptional overexpression of several genes, the 
products of which induce angiogenesis. The most important are vascular endothelial 
growth factor A (VEGF-A) and platelet-derived growth factor (PDGF). VEGF binds 
to the receptors VEGFR-1/flt-1 and VEGFR-2/KDR/flk-1, which are located on the 
surface of existing endothelial cells and promote proliferation, migration, differ-
entiation, and survival. This process is mediated through changes in the expression 
of integrins (a family of receptors for endothelial cell adhesion to the surrounding 
layer). Eventually, these immature vessels need to mature, a process through which 
the action of PDGF on its receptors in pericytes leads to the coating of neoplastic 
vessels by pericytes [18, 19].

The mode of action of aspirin in cancer prevention has not been established. The 
anticancer effects of aspirin are proposed to occur through acetylation-mediated 
inactivation of COX, as COX-2 is upregulated in 80–90% of colorectal cancers [20]. 
Another study in human intestinal mucosal cells revealed that low-dose aspirin pro-
duced acetylation of COX-1 and strongly inhibited PGE2 synthesis to reduce the levels 
of S6 kinase, which is involved in the blockage of early colorectal carcinogenesis [21].

Salicylic acid, the hydrolyzed outcome of aspirin, is also involved in the chemopre-
ventive effects of aspirin. Salicylic acid was shown to bind to many cellular proteins 
(salicylic acid binding proteins or SABPs), such as IκB kinase (IKK), a constituent of 
the NF-κB complex AMP-activated protein kinase, glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH), and CDK2, affecting their levels and/or functional activity [22]. 
Aspirin may also inhibit mammalian target of rapamycin (mTOR), HIF-1α, and 
VEGF-A signaling related to antiangiogenesis and the development of autophagy at 
the protein level in murine hepatocarcinomatous and sarcoma models. mTOR is a 
282 kPa intracellular serine/threonine kinase that acts as a central regulator of cell 
proliferation and the cell cycle. When the mTOR biochemical pathway is activated, 
the risk of cancer may increase [23].

3.  Conclusions

Aspirin, or acetylsalicylic acid, is one of the most widely known analgesic and 
anti-inflammatory drugs. Depending on the dosage used, it can reduce pain, as well 



Aspirin – New Applications of an Old Medicine

8

Author details

Maria I. Trapali
Department of Biomedical Sciences, School of Health and Care Sciences, University 
of West Attica, Athens, Greece

*Address all correspondence to: ymaria@uniwa.gr

as fever, and may also be beneficial in preventing cerebral thrombosis and stroke. 
Αspirin was launched in 1899, and to date, it is a benchmark analgesic drug with sales 
exceeding 400,000 tons worldwide. High doses of aspirin are used for its anti-inflam-
matory effect, while low doses of aspirin are usually used for its antiplatelet effect. 
The most common side effect of the drug (Figure 3) is the induction of digestive 
erosion and ulcers. The most serious complication is bleeding from these lesions, 
especially for bleeding from aspirin-treated patients.

Aspirin exerts both therapeutic and toxic effects on the body’s actions mainly 
through the inhibition of COX, a key enzyme for the metabolism of arachidonic acid 
to produce prostaglandins. There are two main forms of COX: (a) COX-1 or basic 
COX-1, which is continuously produced (such as prostaglandin E2 in the kidneys, 
prostaglandin E2 in the mouth and kidneys, prostaglandin I2 or prostacyclin in blood 
vessels, and thromboxane in platelets), and (b) COX-2 or inducible COX-2, the pro-
duction of which is induced during the inflammatory phase reaction and may induce 
the production of COX-1-like prostaglandins depending on the inflammatory organ.

The antiplatelet effect of aspirin results in the elimination of COX-1 and COX-2. 
It causes permanent acetylation of a serine at position 530 in COX-1 and at position 
516 in COX-2, regulating the connection of arachidonic acid to the catalytic active 
site of the enzyme. Aspirin can also lower oxidative stress and protect against oxida-
tive damage. There are advantageous outcomes of aspirin in preclinical and clinical 
studies on mood derangement and schizophrenia, and epidemiological data suggest 
that high-dose aspirin is related to a decreased risk of AD. COX-2 inhibitors may cause 
neuroinflammatory reactions, reduce antioxidant resistance, and provoke neuro-
progression. COX-2 inhibition may also interfere with inflammation, decreasing the 
production of PGE2. Aspirin may also inhibit mTOR, HIF-1α, and VEGF-A signaling 
related to antiangiogenesis and the development of autophagy at the protein level in 
murine hepatocarcinomatous and sarcoma models. mTOR is a 282 kPa intracellular 
serine/threonine kinase that acts as a central regulator of cell proliferation and the 
cell cycle. When the mTOR biochemical pathway is activated, the risk of cancer may 
increase [24–26].

Future prospects related to aspirin could include further research on the possible 
treatment of new diseases and the study of genetic polymorphisms possibly involved 
in the drug’s mechanism of action.

© 2024 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative 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. 
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Chapter 14

Genetics of CPSP
Stephen Sciberras

Abstract

Various polymorphisms in several genes appear to be involved in the development 
of chronic post-surgical pain (CPSP). These genes are involved in the transduction, 
transmission and modulation of a nociceptive impulse. Understanding the influence 
of such polymorphisms would lead to a better awareness of the underlying processing 
in CPSP, with the possibility of stratifying the risk of CPSP for individual patients. It 
may also identify new treatment options by targeting specific points in this pathway. 
We look into six genes—SCN9A, KCNS1, GCH1, COMT, OPRM1, OPRK1—that are 
involved in nociception, and look at current literature to support their involvement 
in the development of CPSP. We also describe the potential use of such information in 
clinical practice.

Keywords: CPSP, SCN9A, KCNS1, GCH1, COMT, OPRM1, OPRK1

1. Introduction

Nociception involves various receptors encoded by different DNA sequences. 
Hence, changes in these genes could play a significant role in nociception by altering 
the function of receptors and other proteins involved in nociception [1].

Mutations in a gene may involve three main different mechanisms: base substitu-
tion, insertion or deletion [2]. It is more frequent to have single nucleotide changes, or 
polymorphisms (SNPs) than changes that involve a series of bases.

We shall be focusing on three main pathways that could be affected by different 
genotypes:

• Ionic channels involved in the initialization and transmission of nociceptive 
impulse

• Modulation of pain pathway involving catecholamines

• Pharmacogenetic response to analgesics.

2. Genetic variations in ionic channels

We shall concentrate on two ionic channels: the sodium voltage-gated channel and 
the potassium voltage-gated channel.
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2.1 SCN9A

Voltage-gated sodium channels (VGSC) are important in the generation and 
transmission of an action potential. The nine different VGSC alpha subunits are 
encoded for by nine genes spread over four chromosomes [3]. In particular, one type 
of VGSC alpha subunit, Nav 1.7 is implicated in channelopathy-associated insensitiv-
ity to pain and is encoded by SCN9A. Nav1.7 is involved in the initiation of an action 
potential and hence it is important in setting the sensitivity for nociceptive signals 
to be transmitted [4]. In fact, a number of Nav1.7 inhibitors have been looked into as 
possible analgesics [5].

The SCN9A gene is found on chromosome 2 (2q24.3), and is 113.5-kbases long. 
There are 29 exons in the gene, as characterised by Raymond et al. This work also 
showed how SCN9A, like other genes responsible for voltage-gated sodium chan-
nels, exhibit alternative splicing of some of these exons. This mechanism allows for 
even more variability in the resulting protein structure. Indeed, exon 5A of SCN9A is 
preferentially expressed in the peripheral nerves and central nervous system, whereas 
exon 5A was transcripted only in dorsal root ganglion neurones [6].

SCN9A polymorphism is responsible for structural differences in Nav1.7, which 
may lead to differences in channel activity. Reimann et al. [7] investigated the func-
tional effects of rs6746030, which is a mutation in exon 18 involving a substitution 
of an amino acid at position 1150. Although peak currents and time of activation or 
fast inactivation were not different, slow inactivation was shorter in subjects with 
the minor allele A of rs6746030. Slow inactivation regulates the firing frequency of 
neurons, so this could explain how this mutation predisposes to a greater sensitivity to 
pain.

Polymorphisms in this gene are implicated in erythromelalgia and similar 
neuropathic pain syndromes [8], congenital insensitivity to pain [9] and possibly 
epilepsy [10–12], schizophrenia [13]. SCN9A is also associated with Paroxysmal 
Extreme Pain Disorder, which is characterised by skin flushing and episodes of 
severe pain [14]. Zhong et al. [15] also related propofol sensitivity to rs6746030, 
with carriers of the minor allele requiring lower propofol plasma concentrations 
for the same effect.

Estacion et al. [16] demonstrated that the single nucleotide change from the G 
allele to the A allele at rs6746030 results in a structurally different Nav1.7 that is more 
excitable. Indeed, rs6746030 has been implicated in higher pain scores in patients 
with lumbar disc herniation [17]. In a study of 27 different SNP’s of the SCN9A gene, 
rs6746030 was the most influential in over 1200 patients investigated, including in 
postoperative pain [7]. Specifically in a postoperative setting, Duan et al. investigated 
the role of rs6746030 in the prediction of post-operative pain following gynaecologi-
cal laparoscopic surgery. The presence of the minor allele of the SNP resulted in a 
higher Numerical Rating Score [18].

Other SNP’s investigated have been less researched. rs11898284 has been shown 
to be associated with increased heat pain sensitivity [19]. Patients who carry the 
minor allele of rs11898284 appear to have worse outcomes after total knee arthro-
plasty [20].

One issue with research in SCN9A is the low frequency of some of the mutations 
investigated. This would mean that a large number of patients would need to be 
enrolled in a study to see any difference, especially in homozygous carriers of these 
mutations.
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2.2 KCNS1

Potassium voltage-gated channels do not participate directly in signal transduction 
but are important in modulating the resting membrane potential. In this way, these 
channels either facilitate or inhibit an action potential from being generated [21].

Kcns1 is a Kv9.1 channel subunit, which is electrically silent on its own, but modu-
lates channel properties when combined with other potassium channels [22, 23]. This 
is coded for by the KCNS1 gene, a small gene with around 11,000 base pairs found on 
chromosome 20 (20q13.12).

Experimental data shows that mice that lack KCNS1 suffer from a slight increase in 
acute pain under normal circumstances but show an exaggerated response after nerve 
injury [24]. Costigan et al. [22] also explored neighbouring genes and found that 
nearly 80% of these were involved in membrane signalling, with nearly half of these 
associated with nociception. They conclude that KCNS1 is central to many pathways 
that are integral to pain perception.

The most common polymorphism in KCNS1 studied so far is rs734784, which is 
found in exon 5. This missense SNP is common in the general population (around 
40–45%) and leads to one isoleucine amino acid being changed to a valine residue. 
rs734784 has been associated with increased pain in volunteers and in patients with 
sciatica [22].

Costigan et al. [22] looked into the pain of 151 patients a year after lumbar discec-
tomy and found an association of greater pain with rs734784. The mutation accounted 
for around 5% of the variance in pain scores in these patients. The same authors also 
demonstrated that rs734784 was more frequent in patients who had suffered from 
chronic phantom pain after an amputation.

In a study of 345 women who underwent an elective hysterectomy, Hoofwijk et al. 
[25] found no correlation between polymorphisms of KCNS1, including rs734784, and 
CPSP at 3 and at 12 months. Similarly, in 300 patients post-mastectomy, Langford 
et al. [26] did not find a difference in patients with or without this SNP. Costigan et al. 
[22] also did not find an association between pain at 12 months following surgery and 
rs734783.

On the other hand, Sciberras et al. found that patients homozygous for the C allele 
of rs734784 had significantly less WOMAC® scores throughout the study period [20]. 
Clinically, this translated to a WOMAC® score of nearly 4 points less, with a similar 
trend in pain scores.

Such contradictory findings are common in genetic studies. Differences in meth-
odology, such as the use of a recessive or additive model may make a difference—
Sciberras et al. used a recessive model, whereas Costigan et al. employed an additive 
model only.

3. Modulation of pain pathways involving catecholamines

Catecholamines are integral to the modulation of nociception. Levels of nor-
adrenaline, adrenaline and dopamine modulate the transmission of nociceptive 
impulses through the spinal cord [27], and affect the perception of pain in the brain 
[28]. For instance, in normal healthy tissue, norepinephrine has little effect. However, 
after injury, levels of norepinephrine may correlate with either hyperalgesia or 
analgesia, depending on an interplay of different receptors and neuronal pathways. 
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Furthermore, noradrenergic neurotransmitters such as dopamine also affect the brain 
itself. For instance, dopamine D-1 receptors are pronociceptive, whereas stimulation 
of D-2 receptors appears to be effective against tonic pain [29].

3.1 GCH1

Synthesis of catecholamines starts by uptake of tyrosine [30]. This is converted to 
dopamine by tyrosine hydroxylase, a process that requires tetrahydrobiopterin (BH4). 
This cofactor is produced by GTP cyclohydrolase 1, encoded by the GCH1 gene which 
is found on chromosome 14 and measuring around 60,800 base pairs.

In rats, BH4 levels have been associated with pain, specifically neuropathic pain. 
Tegeder et al. [31] demonstrated how axonal injury increased the upregulation of 
GCH1 and consequently levels of BH4 in primary sensory neurons. Inhibiting the 
increase in BH4 levels alleviated pain, whereas administering BH4 intrathecally 
exacerbated the pain.

In human volunteers, subjects who carried polymorphisms of GCH1 had less 
pain when a topical high concentration of capsaicin was applied to their skin [32]. In 
this small study, GCH1 was shown to be responsible for 35% of the inter-individual 
response to pain.

Tegeder et al. [31] were the first to describe a pain-protective haplotype made up 
of 15 polymorphisms in the GCH1 gene. In a study of 523 patients attending a tertiary 
care outpatient pain centre, homozygous carriers of this haplotype spent less time on 
specialised pain therapy [33], although the effect was small. This might be due to the 
small number of patients who had this haplotype of 15 specific SNPs: only around 
14% of patients carried this haplotype, with only 10 subjects being homozygous 
carriers. Lötsch et al. [34] later reduced this haplotype to three main polymorphisms, 
including rs3783641. Their work showed that two SNPs predicted the pain-protective 
haplotype with nearly 100% sensitivity. These SNPs were rs8007267 and rs3783641. 
We also note that the presence of rs3783641 without rs8007267 occurs infrequently 
(1.4%), as shown in Table 1.

Tegeder et al. [31] also showed an effect of a pain-protective haplotype on pain 
scores 12 months after a lumbar discectomy. 162 patients were enrolled, with success-
ful follow-up in 147 subjects. An additive effect of the haplotype was found: patients 
with no copy of the haplotype fared worse, patients homozygous for the haplotype 
were all better, and the heterozygous patients had an intermediate response. The 
authors themselves note that rs3783641 and rs8007267 would have contributed most 
to this effect.

Kim et al. [35] also showed a protective effect of rs998259 and the above-men-
tioned haplotype in 69 patients after surgical treatment of lumbar disc degeneration. 
These patients were followed up for 12 months. Functional scores improved more in 
patients with the minor allele of rs998259.

Contrary to these finding, the presence of rs3783641 actually increased the odds 
of CPSP at 3 and at 12 months, although this was not statistically significant, in 
patients after elective hysterectomy [25] and in patients after a total knee arthro-
plasty [20].

Multiple studies were either inconclusive or showed no effect of GCH1 on CPSP 
[36–38]. A meta-analysis of studies involving rs3783641 concludes that any associa-
tions demonstrated so far are probably spurious [39].
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3.2 COMT

The COMT gene on chromosome 22 codes for the enzyme Catechol-O-
MethylTransferase (COMT). This enzyme metabolises catecholamine neurotrans-
mitters (dopamine, epinephrine and norepinephrine), by adding a methyl group 
[40]. COMT itself has been extensively studied as a possible therapeutic target, most 
notably in Parkinsonism.

The human COMT gene was first described by Tenhunen et al. [41]. It contains six 
exons, spanning over around 27,000 base pairs. Two promoters control the transcrip-
tion of the gene into two different mRNA: MB-COMT and S-COMT. The former is 
found predominantly in brain neurones, whereas the latter is found more in other 
tissues such as the liver, kidney and blood.

Over 8000 single point mutations in the COMT gene are currently known. The 
fours most commonly studied in CPSP are rs4680, rs4633, rs4818 and rs6929.

The rs4680 mutation, also known as the Val 158 Met polymorphism has been 
extensively studied. rs4680 causes a structural change in the COMT enzyme, 
which lowers enzymatic activity. Hence, patients with the A variant will be able to 
metabolise catecholamines at a slower rate. The two variants are co-dominant, so 
heterozygous individuals will have an intermediate activity level [42]. It has been 
implicated in more severe low back pain [43], in patients with multiple sclerosis [44], 
and also in predicting the opioid consumption after surgery [45]. In the case of total 

SNP Change Haplotypes

rs8007267* G > A G G A G G

rs2878172 T > C T T C C C

rs2183080 G > C G G G C G

rs3783641* A > T A A T A A

rs7147286 C > T C C T T C

rs998259 G > A G A G G G

rs8004445 C > A C C C A C

rs12147422 A > G A A A G A

rs7492600 C > A C C C A C

rs9671371 G > A G G A G A

rs8007201 T > C T T C T C

rs4411417 A > G A A G A A

rs752688 G > A G G A G G

rs7142517 G > T G T G T G

rs10483639* C > G C C G C C

31.5% 19.8% 14.6% 9.7% 7.6%

Dark grey shading: pain-protective haplotype.
*SNPs investigated by Lötsch et al.

Table 1. 
Pain-protective haplotype of GCH1, as per Tegeder et al. [31].
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knee replacements, Thomazeau et al. [46] found that the rs4680 mutation was more 
frequent (83%) in patients reporting chronic postsurgical pain, compared with 64% 
in the other patients. This conferred an odds risk ratio of 3.42 upon multivariate 
analysis.

Similar to rs4680, rs4633 affects COMT enzyme activity, although polymorphism 
at this site is not associated with structural changes of the enzyme itself. The T allele is 
associated with lower COMT activity, and the C allele with the higher COMT activity.

rs4818 is not associated with any structural changes, but polymorphism at this 
allele is associated with even more variation of the COMT enzyme when compared to 
rs4680. Patients who are homozygous for the G variant will have increased enzymatic 
activity. Heterozygous individuals will have intermediate activity, and homozygous 
individuals with the C variant will have the least enzymatic activity [47].

With regards to CPSP, the evidence for COMT is still somewhat inconclusive. 
Wang et al. [48] did not find a relationship between CPSP and the genotype of 
women who had undergone a caesarean section, but the number of patients with 
CPSP was admittedly small. On the other hand, in patients after TKA, Thomazeau 
et al. [46] found a borderline significance between the rs4680 A allele and chronic 
pain, with an odds ratio of 3.2, but the authors comment that the study was most 
likely underpowered to find significant differences. Rut et al. [49] demonstrated a 
protective association of the minor allele of rs4633 (T) in patients one year after a 
lumbar discectomy. However, the same study showed that the G allele of rs4680 was 
associated with a better outcome, not the minor A allele as in other studies. It is could 
be that COMT variations may have a different effect on different types of surgeries.

COMT polymorphisms are increasingly being researched as a haplotype, using 
rs6269, rs4633, rs4818 and rs4680 respectively as a haploblock: a region on a gene that 
has tends to be inherited as a whole. Diatchenko et al. [50] were the first to observe 
that these four polymorphisms produced seven haplotypes that had a frequency of 
more than 0.5%, as shown in Table 2. The most common three haplotypes account 
for over 95% of all haplotypes: these are the GCGG, ATCA and ACCG haplotypes. 
Patients with the GCGG haplotype possess the rs4818 mutation only, and these 
patients would have the highest COMT activity. Hence GCGG is classically defined as 
the Low Pain Sensitivity (LPS) haplotype. Conversely, ACCG is associated with the 
lowest COMT activity and is defined as the High Pain Sensitivity (HPS) haplotype. 
Finally, the ATCA haplotype confers intermediate COMT activity and is defined as 
the Average Pain Sensitivity (SPS) haplotype [52].

For instance, Zhang et al. showed that patients with the haplotype ACCG had a 
higher fentanyl consumption than in patients with the haplotypes GCGG or ATCA 
[52]. This effect was not seen when individual SNP’s were analysed.

rs6269 rs4633 rs4818 rs4680 COMT activity Pain Frequency (%)

G C G G High Least pain 36.8

A T C A Intermediate Intermediate 54.6

G C C G Low Most pain 7.0

A C C A Unknown Unknown 1.7

Adapted from [51].

Table 2. 
Various haplotypes of the COMT gene, with relative COMT activity.
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Contrary to the observations by Diatchenko [50], Sciberras et al. found that the 
TCA haplotype was linked to lower pain scores [20]. This was a different cohort of 
patients, and indeed in a similar group of patients, Rut et al. [49] found that rs4633 
showed a protective effect. Another study of 69 patients after lumbar spinal surgery, 
this time by Dai et al. [53], also found that patients with the T allele for rs4633 had 
better functional outcomes after twelve months. Furthermore, the ATCA haplotype 
was associated with better outcomes. On the other hand, Machoy-Mokryńska et al. 
[54] observed higher levels of pain with the TCA haplotype.

One limitation of most studies is the lack of correlation between genetic polymor-
phism and enzymatic activity. This has been done by Dharaniprasad et al. [55], in 216 
patients after cardiac surgery. rs4680 was associated with a 14-fold lower activity in 
COMT activity. Indeed, patients with this polymorphism all developed CPSP.

4. Pharmacogenetic response to analgesics

Genetics also play a role in the individual response to analgesics, through changes 
in receptors involved in nociception, or through changes in enzymes involved in the 
metabolism of these analgesics.

4.1 OPRM1

The MOP receptor, previously known as the μ-opioid receptor, is a G-coupled 
protein receptor that binds to endomorphins and endorphins [56]. Activation of the 
receptor leads to reduced cAMP intracellularly which causes a hyperpolarisation of 
the cell membrane [57]. The MOP receptor is mainly present in the central nervous 
system, especially in the periaqueductal grey zone. This is involved in descending 
inhibitory pathways that act on second-order neurons in the spinal cord to reduce 
nociception and hence induce analgesia.

The OPRM1 gene resides on the long arm of chromosome 6, and it is about 
230,000 base pairs long over 18 exons [58]. Given the large size of the gene, it is not 
surprising that there are 3324 documented polymorphisms of the OPRM1 gene. Only 
1395 of these variants have a minor allele frequency greater than 1% [59, 60].

The most commonly investigated variant is rs1799971, a mutation in exon 1 of 
OPRM1. The change of residue 40 from asparagine to aspartic acid creates a novel 
CpG-methylation site that prevents the upregulation of OPRM1 [56]. This change 
results in a three-fold increase in the binding of β-endorphin compared to the 
wild-type receptor [61]. One would expect that this would mean that subjects with 
rs1799971 would have an augmented response to opioids, but in fact, the opposite 
seems to be true. Lötsch et al. [62] demonstrated that the pupils constricted less in 
patients with the G allele and that this response was related to the number of G alleles.

rs1799971, also known as the A118G mutation, is frequently found in Asian 
populations (40–60%), less so in European populations (around 15%) and very infre-
quently in populations of African American descent (4%) [63]. It has been linked to a 
poor response to opiates in several studies, both in cancer pain and postoperatively. It 
has also been linked to alcoholism.

Other polymorphisms also show a strong association with pain sensitivity, 
although more work needs to be done to confirm such findings. Shabalina et al. [58] 
investigated 30 candidate SNPs over OPRM1, focussing on polymorphisms in exons 
and promoter genes. With nearly 200 Caucasian subjects, the authors showed that 
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rs563649 and the rs2075572- rs533586 haplotype were associated with pain sensitivity. 
Furthermore, they showed that morphine produced less analgesia in subjects with at 
least one copy of rs563649, although statistical significance was not reached.

4.2 OPRK1 gene

The KOP receptor mediates analgesia without causing respiratory depression [64]. 
Indeed, although all opioids act on MOP receptors, some opioids such as morphine 
and oxycodone exhibit some activity also on KOP receptors.

The primary ligand to KOP is dynorphin, which induces analgesia. The KOP recep-
tor is widely distributed in the central nervous system, including in the spinal cord 
and brainstem [65]. Dynorphin is emerging as an important factor in the develop-
ment of chronic pain [66]. The pain appears to induce an increase in dynorphin levels 
in the spinal cord, as shown by Wagner et al. [67] in a neuropathic pain model in rats. 
This increase in dynorphin occurred 21 days after injury and was observed bilaterally 
in the spinal cord. It is not clear if such a consequence further augments chronic pain, 
or if this is protective [68]. Dynorphin injected intrathecally induces analgesia, but it 
has only been tested in animal models—unfortunately, it is associated with paralysis 
of the hind limbs when used in this manner. Caudle et al. postulate that dynorphin 
may act to reduce pain in the initial phases of injury: this effect has also been seen 
in knockout mice who had the KOP receptors deleted [69]. Such mice exhibited 
increased hyperalgesia after injury.

The gene that encodes for the KOP receptor is the OPRK1, which is present on 
8q11.23. The human gene has been characterised only in 2004, and it is the gene 
responsible for the KOP opioid receptor [70]. It is 26,000 base pairs long on chromo-
some 8, spread over 4 exons.

Literature on OPRK1 polymorphisms and pain development is still scarce. One 
possible candidate polymorphism would be rs6985606, but most of such literature 
reflects research on opioid dependence [71] and on the analgesic response to opioids. 
rs6985606 has been shown to be a risk factor for pre-operative pain in a study of 
women with breast cancer who underwent breast surgery [72].

For instance, Kringel et al. [73] explored the use of a number of biomarkers that 
could be used to identify patients requiring high doses of opioids. Nine potential 
SNP’s in the OPRK1 gene were flagged for future research. However, Sciberras et al. 
[20] could not find any association between rs6985606 and CPSP in a cohort of 
orthopaedic patients.

5. Potential use in clinical practice

So far, there is little evidence of the use of genomic testing for CPSP in clinical 
practice. However, this has been done for other conditions, including pharmaco-
genetic-guided treatment of pain post-operatively (PGx). Senagore et al. reviewed 
the use of PGx in a series of patients, and found better pain scores and lower use of 
opioids in patients who had received pharmacogenetic testing prior to surgery [74].

Given that conclusive polymorphisms that predict CPSP with confidence are still 
to be determined, it might be difficult to recommend a specific panel of assays for 
pre-operative evaluation. However, the techniques in genotyping are continuously 
being refined, and automated batch-testing is possible. Furthermore, the costs of 
such testing is becoming more commercially-viable, so it may be possible in the near 
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future to test individual patients for a number of polymorphisms and calculate a 
predicted risk of CPSP.

The clinical impact of such information is still debatable. CPSP is difficult to treat, 
and may resolve spontaneously with time. However, if a patient is identified as having 
a high risk of developing CPSP, one may refer such cases to a dedicated chronic pain 
clinic for follow-up and treatment.

6. Conclusion

Genetic factors appear to be important in predicting the individual progression 
from acute to chronic post-surgical pain. However, the exact impact and the interplay 
between different combinations of polymorphisms are still to be determined.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative 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. 
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Abstract

Determination of a particular drug in pharmaceutical preparations and biological 
fluids is critically important in pharmaceutical and medical sciences to avoid its 
overdose. Effective analysis requires sensitivities at ppb level or even less in the 
biological fluids with high selectivity. Morphine is a potent analgesic drug that is used 
to relieve severe pains like postoperative pain, labor pain, and cardiac pain. It is a 
μ-opioid agonist which acts directly on the central nervous system to relieve pain. It is 
very important to monitor the doses of morphine in the patient’s body under exami-
nation since the overdose may cause disruption to the central nervous system. As the 
applications of analytical instruments are progressing, modern electrochemical meth-
ods are attracting interest for the analysis of therapeutic agents or their metabolites 
in medical samples since these methods are economic and can detect extremely low 
concentrations approximately 10 ng/ml. A review of the principles and application of 
modern electroanalytical techniques, namely, cyclic voltammetry, differential pulse 
voltammetry, square wave voltammetry, and amperometry, is presented. The use and 
advantages of these techniques at different electrodes for the detection of morphine 
have been discussed. The analytical applications of these techniques to pharmaceuti-
cal compounds in dosage forms and biological media are also discussed.

Keywords: morphine, drug, electroanalysis, electrocatalytic oxidation, sensor

1. Introduction

Morphine is a narcotic analgesic drug mainly used for the relief of postoperative 
pain, cardiac pain, pain of childbirth, and terminal cancers. It is one among the 50 
different alkaloids present in opium and poppy derivatives. It is the active metabolite 
derived from heroin (3,6-diacetylmorphine). Morphine is a μ-opioid agonist which 
acts directly on the central nervous system to relieve pain [1]. Consequently, it can 
cause disruption to the central nervous system if not used properly. The minimum 
lethal dose is 200 mg but in case of hypersensitivity 60 mg can bring sudden death. 
In the case of drug addiction, 2–3 g/day can be tolerated [2]. Therefore, the determi-
nation of concentration of morphine in the patient’s body is a very important issue.
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Morphine is a benzylisoquinoline alkaloid with two additional ring closures. It has 
a rigid pentacyclic structure consisting of a benzene ring, two partially unsaturated 
cyclohexane rings, a piperidine ring and a tetrahydrofuran ring. The structure of 
morphine is given in Figure 1. The first three rings make the phenanthrene ring 
system which has little conformational flexibility. There are two hydroxyl functional 
groups (a phenolic –OH and an allylic –OH), an ether linkage, a basic 3o-amine 
function, and 5 centers of chirality with morphine exhibiting a high degree of stere-
oselectivity of analgesic action.

Morphine is metabolized into morphine-3-glucuronide (M3G) and morphine-
6-glucuronide (M6G). The metabolism of morphine occurs not only in the liver 
but may also take place in the brain and the kidneys. The glucuronides are mainly 
eliminated via bile and urine. A highly polar metabolite that is unable to pass the 
blood-brain barrier is glucuronides. Although morphine glucuronidation in human 
brain tissue has been shown, the capability is much lower than in the liver. This shows 
that morphine glucuronides, despite their high polarity, can enter the brain and that 
the M3G and M6G concentrations detected in the cerebrospinal fluid (CSF) following 
systemic injection represent hepatic metabolism of morphine [3].

Moreover, it has been found that there has been a significant increase in morphine-
related crimes in recent years. More and more people have started taking this drug 
including youngsters. Drug-related crime has been a serious worldwide problem. 
Therefore, there is an urgent demand to develop a rapid and sensitive analyti-
cal method for prohibiting the overuse of morphine as well as its determination 
in pharmaceutical and clinical samples. Traditional analytical methods like gas 
chromatography (GC), high-performance liquid chromatography (HPLC), mass 
spectrometry (MS), etc. have been developed for the determination of morphine. 
This concentration of drug can be detected by HPLC [4–6] as well as GC-MS in urine 
samples [7]. However, these methods need expensive equipment and professional 
operators, which may not satisfy the needs of modern drug prohibition programs. The 
development of simple, convenient, highly sensitive, versatile, fast, and economic 
techniques is very necessary to control the overuses of this drug causing many side 
effects. Recently, electroanalytical methods have been widely used for the analysis of 

Figure 1. 
Structure of morphine.
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morphine. Different methods in electroanalytical techniques have been discussed in 
this chapter for the detection of morphine in clinical samples.

2. Postoperative pain relievers

The effective relief of pain to a patient undergoing surgery is of extreme impor-
tance as it has substantial physiological benefits. Reducing pain with a minimum 
amount of side effects is the main goal of postoperative pain relievers. Various 
agents (opioid vs. nonopioid), routes (oral, intravenous, neuraxial, regional), 
and modes (patient controlled vs. “as needed”) are available for the treatment of 
postoperative pain. Despite years of advances in pain management, the mainstay of 
postoperative pain therapy in many settings is still opioids. Opioids bind to recep-
tors in the central nervous system and peripheral tissues and modulate the effect of 
the nociceptors [8].

Moderate to severe pain, either acute or chronic, is among the conditions for which 
morphine sulfate is FDA approved. Morphine, which is most frequently used in pain 
management, significantly reduces pain in individuals [9]. The management of pallia-
tive/end-of-life care, ongoing cancer treatment, and vaso-occlusive pain during sickle 
cell crises are clinical scenarios that benefit greatly from morphine medication [10]. 
The off-label use of morphine is common for practically any painful disease. When 
patients in the emergency room do not respond to first- and second-line medica-
tions for musculoskeletal pain, stomach discomfort, chest pain, arthritis, and even 
migraines, morphine is administered [11].

In a certain case study, 280 individuals undergoing various types of surgery, 
including thoracic, upper, and lower abdominal, perineal, obstetric, and orthopedic 
procedures, were evaluated for postoperative pain alleviation. Through an indwelling 
epidural catheter, morphine (2/4 mg) was administered following the procedure. 
Only 3.5% of patients reported being unsatisfied, compared to 87% who had excel-
lent analgesia. In 30% of cases, a single injection provided total pain relief for the 
whole postoperative time. The remaining patients had a mean analgesic duration 
of 10.7 hours (SD ± 4.3). Although the immediate effect after 4-mg doses may well 
involve systemic reactions due to rapid vascular uptake of morphine from the spinal 
fluid, plasma morphine concentrations obtained after 2-mg doses suggest a localized 
spinal action as the basis for the lengthy duration of analgesia [12].

3. Electroanalysis of morphine

Few electroanalytical methods have been identified by researchers for the deter-
mination of morphine. The mechanism of electrochemical oxidation of morphine has 
been shown in Figure 2. The electrochemical oxidative comportment of morphine 
in aqueous solution was very helpful to predict the oxidation peaks of this drug. The 
anodic peaks obtained in the voltammogram are due to the oxidation of phenolic and 
tertiary amine groups present. It has also been verified that a weak peak obtained is 
due to the formation of a dimer in phenolic group oxidation but not due to further 
oxidation of pseudomorphine [13].

The electroanalytical methods include amperometry, differential pulse voltamme-
try (DPV), square wave voltammetry, and cyclic voltammetry (CV). These methods 
have been critically reviewed in this chapter.
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3.1 Amperometry

In this electroanalytical technique, an indicator (working electrode) is subjected 
to a constant reducing or oxidizing potential, and the resulting steady-state current 
is recorded. This method can be used to detect electroactive chemicals in the solution 
because the measured current’s amplitude frequently varies on the concentration of 
the reduced or oxidized component. A small number of researchers have used it to 
find morphine in biological samples that were spiked or real.

A relatively stable and highly sensitive cobalt hexacyanoferrate-modified electrode 
was employed for the first time to study the pharmacokinetics of morphine in rat brain 
after an intravenous administration of morphine (25 mg/kg). The peak current was 
linearly related to the morphine concentration in the range of 1.0 × 10−6 M–5.0 × 10−4 M 
at +0.60 V (vs. Ag/AgCl) with a detection limit of 5.0 × 10−7 M [14]. Another highly 
sensitive and durable sensor for amperometric determination of morphine has been 
reported using CNT [15]. A glassy carbon electrode (preheated at 50°C for 5 min) was 
modified with multiwalled carbon nanotubes (MWCNTs) by simply rubbing electrode 
surface on filter paper powdered with CNT. This modified electrode showed its potential 
as a selective and sensitive electrocatalyst for the determination of morphine with a 
detection limit of 0.2 μM in concentration range 0.5–150 μM and sensitivity of 10 nA/
μM. The amperometric response of the modified electrode was found to be incredibly 
stable over a continuous operation of 30 min. This proves the electrocatalytic potential of 
CNT-modified GC electrode for sensing morphine.

Molecularly imprinted polymers (MIP) have also been employed for morphine 
detection [16, 17]. For synthesizing molecular imprinted polymer, monomer with 
specific functional group is made to interact with a template and then polymerized 
with thermally/UV stimulated initiators. An electrode modified with MIP particles 
within the conducting poly(3,4-ethylenedioxythiophene) polymer, PEDOT (MIP/
PEDOT-modified electrode), which immobilizes particles onto an indium tin oxide 
(ITO) glass has been prepared as presented in Figure 3. This modified electrode 
showed good capability for amperometric detection of morphine in terms of 
sensitivity, operating potential, and reproducibility of the MIP/PEDOT-modified 

Figure 2. 
Electrochemical oxidation of morphine.
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electrode [16]. On the other hand, PEDOT has been applied as electroactive film onto 
the surface of electrode and the intended amperometric sensor showed a sensitivity of 
91.86 μA/cm2 per mM with a detection limit of 0.2 mM for morphine detection [17].

In another unique method, the electrooxidation pathway for morphine was first 
investigated in neutral medium (pH = 6), then hydrodynamic amperometry was used 
for the determination of morphine using Prussian blue film-modified palladized 
aluminum electrode. Result showed that the detection limit of this method was about 
0.8 μM with a linear concentration range 2–50 μM which was less efficient than the 
above reported one [18].

3.2 Differential pulse voltammetry

In DPV, short pulses with limited amplitude are superimposed upon a staircase 
waveform. This method can provide improved selectivity for observing different redox 
processes than other voltammetric methods. Various results have shown good sensitivity 
for the detection of morphine when the DPV method was used for electroanalysis [19, 
20]. In few cases, typical electrochemical cells can be replaced with contracted screen-
printed electrochemical strips for sensors that have proven to be of great potential in 
application areas like pharmaceutical, environmental, and food analysis applications. 
These screen-printed electrodes provide a simple, inexpensive, and user-friendly path of 
electrochemical measurements. However, for the electroanalysis of drug residuals in bio-
logical fluids, particularly in the case of drug abuse, low concentration of drug residuals, 
interferences of other electroactive biological species, fouling the electrode’s surface, and 
sample amount limitations are the major difficulties. These challenges can be overcome 

Figure 3. 
Schematic for the preparation of the MIP/PEDOT-modified electrode [16].
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by using electromembrane extraction (EME) before electroanalysis on screen printed 
strips. This method has been developed for morphine to quantify its concentration in 
urine samples. DPV peak current at 0.18 V was selected as the signal and the calibration 
curve which was plotted by the variation of DPV currents as a function of morphine con-
centration was linear within the range of 0.005–2.0 μg/mL. The limit of detection and 
the limit of quantification were 0.0015 (S/N = 3) and 0.005 μg/mL, respectively [21]. 
Another type of screen-printed electrode containing metal sulfide nanosheets modified 
graphite has been found able to determine morphine simply and effectively at concentra-
tion levels encountered in toxicology and doping. Results indicated linear response in 
a concentration range between 0.05 and 600.0 μM of morphine with 0.03 μM limit of 
detection [22].

A screen-printed electrode modified by electrochemically exfoliated graphene 
oxide has shown good potential for detecting morphine in real samples [23]. Synthetic 
and real urine samples with a maintained pH of 6.6 and 7.0, respectively, were taken 
with added concentration of morphine. The modified electrode exhibited a high-
performance sensing ability with sensitivity of 2.61 nA/μM and a detection limit of 
2.5 μM. The voltammetric response of modified electrode with different concentra-
tions of morphine has been shown in Figure 4.

Real sample analysis has been performed for measuring the potential of synthe-
sized material for the detection of morphine [24]. Urine samples of drug-addicted 
patients were taken for this study where the sample was collected after 5 h from the last 
abuse. This sample was firstly centrifuged and then the supernatant was filtered and 

Figure 4. 
Differential pulse voltammogram for different morphine concentrations [23].
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hydrolyzed before electrochemical analysis. Currently, urine samples are frequently used 
to assess drug usage. Diacetylmorphine, which is heroin, is converted to morphine in 
urine samples. Heroin quickly deacetylates to 6-monoacetylmorphine (6-MAM), which 
has a potency of about six times that of morphine. More deacetylation of 6-MAM results 
in the formation of morphine. Concentration of morphine to codeine in urine of heroin 
abusers is therefore analyzed. MWCNTs/SnO2–Zn2SnO4 modified carbon paste elec-
trodes have shown promising potential for detection of morphine and codeine in urine 
samples. Under optimum conditions, the fabricated electrode showed wide linear ranges 
from 0.1 to 310.0 μM for morphine oxidation and from 0.1 to 600.0 μM for codeine oxi-
dation. The electrochemical performance was better with a detection limit of 0.009 μM 
in real samples than other working electrodes with satisfactory recoveries [24].

Under optimized conditions, a sensitive and selective voltammetric sensor has 
been developed for the detection of morphine. This method used MWCNTs and 
polydopamine to modify the GC electrode. Electrocatalytic efficiency was evaluated 
using DPV that showed the potential of modified electrode for the determination 
of morphine in human plasma and urine samples with a liner dynamic range of 
0.075–75.0 μM and detection limit of 0.06 μM [25]. A portable device containing 
such a sensible and disposable sensor needs to be developed to control drug abuse by 
persons at work and during driving.

3.3 Square wave voltammetry

Square wave voltammetry is a form of linear potential sweep voltammetry that 
uses a combined square wave and staircase potential applied to a stationary electrode. 
Studies on electroanalytical methods for detection of morphine have also been carried 
out using square wave voltammetry. Many materials, individually and as composites, 
have been investigated by researchers that can be used for sensing morphine con-
centration. In a particular study, MWCNTs, MIP, and gold nanoparticles have been 
employed for modification of pencil graphite electrodes. Under optimized conditions 
of several effective parameters, the calibration curve by square wave voltammetry 
was linear in two linear domains, over the range of 0.008–5 μM vs. Ag/AgCl, and the 
detection limit was 2.9 nM [26]. The aforesaid electrochemical sensor was success-
fully applied for MO determination in real samples such as human urine and plasma.

As discussed in the previous subsection 2.2, screen-printed electrodes have shown 
great potential as sensors. An immunosensor based on graphene screen-printed 
electrode modified with gold nanoparticles has been reported for morphine detec-
tion [27]. After modification of electrode with gold nanoparticles, cysteamine was 
also self-assembled on electrode surface via thiol interaction to introduce terminal 
amino groups to the electrode surface. The electrodes were then used to fabricate 
the immunosensor by covalent immobilization of antibodies against morphine. This 
sensor worked because of a competition between morphine and the morphine-bovine 
serum albumin conjugate for the immobilized antibodies on the sensor surface 
and the resulting change in the square wave voltammetry reduction current using 
the hexacyanoferrate system as an electrochemical probe. A sensitive and selective 
detection of morphine in the concentration range 0.1–100 ng/mL with a detection 
limit of 90 pg/mL was obtained. This method was also applied for the determination 
of morphine in spiked saliva samples and showed high recoveries. Such a sensitive 
determination method for morphine is of great interest for public health.

Recently, iron tungstate (FeWO4) has been used for developing an electrochemi-
cal sensor for sub micromolar detection of morphine [28]. The effect of iron-tungsten 
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ratio has been extensively studied for achieving the best possible characteristics and 
Fe1W3 with 7.5% of modifier in carbon paste electrode showed the best results. The 
limit of detection of this modified electrode was 0.58 μM and limit of quantification 
was 1.94 μM. The linear operating range was between 5 and 85 μM of morphine in the 
Britton-Robinson buffer solution at pH 8. The developed electrode resulted in good 
selectivity and excellent repeatability when applied in real biological samples like human 
urine. Selectivity of the method is a crucial parameter for the application in real-word 
sample analysis. To investigate this, the possibility for the detection of 50 μM of mor-
phine was investigated in the presence of ascorbic acid, uric acid, citric acid, dopamine, 
and glucose under optimized conditions. The results of square wave voltammetric stud-
ies in the presence and absence of the above-mentioned interferents have been shown in 
Figure 5. The oxidation potential of morphine and other alkaloids, that can be present in 
urine samples were obtained at different potentials. As found in the literature, morphine 
and alkaloids are simultaneously determined. The developed electrochemical sensor has 
appeared to be a suitable competitor for efficient, precise, and accurate monitoring of 
morphine in biological fluids [28]. There are studies that show the detection of morphine 
with codeine by the researchers [29, 30].

3.4 Cyclic voltammetry

To get both qualitative and quantitative data regarding electrochemical reactions, CV, 
a potentiodynamic electrochemical technique, is frequently used. During a CV measure-
ment, the working electrode’s potential in relation to the reference electrode is determined 
in the system under investigation, and the potential is scanned back and forth between 
predetermined higher and lower limits. The current flowing between the working elec-
trode and the counter electrode is monitored concurrently. CV has been used by several 
researchers for determination of morphine using modified electrodes [31–34].

Figure 5. 
Square wave voltammograms of morphine at Fe1W3@CPE in absence (green line) and presence (red line) of (A) 
ascorbic acid (AA); (B) uric acid (UA); (C) citric acid (CA); (D) dopamine (DOP); (E) glucose (GLU); and 
(F) peak current signal (%) before and after addition of interferents [28].
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Due to their excellent redox mediator properties, some metal hexacyanoferrates 
have been used for the development of electroanalytical methods for detection of 
morphine [14, 16]. In the above cases, the cyclic voltammograms of the modified 
electrode showed the presence of well-defined redox peaks. We have also studied the 
electrocatalytic potential of synthesized cadmium hexacyanoferrate-CNT nanocom-
posite for oxidation of morphine [35]. The synthesized material can be drop cast over 
the surface of glassy carbon electrode which remains stable with no significant loss in 
electrocatalytic activity up to 10 days. This voltammetric sensor worked well in spiked 
urine samples with a detection limit of 0.21 μM that confirms that this modified elec-
trode will show good performance for the determination of morphine in human urine 
fluid samples. Few electrochemical sensors have also been developed that can mea-
sure the concentration of morphine in urine samples but due to high detection limit 
they will show less sensitivity than others [36]. A ZnO/CNT nanocomposite modified 
carbon paste electrode showed linear range for morphine determination from 0.1 to 
700 μmol/L and the detection limit was calculated as 0.06 μmol/L [37].

A simple and sensitive voltammetric sensor has been reported for simultane-
ous determination of Morphine (Mp) and Buprenorphine (Bp) [38]. The complete 
method has been described graphically in Figure 6. It involved embedment of rho-
dium nanoparticles in a carbon matrix followed by its carbonization. Then after the 
composite was cast over the surface of GCE for its voltammetric characterization. The 
modified glassy carbon electrode with rhodium nanoparticles-mesoporous carbon 
composite showed high potential for simultaneous determination of Morphine (Mp) 
and Buprenorphine (Bp), with a linear range and limit of detection of 0.1–20 μM and 

Figure 6. 
Cyclic voltammetric determination of morphine (Mp) and buprenorphine (Bp) [38].
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40 nM, respectively for morphine, and these data were obtained about 0.1–14 μM and 
45 nM, respectively, for buprenorphine. This method involved easy and fast prepara-
tion with high efficiency as a sensor [38].

4. Conclusion

Diversity of electrochemical sensors developed for the detection of morphine is 
presented in this chapter. Efforts are being made by researchers to develop a simple, 
sensitive, economical, and accurate electroanalytical method for the determination 
of morphine which can be used for pharmaceutical and clinical applications. One 
of the major challenges is the selection of electrode material that is responsible for 
limit of detection and sensitivity. For designing a potential sensor, molecular-level 
understanding of the correlation between the surface structure and reactivity is very 
important factor which governs the selectivity and sensitivity. Future studies in this 
area should be more focused on understanding interfacial reaction kinetics to design 
novel sensors suitable for use in all practical applications.
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Chapter 16

Integrating the Numerical Pain 
Rating Scale (NPRS) with an Eye 
Tracker: Feasibility and Initial 
Validation
Yoram Braw, Motti Ratmansky and Itay Goor-Aryeh

Abstract

This chapter details the integration of a Numerical Rating Scale (NPRSETI) 
with a portable eye tracker, enabling the assessment of pain in conditions in which 
verbal communication and use of hands are limited (e.g., advanced Amyotrophic 
lateral sclerosis, ALS). After detailing the construction of the NPRSETI, we describe 
its validation in an outpatient pain clinic. More specifically, thirty chronic pain 
patients performed the NPRSETI and filled a conventional NPRS (order was pseudo-
randomized). Eye movements, including gaze direction and additional eye movement 
measures (e.g., saccade rate), were recorded, while participants rated their pain using 
the NPRSETI. The study’s findings indicated no significant differences in pain severity 
ratings of the NPRSETI and conventional NPRS. Notably, ratings using the two scales 
were highly correlated (r = 0.99). NPRSETI’s ratings were also strongly associated with 
participants’ currently experienced pain rating using the Brief Pain Inventory (BPI). 
The findings provide initial proof of concept for integrating conventional pain rating 
scales with an eye tracker and validate the NPRSETI compared with the well-validated 
and commonly used NPRS. Enhanced usability and decreasing costs of eye trackers 
will ease the additional research mandated to validate these preliminary findings and 
hopefully advance their integration into clinical practice.

Keywords: pain, evaluation, numerical pain rating scale, eye movements, validation

1. Introduction

An accurate assessment of pain is the basis for the treatment of pain in a 
 systematic manner [1]. However, pain is a subjective experience that is challenging 
to evaluate in a clinical setting [2, 3]. Unidimensional pain scales were developed as 
a quick and efficient method to assess a vital aspect of the subjective experience of 
pain, its intensity [4]. They are well-established and extensively used in the clinical 
care of wide-ranging patient populations [5–7] and ages [8, 9]. As noted in a recent 
review, they are quick to administer and do not encroach on the time required for usual 
care [7]. Unidimensional pain scales, however, have several limitations. In addition to 
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requiring intact comprehension, they necessitate a graphomotor response or speech 
production for the patient to input their response. While some physical limitations 
may be overcome (e.g., using nurse-administered pain scales [10]), others present 
a more formidable challenge. For example, pain was not consistently evaluated in 
Amyotrophic Lateral Sclerosis (ALS) studies despite its prevalence [11], partially due 
to using instruments that were not adapted to ALS-related impairment [12]. Other 
conditions, such as mechanically ventilated patients [13], also necessitate adapted 
pain assessment methods.

Eye tracking technology allows us to capture and record an individual’s gaze and 
other key eye movement measures [14]. It was implemented in studying cognitive 
functioning and process in diverse academic fields such as industrial engineering, 
marketing, and psychology [15]. More recently, eye movement analysis was also used 
to enhance clinical practice and effort that coincides with the growing exploration of 
biomarkers in various neuropsychiatric disorders [16, 17]. Eye movements offer two 
advantages for assessing pain. First, eye movement-directed pain scales may allow 
patients to provide pain ratings without a motor activity (i.e., use of the patient’s 
hands) or verbal response. In other words, an eye tracker may be used to input their 
ratings; individuals use their gaze as they would use a computer mouse or other 
means of responding (e.g., marking with a pencil or providing a verbal response). 
Challenging medical patients may particularly benefit from such human-computer 
interactive systems. For example, Ull, Weckwerth [18] assessed the technology’s 
utility for treating mechanically ventilated patients in an intensive care unit (ICU). 
These patients were able to learn eye movement-directed responding to indicate 
their basic needs, respond to rating scales, as well as respond to quality of life and 
self-esteem questionnaires [18]. Similarly, eye tracking was used to control household 
electric appliances by ALS patients [19]. Second, eye movements indicate what the 
examinee is paying attention to while engaging with a task and offering a glimpse into 
both cognitive and processes [20, 21]. The latter are sensitive to aspects of cognitive 
processing (e.g., experienced cognitive load), as well as affective states such as anxiety 
[22]. Eye movement analysis, therefore, offers to advance clinical practice by enhanc-
ing clinicians’ ability to diagnose medical conditions, especially those impacting brain 
functioning. For example, Tomer, Lupu [23] indicated the utility of integrating an 
eye tracker with the Word Memory Test (WMT), a well-established test for assessing 
feigning during cognitive assessments [24]. In addition to enhancing the detection 
of feigning when combined with conventional accuracy measures, Tomer, Lupu 
[23] suggested a three-stage cognitive process involved in feigning cognitive impair-
ment. Similarly, we integrated an eye tracker with the MOXO-dCPT, an established 
continuous performance test (CPT) and found support for the utility of combining 
conventional and eye movement measures to enhance the diagnosis of ADHD and 
detection of feigned ADHD-associated cognitive impairment [25–27]. Overall, eye 
trackers-integrated medical appliances and similar novel technologies offer to provide 
objective psychophysiological data that may aid clinical practice, a prospect we hoped 
to capitalize on in the current project [28–30].

The current research project aimed to assess the utility and validity of an eye 
tracker-integrated Numerical Pain Rating Scale (NPRSETI). The conventional NPRS 
utilizes a paper-and-pencil format with numerals that reflect a range of pain intensi-
ties. As thoroughly reviewed earlier, it is one of the most commonly used unidi-
mensional pain intensity scales in clinical settings, a fact that is related to its ease of 
administration and scoring [2, 4]. It also has higher compliance rates—particularly 
among older adults—than the Verbal Analog Scale (VAS), a unidimensional pain 
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scale in which patients mark their experienced pain on a straight line with anchors at 
each edge. Its measurement properties are robust and well established across mul-
tiple patient populations, and it has slightly superior measurement properties—i.e., 
reliability, validity, and responsiveness—compared to other scales. Key figures in the 
field and relevant guidelines (e.g., Initiative on Methods, Measurement, and Pain 
Assessment in Clinical Trials; IMMPACT) recommended its use [2, 4]. Importantly, 
NPRS allows the patient to verbally report their pain rating without using their hands, 
making it amendable for integration with an eye tracker. These advantages led us to 
choose the NPRS for integration with an eye tracker.

The following sections will detail the construction of the NPRSETI and its initial 
validation in an outpatient pain clinic. We compared patients’ ratings using the 
NPRSETI to those using a conventional paper-and-pencil NPRS. Ratings using the 
NPRSETI were also compared to an NPRS embedded in the Brief Pain Inventory (BPI), 
correlated with key demographic and clinical variables, and qualitatively analyzed 
using a relative gaze duration heatmap and general eye movement measures (i.e., 
saccade rate and pupil size).

2. Methods

2.1 Participants

Participants were recruited from the outpatient pain unit of Tel-Hashomer 
Rehabilitation Hospital (N = 30). Inclusion criteria were: (a) Adult age (18 to 65). (b) 
Pain persisting > 3 months, based on the definition by the International Association 
for the Study of Pain (IASP; [31]). (c) Normal or corrected vision (candidates with 
a severe visual impairment such as nystagmus and hemianopsia were excluded). 
Exclusion criteria were: (a) Significant developmental, neuro-psychiatric disorders, 
or other medical conditions deemed to impair cognitive functioning and thereby 
impact their ability to provide pain ratings or comply with the experimental proce-
dures (e.g., major neurocognitive disorder), according to the treating physician or 
electronic medical records. (b) Drug or alcohol dependence. (c) Poor comprehension 
of Hebrew.

The study was approved by the Tel-Hashomer Rehabilitation Hospital’s 
Institutional Review Board (IRB) committee, with all participants signing a written 
informed consent form before participating in the study.

2.2 Tools

2.2.1 Construction of the numerical rating scale eye tracker-integrated (NPRSETI)

The NPRSETI was constructed to maintain the critical characteristics of the 
 conventional NPRS corresponded to those NPRS versions presented in the literature 
(e.g., [32]) with pain ratings that ranged from 0 (“no pain at all”) and 10 (“unbear-
able pain”). The first version of the NPRSETI included five stages: (a) A welcome 
screen requesting participant code and date of birth to minimize later errors in partic-
ipant identification. (b) A screen presenting the NPRSETI and the method of respond-
ing to it (i.e., gazing at the number corresponding to the pain rating will select the 
rating). This screen also included an illustration of the NPRSETI so participants could 
conceptualize the scale and raise any questions regarding its use. (c) A blank screen 
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with a black circle appearing in its center was presented. The circle followed the gaze 
of the participant, and the participant was instructed to experiment with moving 
it around the screen using their gaze. Verbal instruction was: “The marker, a black 
circle, indicates where you are gazing on the screen. The pain scale we presented 
before will soon appear again. When it appears, gaze for a few seconds at the number 
that best fits the pain you are currently experiencing.” (d) Once the participant felt 
confident using the gaze-directed marker and understood the NPRSETI instructions, 
a blank screen with a fixation cross at its center appeared. The participant was then 
instructed to gaze at the fixation point. (e) The actual NPRSETI appeared at the center 
of the screen, with instructions for its use appearing in its upper section. The partici-
pant then provided their response by fixating for 250 ms on a number corresponding 
to their currently experienced pain intensity. The color of the box surrounding the 
selected rating then changed to red, indicating response selection. Next, the question 
“Are you confident with this choice?” and two response boxes (“Yes, I’m sure” and 
“No, I want to change my response”) appeared at the bottom of the screen. If the par-
ticipant was satisfied with their choice, a thank you screen appeared (i.e., “Thank you 
for participating in this study”). Otherwise, the pain rating procedure was repeated 
until the participant approved of their response. This initial NPRSETI version was 
tested on six healthy participants leading us to modify the NPRSETI since the program 
combined the eye movement data of the separate trials when participants altered their 
response (e.g., the NPRSETI was performed twice). Five other healthy participants 
were assessed using this newer NPRSETI version. This pretest indicated that partici-
pants tended to erroneously select a pain rating, usually “5” because the fixation point 
was located in the center of the screen (i.e., the location in which the NPRSETI later 
presents the “5” pain rating). We, therefore, constructed a third and final NPRSETI 
version in which the minimal fixation duration required for responding was set to 
500 ms, thereby eliminating further errors in pain rating selection. See Figure 1 for a 
diagram portraying the pain measurement process by NPRSETI.

2.2.2 Eye-tracking apparatus and eye movement measures

Binocular eye movements were recorded at a sampling rate of 250 Hz using the 
Portable Duo eye-tracking system (SR Research Ltd., Mississauga, Canada). The 
eye-tracking apparatus has an accuracy of approximately 0.5° and includes a host PC 
and display PC; the first tracks and computes participants’ gaze position, and the 
latter displays the stimuli (i.e., the NPRSETI). Eye movements were analyzed using 
SR research event detection algorithm, widely used in academic research [33, 34] 
and by our research team in earlier studies [23, 25–27]. Stimuli were presented on an 
Alienware OptX AW2310, 23″ display screen (1920 x 1080 resolution) with a 120 Hz 
refresh rate. Eye-to-screen viewing distance was approximately 65 cm with the 
participants’ eyes recorded in remote monocular mode using a designated sticker. 
Figure 2 presents the experimental setup.

The participants’ field of view (FoV) was divided into three areas of interest 
(AOIs) to assess the extent that their visual attention was directed toward the pain 
scale and other relevant stimuli (i.e., instructions for rating pain and anchors) vs. 
task-irrelevant regions: (a) NPRSETI AOI: The AOI included the screen region in which 
the pain scale appeared. It was located at the center of the screen (length = 1540 
pixels). Each of its squares was 140*140 pixels. (b) Anchors AOI: The AOI includes 
two regions in which the anchors of the pain scale were located (“no pain at all” 
and “unbearable pain”). (c) Instructions AOI: The region in which the NPRSETI 
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instructions were presented. See Figure 3 for the NPRSETI’s AOIs. Based on these 
AOIs, NPRSETI dwell time (%), anchors dwell time (%), and instructions dwell time 
(%) were calculated. These measures reflected the percent time spent gazing at each 

Figure 1. 
NPRSETI design. Notes: Eye tracker-integrated Numerical Pain Rating Scale = NPRSETI.

Figure 2. 
The experimental setting. Notes: The actual experiment was performed with the computer located behind the 
participant and out of their field of view. The photographed person was part of the research team and not an 
actual participant in the experiment. Eye tracker-integrated Numerical Pain Rating Scale = NPRSETI.
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AOI out of the total task duration (i.e., time from the appearance of the scale to the 
selection of pain rating using the participant’s gaze). Two additional general eye 
movement measures were calculated: (b) Saccade rate (no.): The number of saccades 
that participants performed per second while providing the pain rating. Saccades are 
ballistic motions during which the eyes rapidly move between fixations, periods in 
which information is being processed, and the eyes remain fairly still [15]. (c) Pupil 
size (no.): Average number of camera pixels occluded by the pupil while the partici-
pant provided the pain rating.

Paper-and-pencil Numerical Pain Rating Scale (NPRS): The NPRS 
(length = 10 cm) was presented on an A4 paper. It was identical to the NPRSETI (e.g., 
pain scale length, instructions) except for the use of a paper-and-pencil format. 
Participants marked using a pen their currently experienced pain on a scale ranging 
from 0 (“no pain at all”) and 10 (“unbearable pain”).

Self-report questionnaires: The following self-report questionnaires were used: (a) 
Brief Pain Inventory (BPI): A commonly used questionnaire that assesses the severity 
of pain and its impact on daily functioning [35, 36]. It includes a screening question, 
inquiring about the presence of pain and a body chart that is used to indicate locations 
of experienced pain. The next six items are NPRS scales that are scored from 0 to 
10, with higher scores indicating worse pain or more substantial functional impact. 
The BPI also includes an item rating the pain relief that the patient experienced by 
medications or other treatments. (b) Patient Health Questionnaire (PHQ-9): A nine-
item self-report questionnaire of depressive symptoms [37, 38]. Each response range 
was from 0 (“not at all”) to 3 (“nearly every day”). (c) General Anxiety Disorder-7 
(GAD-7): A seven-item questionnaire of anxiety [39]. Responses range was 0 (“not at 
all”) to 3 (“nearly every day”), with the participants rating their anxiety levels during 
2 weeks preceding the study. (d) Debriefing survey: A survey assessing participants’ 
motivation to undergo the experiment. It used a 1–7 Likert scale, with higher scores 
indicating stronger motivation.

Wechsler Adult Intelligence Scale-III (WAIS-III) digit span task: A short task 
derived from the WAIS-III which assesses attention and other cognitive functions 
such as working memory and executive functions [40]. As part of the task, the 

Figure 3. 
AOIs of the NPRSETI. Notes: Blue regions delineate AOI in the participants’ FoV as described in the Methods 
section (dark shade = NPRSETI AOI, medium intensity shade = instructions AOI, light shade = anchors AOI,) 
areas of interest = AOI; Eye-integrated Numerical Pain Rating Scale = NPRSETI; field of view = FoV.
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participant repeats increasingly longer strings of numbers that are read aloud by the 
examiner, in forward and reverse order. This continues until two consecutive strings 
of the same length are missed, or the longest sequences are successfully repeated.

2.3 Procedure

All participants were given a general description of the study and signed a written 
informed consent form. They then filled out a demographic-medical questionnaire, 
the BPI, PHQ-9, and GAD-7. Next, they reported their currently experienced pain 
using the NPRSETI and pencil-and-paper NPRS and with their order pseudo-random-
ized. The participant underwent a nine-point calibration procedure before perform-
ing the NPRSETI (five-point calibration was performed when encountering difficulties 
calibrating the participant). Participants then completed the WAIS-III digit-span task 
and filled out the debriefing survey. As in earlier studies (e.g., [41]), the participants 
were not permitted to compare their second ratings with those of the first one as this 
may influence patients’ ratings.

3. Results

The participation of five participants was discontinued due to either inability to 
calibrate the eye tracker (n = 3) or complaints regarding pain and discomfort (n = 2). 
The final sample included 25 participants, seven of which had learning disabilities or 
suspected they had such a disability, three were previously diagnosed with attention-
deficit/hyperactivity disorder (ADHD), and one participant had a CNS neuropathol-
ogy that did not impact neuropsychological functioning. Besides comorbid affective 
depression and anxiety, psychiatric comorbidity included personality disorder (n = 1) 
and adjustment disorder (n = 1). Nineteen (76%) patients rated their current pain in 
the BPI (6th item) as of at least moderate severity using a ≥ 4 cut-off that was chosen 
in accordance with earlier studies [32, 42]. All participants reported adequate motiva-
tion to follow the experimental procedures, scoring ≥4 on a 7-point Likert scale in 
which higher scores indicated stronger motivation (as used in [43]). See Table 1 for 
demographic and clinical data.

A comparison of the first and second pain assessments, regardless of the utilized 
method, revealed that four participants rated their pain one point lower in the second 
assessment compared to the first. Intra Class Correlation, ICC, calculated according 
to procedures described by Shrout and Fleiss [44], was 0.99 (95% CI: 0.98–0.99). This 
indicates excellent agreement based on the interpretative categorization of Koo and 
Li [45]. Next, we evaluated the match between the NPRSETI and paper-and-pencil 
NPRS, with two participants rating their pain as more severe in the former than the 
latter and two participants showing an opposite pattern (i.e., rated their pain as lower 
in the NPRSETI). In all cases, the deviations in absolute numbers were one NPRS 
point. In other words, the scores of 16% of the sample deviated by one point between 
the two NPRS methods without a trend to these deviations. The match between the 
NPRSETI and paper-and-pencil NPRS was additionally assessed using the following 
methods: (a) Group comparisons: Assumptions for parametric analyses for the pain 
ratings in each measurement (NPRSETI, NPRS, and BPI 6th item) were checked using 
Shapiro-Wilk test. This analysis revealed the pain ratings distributions deviated from 
the normal distribution (ps < 0.05) for the NPRSETI (W = 0.91), NPRS (W = 0.91), 
and BPI 6th item (W = 0.91). Correspondingly, skewness and kurtosis indicated that 
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the distributions of NPRS, NPRSETI, and BPI 6th item were asymmetrical (S = −0.84, 
K = 0.37; S = −0.94, K = .43; S = −0.68, K = −0.41; respectively). These findings were 
expected considering the participants’ high pain ratings, as reported earlier. We, 
therefore, performed a Wilcoxon signed-rank test which indicated no significant 
difference in the reported pain severity using NPRSETI (Mdn = 7) and paper-and-
pencil NPRS (Mdn = 7), T = 5, p = 1. (b) Correlation between NPRS methods: There 
was a very strong correlation [46] between the NPRSETI and paper-and-pencil 
NPRS (ICC = 0.99, 95% CI: 0.98–0.99). Pain severity as evaluated using the NPRSETI 
was also strongly correlated with participants’ pain rating using the BPI (6th item; 
ICC = 0.93, 95% CI: 0.84–0.97). The correlation matrix can be found in Table 2.

Bland-Altman analysis is an efficient approach for quantifying the limits of agree-
ment between two measurements [47]. However, it could not be used in this study 
as the differences between the two NPRS scales were not normally distributed [48]. 
More specifically, assumptions for parametric analyses for the differences between 
the two measurements (NPRSETI minus paper-and-pencil NPRS chosen pain ratings) 
were checked using the Shapiro-Wilk test (W = 0.57, p < 0.001) and histogram and 

Variable Participants (n = 25)

Parametric data Mean (SD)

Age (years) 46.92 (11.12)

Education (years) 12.92 (2.13)

Motivation level (1–7) 6.68 (0.80)

PHQ total score (no.) 15.0 (7.29)

GAD score (no.) 10.12 (6.92)

WAIS-III digit span (SS) 8 (2.36)

NPRSETI pain rating (0–10) 6.4 (2.62)

BPI- 6th item pain rating (0–10) 5.88 (3.07)

Paper-and-pencil NPRS pain rating (0–10) 6.4 (2.66)

Relative Dwell Time (%) NPRSETI AOI 81.83 (29.04)

Instructions AOI 7.15 (19.29)

Anchors AOI 2.19 (6.15)

Saccade rate (no. per sec.) 1.77 (0.99)

Pupil size (no.) 393.42 (92.97)

Nonparametric data Number of cases

Gender (female / male) 10 / 15

Marital status (married / other) 19 / 6

Birth country (Israel / other) 22 / 3

Medical Cannabis license (yes / no) 11 / 14

Methamphetamine medication (yes / no) 2 / 23

Notes: Area of interest = AOI; Brief Pain Inventory = BPI; Eye tracker-integrated Numerical Pain Rating Scale = NPRSETI; 
General Anxiety Disorder Questionnaire 7-item = GAD-7; Patient Health Questionnaire-9 = PHQ-9, Scaled Score = SS.

Table 1. 
Demographic and clinical data.
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quantile-quantile (Q-Q ) plots. These indicated deviations from the normal distribu-
tion, an expected finding considering that the differences between the NPRSETI 
and paper-and-pencil NPRS data were expected to be minimal (based on [49]). 
Correspondingly, kurtosis revealed a heavy-tailed distribution that deviated from the 
customarily used +1.96 and − 1.96 z-score range, though skewness did not indicate a 
deviation from a symmetrical distribution (K = 4.29, S = 0).

Additional analysis and general remarks: While most participants noted that 
NPRSETI gaze-directed response that was chosen corresponded to their intended 
rating (n = 17), six participants requested to alter their response, while two additional 
participants revised their selected response twice. Figure 4 presents a relative gaze 
duration heat map that visualizes the proportion of accumulated gaze duration at 
each AOI. Analyses were performed using IBM SPSS Statistics version 29.

4. Discussion

Earlier studies by our research team indicated the feasibility and utility of 
 integrating an eye tracker with commonly used neuropsychological tests [23, 25–27]. 
These studies, as well as additional efforts in recent years by other researchers [50, 
51], highlighted the potential of this novel technology to enhance daily clinical 
practice and was the impetus for the current project. We, therefore, set to integrate an 
eye tracker (i.e., Portable Duo eye-tracker by SR Research Ltd.) with an NPRS. This 
self-report pain intensity scale is well-established and commonly used in pain clinics 
[2, 4, 32]. The eye tracker-integrated scale, NPRSETI, is unique as it allows the patient 
to provide pain ratings without manual manipulation (i.e., use of hands). It thus 
paves the way for incorporating eye tracker-integrated pain scales in clinical settings 
(e.g., when evaluating ALS patients with severe physical limitations). The integrated 
system then underwent an initial validation study in a pain outpatient clinic in which 
participants filled both the NPRSETI and conventional paper-and-pencil NPRS in a 
pseudo-randomized order (N = 25).

The study’s findings provide initial validation for the use of the NPRSETI. Overall, 
excellent agreement was evident between pain ratings made using the NPRSETI and 

Figure 4. 
Relative gaze duration heatmap; visualizing the proportion of accumulated gaze durations relative to the total 
duration for rating pain using the NPRSETI (i.e., time until providing the pain rating).
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the gold standard selected for this study, the conventional paper-and-pencil NPRS 
(ICC = 0.99). A closer inspection reveals that 21 of the participants (84%) rated their 
pain identically using NPRSETI and the paper-and-pencil NPRS. The scoring of four 
participants deviated by one point between the two scales. Significantly, these devia-
tions were not related to the type of scale that was used; two participants rated their 
pain as weaker, while two others rated it as stronger when using the NPRSETI. A closer 
inspection of the data revealed that in all cases, the second pain assessment’s rating 
was lower than the first (i.e., two participants were first evaluated using the NPRSETI, 
and two others were first evaluated using the paper-and-pencil NPRS). Order rather 
than method, therefore, seemed to have impacted the pain ratings, with a minority of 
participants decreasing their pain ratings when undergoing temporally close consecu-
tive pain assessments. Though the small number of participants that showed this 
trend limits speculations regarding its source, a similar decrease was found in other 
studies in which ratings of pain were performed with a short time interval between 
them. For example, a similar decline was evident in Bergh, Sjostrom [41] when geri-
atric patients rated their pain twice (5-minute interval) using the VAS and Graphic 
Rating Scale (GRS), though not when filling the NRS. As patients’ experience of 
pain likely does change during such short periods [41], any change likely stems from 
other factors. More specifically, pain is a multidimensional subjective phenomenon 
[52] that is influenced by environmental factors. These include boredom and loneli-
ness, which patients may experience and consequently view experiments and being 
attended by the research team as a pleasant experience [41]. This may consequently 
translate to a decrease in pain ratings, speculation that necessitates further research. 
Next, we evaluated the match between the NPRSETI and paper-and-pencil NPRS by 
both group comparisons and by correlating pain scores obtained using the two NPRS 
types. The first method revealed that that NPRSETI did not significantly differ from 
that of the paper-and-pencil NPRS, while the correlation matrix indicated a very 
strong correlation between the two methods (ICC = 0.99). Similarly, pain severity 
as rated using the NPRSETI was strongly correlated with those made using the BPI 
(6th item; r ICC = 0.93). Overall, pain ratings using the NPRSETI and conventional 
unidimensional scales using the NPRS format were almost identical with deviations 
likely stemming for momentary changes in experienced pain or other factors (e.g., 
fluctuating anxiety levels). This corresponds to recent studies, which found similar 
equivalence between conventional unidimensional pain rating scales and their digital 
equivalents. For example, Escalona-Marfil, Coda [49] electronic VAS was operated 
using a tablet and found it to be both highly reliable and interchangeable with the 
paper-and-pencil VAS (for additional examples, see [53, 54]). Overall, we can con-
clude that the NPRSETI’s reliability is adequate.

We also performed an initial inspection of eye movement patterns rating their 
pain using the NPRSETI. First, we produced a relative gaze duration heatmap. 
Heatmaps visualize the proportion of accumulated fixations—periods in which the 
eye is relatively still and information is extracted from the scene—at each AOI [55]. 
Heatmaps, therefore, allow easy visualization of the information that the participant 
pays attention to. The heatmap reflecting participants’ eye movements while rating 
their pain using the NPRSETI indicated most fixations were made on the pain scale 
itself and were concentrated on pain ratings ranging from 5 to 7. Participants’ gaze 
was also directed toward the rightward anchor (“unbearable pain”) and keywords in 
the instructions that were presented above the scale (i.e., “mark”, “pain severity”, and 
“gaze”). In other words, participants mostly gazed at pain ratings that corresponded 
to the pain ratings their later chose (i.e., Median pain rating was 7) and to critical 
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elements in the instructions. Regarding the latter, visual attention tends to be main-
tained on pain cues that signal potential personal discomfort [56]. It would therefore 
be of interest to assess in future studies whether patients tended to gaze more at 
verbal stimuli due to their content (e.g., “unbearable pain,” which constitutes the 
rightward anchor) and whether this correlates with their pain ratings. In addition to 
analyzing spatial attention based on gaze direction, we analyzed general eye move-
ment measures, saccade rate, and pupil size (see correlation matrix in Table 2). The 
first provides an estimate of periods in which information is being processed [15], 
while the latter is impacted by various relevant factors; the pupil dilates in response 
to painful stimuli as well as the effort exerted in a task and other cognitive processes 
[57]. Both saccade rate and pupil size were not significantly correlated with pain 
ratings using the unidimensional pain scales used in the study, including the NPRSETI 
(see Table 2). However, the variability of the pain ratings and the relatively small 
sample size of this study may have masked associations of interest. Further research is 
therefore called for.

Several limitations of this study can be mentioned, notably its modest sample size. 
Repeated measurements using the NPRSETI ‘s and paper-and-pencil NPRS would have 
enabled the evaluation of both intermethod and intramethod reliabilities, as research 
design which would have been preferable in hindsight (as performed by [49, 54]). The 
median pain ratings (Mdn = 7) of the patients in this study may also be in the higher 
range of patients treated at an outpatient clinic based on our impression of earlier 
studies (e.g., [5]). This stresses the need to further validate the NPRSETI using larger 
samples. This will enable comparisons of different pain etiologies (e.g., neuropathic 
vs. musculoskeletal) and thereby clarify the generalizability of the findings, as well 
as evaluating the contribution of factors such as pain medications and sleep quality 
[58, 59] on NPRSETI pain ratings. More strongly powered studies will also allow as 
well a more thorough assessment of the clinical utility, reliability, and validity of 
the NPRSETI [1, 60]. Assessing NPRSETI’s usability is also of utmost importance. The 
comfort and usability of medical devices, with their increasing human-machine 
interface, have been a focus of increasing research attention [30, 61]. This is especially 
important as eye tracker-integrated pain scales necessitate calibration and additional 
components (e.g., gaze-directed pain rating may be incorporated in the scale) and 
are, therefore, more cognitively demanding than conventional unidimensional pain 
scales. It is also more challenging for those with visual impairment, which may not be 
assessed reliably. As part of this study, the participation of three participants was dis-
continued due to the inability to calibrate the eye tracker. Eight participants requested 
to alter their response at least once, suggesting that that gaze-directed pain rating may 
not have been user-friendly. This is disconcerting as these factors already limit the 
usability of conventional scales. For example, visual and hearing impairment, as well 
as physical restrictions, led to an inability of about a third of orthopedic post-surgery 
patients to undergo the VAS [62]. Eye-tracking technology has considerably advanced 
in recent years with increasingly affordable, precise, and faster eye trackers [63]. 
Hopefully, this will offset any usability issues that may plague eye trackers such as the 
one used in this study.

Beyond the earlier mentioned suggestions, several lines of research may be 
proposed based on the findings of the current study. First, comparisons with other 
pain scales is of importance, including digital versions that are similar in design to 
the NPRSETI (e.g., [64]), and validated pain scales that use a different format (McGill 
Pain Questionnaire, MPQ; [65]), and more uniquely designed paper-and-pencil 
scales (e.g., [66]). Second, eye movement analysis can explore cognitive and affective 
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factors associated with rating pain using unidimensional pain scales. Eye movements 
are sensitive to the effects of cognitive load [67–69], with gaze aversion interpreted 
in an earlier study performed in our laboratory as an attempt to lessen the cognitive 
load stemming for attempting to simulate cognitive impairment [23]. Simulators in 
this study also tended to gaze significantly more at the instructions of the task, which 
were speculated to serve as “attentional hooks” due to the automatic processing of 
language and its ability to involuntary draw attention (for a more thorough discus-
sion, see [23]). This is somewhat reminiscent of the pattern evident in this study, 
with participants gazing toward the marking on the scale’s right anchor (“unbear-
able pain”) and keywords in the instructions, as noted earlier. Eye movements may 
therefore be used to explore the association between experienced pain, cognitive 
load, and likely other cognitive processes involved in rating pain. Eye movements are 
also impacted by anxiety and other negative affective states [70, 71], as well as stress 
levels (e.g., stress leads to shorter fixation durations [33]). Regarding the latter, pain 
is associated with the activation of a stress response—at least in its acute stages—and 
involves those related to heart rate, respiration, sweating, and muscle tension [1]. 
Overall, analysis of eye movements constitutes a window through which researchers 
can explore this various pain-related cognitive and affective factors. Eye movements 
are only under partial volitional control and were there studies as measures of decep-
tion and malingering [23, 26, 72]. Studying participants attempting to feign pain 
is scales such as the NPRSETI is therefore also of value, and the interested reader is 
encouraged to further read about relevant research designs [73]. Finally, researchers 
are encouraged to integrate other unidimensional pain scales with eye trackers. For 
example, it was noted in a recent review of adult postoperative patients [7] that older 
adults and children who have less abstract thinking ability might prefer a categorical 
scale (e.g., verbal rating scale, VRS), which are easier use for them. This may prove 
useful as recent research tentatively suggests that the NPRS may have lowered utility 
in populations of individuals from developing countries with low literacy rates [2]. 
We hope that researchers can draw ideas from the above-mentioned suggestions, 
devising comprehensive research plans which may promote the integration of the 
NPRSETI or similar eye tracker-integrated pain scales in clinical practice. Recent 
publications may be useful in devising a comprehensive research plan [15, 74–76].

5. Conclusions

Technological advancements in recent years have enabled clinicians to incorporate 
increasingly affordable and progressively convenient psychophysiological biomark-
ers, as also evident in pain research (e.g., [77, 78]). Eye movement analysis provides a 
window to cognitive and affective processes [75, 76], and as with other biomarkers, 
there are initial explorations of their utility for evaluating pain (e.g., [79–81]). This 
study is part of these recent efforts, indicating that the integration of an eye-tracker 
integrated unidimensional pain rating scale, the NPRSETI, in a hospital-based pain 
clinic is both feasible and can be used with a relatively diverse adult chronic pain 
patient population. The study’s findings also provide initial validation of the NPRSETI. 
More specifically, participants’ pain ratings were very similar to those performed by 
the conventional NPRS, with no bias in pain ratings associated with the NPRS method 
that was used. The participants’ gaze indicated that their visual attention was directed 
toward the relevant range of pain ratings in the scale, as well as the NPRSETI’s anchors 
and keywords in its instructions. These findings should, however, be considered as 
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preliminary and await further validation using larger samples. These studies can 
further assess the validity, reliability, and additional key attributes that are mandated 
from pain scales [1, 60]. Analysis of eye movement also opens a myriad of other 
research opportunities, ranging from assessing its usability to the exploration of 
feigning based on the fact that eye movements are under lessened volitional control. 
The former is particularly important considering the possible deleterious impact 
of visual and cognitive impairment on utilizing a more complex device such as the 
NPRSETI. The reduced costs of eye trackers and enhanced usability evident in recent 
years [21] will hopefully encourage such research. Pending further validation, the 
NPRS NPRSETI may find a place among the more established pain assessment tools. 
The path toward this goal, however, will necessitate a concerted effort by researchers 
and clinicians.
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Chapter 17

Combining Modern Pharmacology 
with Integrative Medicine: 
A Biopsychosocial Model for 
Comprehensive Pain Care
Agnes Mazic De Sonis

Abstract

The medical community recognized last decennia the multidimensional nature of 
pain and proposed multimodal biopsychosocial management. The most compelling 
reason to embrace integrative pain strategies is to mitigate patient risk. For patients 
with chronic pain and pain refractory to conservative medicine, it is essential to assess 
all factors involved with the chronicity. With significant themes, nutrition and micro-
biome, neuroplasticity, homeostasis, and the side effects of medication, acupuncture 
has progressively gained a place in this multimodal evaluation. Therapeutic multimo-
dality approaches the perspective of physiological rehabilitation and chronobiological 
improvement of the quality of life. Illustrated by various clinical situations, the objec-
tive of management is to seek a synergy in the mechanisms of action of treatments to 
improve quality of life and reduce the need for xenobiotics and, consequently, the side 
effects. The mechanism of action of integrative medicine, and acupuncture improved 
with a better understanding of genetics, and epigenetics. As opposed to sham and pla-
cebo, acupuncture activates other brain regions. In controlled trials, the strict inclu-
sion and exclusion criteria result in the treatment of a “selected” patient population, 
which is not always comparable to the patients seen in daily practice. The integrative 
approach is better illustrated by case reports.

Keywords: acupuncture, nutrition, microbiome, p4medicine, personalized medicine, 
integrative

1. Introduction

Even for modern medicine, chronic pain remains a complex, multi-faceted 
problem of nociception, inflammation, and abnormal physiology in the nervous 
system. Thanks to the knowledge of epigenetics, it becomes clear that environmental 
factors such as nutrition and chronobiology can modify the parameters involved in 
all sensitization mechanisms in chronic pain diseases. The deranged sensitization 
mechanisms suggest restoring the hypersensitive structures to their normal status 
besides the analgesic treatment.
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While more research is needed to understand the progression from acute to chronic 
pain, the limited pain management strategies have not addressed the scope of pain.

Increased costs and lack of evidence of efficacy are not, according to the physi-
cians (ACP) Clinical Practice Guideline, evidence-informed, comprehensive pain 
care while conceding that past strategies generally, and the use of opioid medications 
specifically, have not remedied but rather exacerbated chronic pain, abuse, addiction, 
illness behavior, and disability [1].

Awareness of serious adverse effects of medications is growing, including the 
escalating rates of accidental overdoses of prescription opioids and the development 
of opioid tolerance and hyperalgesia [2].

IASP 2023 global defines integrative pain care as temporally coordinated, 
mechanism-guided, individualized, and evidence-based integration of multiple 
pain treatment interventions. Considering the ever-growing burden of chronic pain, 
current pain management models frequently do not address the clinical problem. 
The complexity of chronic pain justifies a bio-psycho-social framework, integrating 
different management and treatment approaches is preferred.

2. Pain chronobiology and epigenetic regulation

A total of 30% genetic and 70% epigenetic factors, such as nutrition and intestinal 
flora, social, psychological, and affective define the status of an individual [3]. The 
sensibility for pain is affected by 20 genes. These are also responsible for the variation 
in reaction to pharmacologic treatment (see Figure 1) [5].

The ignition or blocking of specific genes is epigenetically regulated. It is also 
sensitive to environmental factors [5].

Intra and extracellular homeostasis regulates the peripheral sensitization of the 
primary nociceptors. Inflammation activates the bidirectional signaling that it modu-
lates. Even though there is no immunological response, certain bacterial infections 
could be accompanied by a hyperalgesic state (see Figure 2) [6].

Pharmacological treatment of chronic pain has dose-dependent side effects, 
including opioid tolerance, addiction, and even death. Chronic pain involves neuro-
plastic changes, and neuroinflammation becomes a key question in central sensitiza-
tion (Figure 3).

Pain induces arousal and triggers other neurobiological stress sequels, thus 
disturbing sleep and enhancing pain sensitivity. Disturbed sleep or pain may induce a 
cycle whereby both components stabilize or augment each other. Therefore, manage-
ment of sleep disturbance may alleviate pain, whereas pain relief may restore sleep 
and enhance long-term pain relief.

Treatment should target the different mechanisms of pain and may require a 
combination of treatment options. Combining therapies, such as acupuncture, with 
traditional pharmacology is still in its infancy.

Acupuncture influences the opioid and cannabinoid system by releasing endoge-
nous receptor ligands. Low-dose naltrexone also acts on both systems and upregulates 
the opioid and cannabinoid receptors.

Dietary choices and drug use (proton pump inhibitors, NSAIDs, steroids, antibiot-
ics, and hormones) can influence inflammation by altering the microbiome and gut 
permeability. The balance of microorganisms can affect the absorption of nutrients, 
drugs, and the function of the immune system leading to low-grade inflammation.
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Figure 1. 
Influences of the epigenetic modulation system. From Ref. [4].

Figure 2. 
Interactions leading to vulnerability for pain.
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One day after morphine treatment, there is a significant shift in the gut microbi-
ome and metabolome. Morphine-induced gut microbial dysbiosis exhibited distinct 
characteristic signatures. Drug-microbiota dynamics could help to identify drug-drug 
interactions and explain inter-individual variation in drug efficacy and adverse 
effects. The gut microbiome can affect all classes of drugs.

The gastrointestinal microbiome plays a significant role in responses to opioids, 
including the development of tolerance.

The neuro-immune interactions induced by morphine have direct intestinal 
functional consequences. Morphine disrupts gut barrier function in a toll-like recep-
tor (TLR)-dependent manner [8]. Low-dose naltrexone (LDN) acts on various gut 
mechanisms.

Analgesic tolerance to opioids induced by the gut-brain interaction suggests that 
peripheral mechanisms from the gut can profoundly affect the central control of 
opioid function. The answer to treatment can be modulated by genetic variations 
and the inter-individual differences in the bacterial flora of the human digestive 
tract. The pharmacokinetics of drug metabolism was redefined by the progress in 

Figure 3. 
Schema of gut-brain interaction from [7].
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understanding the host-microbial interaction and has improved the management of 
drug (ab)users.

Acupuncture influences different molecules and receptors, such as GABA, glu-
tamate, and its other receptors (AMPA, NMDA), serotonin (5HT), and the opioid sys-
tem. The treatment objective is addressing pain and preventing chronicity, focusing 
on drug and non-drug strategies. Therapeutics directed at maintaining microbiome 
homeostasis during opioid use may reduce the associated comorbidities.

2.1 Integrative pain medicine and mitigation of risk

The overlap with conventional care is growing as the scientific basis for these 
therapies expands. Integration across the lifespan to include personal, predictive, 
preventive, and participatory care.

Personalization of treatment usually means targeting a smaller subset of patients 
who share a particular phenotype. The economic or financial viability of stratified 
medicine versus empiric medicine (a medicine prescribed to all patients with a spe-
cific condition) was evaluated by Trusheim and Berndt [9] and Ozdemir et al. [10].

Personalized medicine goals require knowledge of which treatment is best for 
each individual, and promises increased efficiencies for health care systems. Much 
emphasis in developing customized therapies has been on genetic polymorphisms and 
blood biomarkers [10]. The predictive capacity of the data pattern must be defined. 
Determining clinical variables by interview remains the most helpful tool available to 
a treating physician for selecting the best treatment options on a case-by-case basis. 
Several recent studies note the need for new models and frameworks that can consis-
tently provide professionals and consumers with helpful knowledge that physicians 
can meaningfully apply [11].

2.1.1 Acupuncture

Under the premise of selecting acupoints along the meridians and adopting 
 reinforcement and reduction manipulations, acupuncture will bidirectionally regu-
late the clinical symptoms and signs.

The same stimulation parameters applied to the same acupoint or nerve may result 
in opposite regulation (restoring homeostatic balance or normalizing function), the 
so-called “bidirectional regulation”.

The peripheral lesions around the needle trigger physiological reactions and 
initiate a cascade of survival reactions. Via the reflex of the axon due to the increased 
blood flow in the muscle, Calcitonin Gene-Related Peptide (CGRP) and nitrous oxide 
(NO) are released after manual acupuncture and contribute to tissue healing [12, 13].

Acupuncture induces a brain response to the stimulation of sensory nerves, mak-
ing it a physiological therapy. Acupuncture normalizes physiological homeostasis and 
promotes self-healing. The primary nociceptors are complex in the ligand expression 
of neurotransmitters and receptors, enabling autocrine and paracrine interactions.

Primary nociceptors generate bidirectional efferent messages toward the inner-
vated tissues, and can modify (facilitate or inhibit) sensory information even before 
transmission to the central nervous system.

Nociceptors seem to have a mind of their own (see Figures 4 and 5) [13].
Pain control might be influenced by the modulation of different molecules and 

receptors such as GABA, glutamate, and its other receptors (AMPA, NMDA, etc.), 
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the serotonin (5HT) system, the opioid system, norepinephrine (NE), cholinergic 
receptors, etc. Low-frequency electroacupuncture (EA) has a better effect than a high 
frequency (100 Hz).

Bidirectional regulation is a unique phenomenon of acupuncture therapy, seen in 
multiple systemic, cellular, and molecular functional systems. Not all acupoints uncon-
ditionally produce the bidirectional regulatory effect, and the corresponding factors 
remain to be investigated. The body’s homeostatic regulation can achieve bidirectional 
regulation by acupuncture or peripheral stimulation in different functional states. It is 
not a simple physiological response but a complex pathophysiological process [15, 16].

Acupuncture stimulates brain responses in cortical and subcortical regions, 
associated with modulation of the pain sensation and perception, including activation 
in the sensorimotor cortical and deactivation in the limbic-para limbic-neocortical 
network as demonstrated with functional neuroimaging studies [17]. It is postulated 
that the therapeutic response to acupuncture, such as down-regulation of inflamma-
tion and autonomic nervous system-mediated pain relief, is provided by a mechanis-
tic pathway of the autonomic nervous system.

Event-related (er)-fMRI is used to evaluate the brain correlates of acupuncture 
stimulation, it seems to be associated with different autonomic nervous system 
outflow responses to needle stimuli and may result from other sensations elicited by 
stimuli at different bodily locations [18]. In vivo μ-opioid receptor (MOR) binding 
effects of traditional Chinese acupuncture versus sham acupuncture were found in 
chronic pain patients diagnosed with fibromyalgia [17].

Figure 4. 
Hyperalgesia at a cellular level.
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2.1.2 Nutrition and microbiome

In addition to the severity of the underlying condition, interindividual variability 
in chronic pain depends on many factors, including its sociocultural context, patients’ 
genetic backgrounds, psychological factors, and pathophysiology, that can be modu-
lated and monitored by altering nutritional habits [19]. Specific nutritional deficien-
cies can be associated with pain states. A study discovered that patients with pain 
with insufficient vitamin D levels needed twice the dose of opioids for twice as long as 
patients without a deficiency.

Many different types of elimination diets can be useful for patients to try.
Food and nutrition are foundational tools in treating painful and inflammatory 

conditions. Compelling evidence shows the benefits of a healthy diet composed 
mainly of unprocessed, plant-based foods.

Sugars and facts may feed into many anabolic and catabolic pathways, the 
 handling of the body of nutrients depends on strategically positioned metabolic sen-
sors that link the intrinsic nutritional value of a meal with intermediary metabolism.

Assessing the nutritional status is a cornerstone of integrative pain medicine. 
Dietary choices increase or decrease inflammation. Free-radical damage of tissues, 
induced by inflammation, impedes healing mechanisms, and reduces pH to levels 
where normal enzymatic reactions are no longer optimized. Inflammation can 
be reduced by an anti-inflammatory diet, such as the Mediterranean diet—which 
is high in vegetables, fruits, whole grains, fish, and healthy oils but low in meat 
(Figure 6) [21].

Figure 5. 
Interactions at the nerve endings [14].
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2.1.3 The effects of drug therapy on the gut microbiome

The individual diversity of the gut microbiome promotes inter-individual 
 variations with pharmacotherapy, drug-induced toxicity, and efficacy.

The gut microbiome is affected by drug effects and the GI tract environment 
can be altered (e.g., pH and transit time), mucosa integrity, host and bacterial 
 metabolic aqctivity, and the production of microbial metabolites. These changes 
can have secondary effects on the microbiome and cause drug-drug interactions. 
Drugs may also challenge both the integrity and permeability of the intestinal 
mucosa.

2.1.3.1 Drugs and polypharmacy

The combined use of non-steroidal anti-inflammatory drugs (NSAIDs) and 
PPIs differentially influenced the relative abundance of Bacteroides spp. and 
Erysipelotrichaceae spp. Compared to NSAIDs alone, the co-administration of drugs 
may precipitate shifts in the composition of the microbiota to favor the abundance of 
microbial taxa that have a metabolizing capacity for those drugs [22].

2.1.3.2  Effect of diet-induced changes on the gut microbiome and drug 
pharmacokinetics

Drug pharmacokinetics may be modulated by probiotics by changing the 
 composition or metabolic activity of the gut microbiota. Probiotic treatment was 
shown to increase the microbiota-mediated degradation of the antipyretic and 

Figure 6. 
Schema of microbiota regulation [20].
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analgesic paracetamol, which may be mediated by probiotic-induced modulation of 
gut microbial enzyme activity.

Some patients are more at risk for food-drug interaction, such as chronic disease, 
elderly, malnourished, infant, and pregnant women.

Meanwhile, examining and explaining how gut microbiota regulates drug metabo-
lism and toxicity will assist personalized medicine and facilitate strategies for creating 
new drugs with desired functionality.

2.2 Towards circuit-based tVNS: translational approaches

It is important to estimate the independent effects of the disease or drug treatment 
in animal and human studies, as both the CNS-related disease itself and the pharma-
cological treatment of the disease can alter the composition of the microbiota.

This microbiome impacts the properties and function of microglia involved in 
pain sensitization. To maintain homeostasis, the vagal nerve (VN) actively partici-
pates in bidirectional interactions between the gut microbiome and the brain. VN 
electroacupuncture promotes the expression and localization of junction proteins, 
decreasing intestinal permeability and protecting the intestinal epithelial barrier. 
Complex reflexes, such as the autonomic reflex, can be used to explain some thera-
peutic effects of acupuncture.

Administration of pre/probiotics to modify vagal nerve function could be a prom-
ising strategy for treating central nervous system disorders (Figure 7).

In human studies, the vital role of the VN in modulating food intake, energy 
metabolism, and glycemic control has been demonstrated more recently [23–27]. 
Across disciplines the pathophysiology of several disorders is attributed to the VN on 
a behavioral and psychological level; VN stimulation, remarkably non-invasive VN 
stimulation, has been studied, allowing a better understanding of the mechanisms 
by which VN stimulation exerts psychological and physiological effects. A more 
important pathway for acupuncture stimuli is via the autonomic center in the brain 
that works to up or down-regulate the sympathetic or para-sympathetic output. 
Neuroendocrine and neuroimmune pathways are also crucial for maintaining the 
stability of various functional systems in the body, and they can be affected by 
acupuncture stimulation.

2.2.1 Nutraceuticals and others

The purified products derived from plants, animals, microorganisms (e.g., essential 
fatty acids and enzymes), and marine sources (e.g., glucosamine, chitosan, fish oils) 
are called nutraceuticals. They are sold in medicinal forms e.g., tablets, capsules, and 
powders. The bioactive agents the nutraceuticals deliver may also be obtained through 
a healthy diet. They provide, however, the advantages of a formulation that promotes 
the absorption and the physiological effect [19].

2.2.1.1 Curcumin

Hu et al. [28] recently determined that curcumin attenuates opioid-induced 
hyperalgesia by inhibiting Ca2+/calmodulin-dependent protein kinase II α activity 
and found that a nano-formulation of poly(lactic-co-glycolide)-curcumin-curcumin 
may reverse opioid-induced hyperalgesia by inhibiting caMKIIa and downstream 
signaling.
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Curcumin induces mitochondrial biogenesis, and has a direct activity on 
 reactive oxygen species, and induction of NRF2. It regulates the epigenetic patterns 
and has a synergistic activity on drugs used to treat different painful conditions. 
The low bioavailability of curcumin can be improved by bio-optimization tech-
niques, thus increasing the therapeutic and preventive potentials of the natural 
substance [29, 30].

Figure 7. 
The multiple bidirectional communication routes between the brain and the gut microbiota. These routes include 
the vagal nerve, the hypothalamic-pituitary-adrenal axis (HPA), cytokines produced by the immune system, 
tryptophan metabolism, and short-chain fatty acid production. Adopted from [16].
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2.2.1.2 PEA palmitoylethanolamide

Glia may produce their own endogenous “painkillers” and anti-inflammatory 
agents through their own modulators. These modulators decrease the winding-up 
mechanisms in neuropathic pain. Anandamide and its sister molecule PEA are such 
modulators, and induce a “winding down” in chronic and neuropathic pain and 
neuroinflammation. Both molecules are classical autacoids, fulfilling the three criteria 
required for autacoids of lipid transmitters.

PEA is a modulator that reduces pain by decreasing winding-up mechanisms in 
neuropathic pain and neuroinflammation (Figure 8).

2.2.1.3 Low-dose naltrexone

Within a specific dosage window, opioid antagonists such as naltrexone can exert 
a “paradoxical” analgesic effect. Low-dose naltrexone (LDN) produces the modula-
tion of neuro-inflammation, and stimulates the glial cells to release inflammatory 
chemicals in the central nervous system. The dosage producing these effects is low 
compared to the dosage approved for all alcohol and opioid dependency. The pharma-
cological actions enhance the analgesic effects of endogenous opioids and cannabi-
noids. Naltrexone modulates the toll-like receptor 4, NO, and filamin A. LDN is safe, 
with very few side effects, and recent clinical pilot trials in fibromyalgia and multiple 
sclerosis showed pain reduction and quality of life enhancing impact [32]. It also 
improved pain tolerance in cold pressor tests and the ability of post-detoxification 
patients to relate interpersonally with other participants in human relationships 
(Tables 1 and 2).

Figure 8. 
Activation of microglia by toll-like receptor (TLR) agonists and by palmitoylethanolamide (PEA). Adopted 
from [31].
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3. Observational studies to evaluate the effectiveness of healthcare

The fundamentals of neurophysiology learn that the revalidation of the main 
chronobiological rhythm results in regulating sleep, food, and the vicious circle 
involved in pain sensitization.

Although randomized controlled trials are considered the most valuable 
method for proving the efficacy of a treatment. This method cannot be applied to 
every treatment. Black [46] discusses the advantages and disadvantages of strictly 

Synchrome/
model

Type of study 
(number of subjects)

Notable outcomes References

Cholestasis 
pruritis

Case report (1) Reduction of pruritis and 
improved mental status 
despite concurrent opioid 
therapy

Zylics et al. [34]

Osteoarthritis Phase II randomized 
controlled trial (362)

Adding two mcg naltrexone 
to concurrent opioid therapy 
provides more significant 
analgesia.
High dropout rate due to 
opioid side effects.

Chandalore et al. [35]

Low back pain Phase III randomized 
controlled trial (712)

Adding two mcg of 
naltrexone to opioid therapy 
provides a more favorable 
response and reduces side 
effects.
A high dropout rate precluded 
further application.

Webster et al. [36]

Axillary brachial 
plexus blockade

Randomized 
controlled trial (112)

Onset of time for motor and 
sensory blockade was longer 
with additional 100 ng of 
naloxone.
Added naloxone prolongs 
motor blockade and analgesia.

Movafegh et al. [37]

Buprenorphine 
antinociception in 
healthy subjects

Double-blind 
crossover trial (10)

Applying buprenorphine with 
naloxone in 166:1 ratio boost 
tolerance to cold pressor test

Hay et al. [38]

Postoperative 
pain control 
following 
colorectal surgery

Randomized 
controlled trial (72)

Adding 0.25 mcg/kg/h of 
naloxone during surgery 
and postoperative period 
lowered opioid consumption 
shortened length of stay, and 
hastened bowel function 
recovery.

Xiao et al. [39]

Postoperative 
pain control 
following lumbar 
discectomy

Randomized 
controlled trial.
(80)

Adding 0.25 mcg/kg/h of 
naloxone during first 24 h 
postoperative period reduced 
opioid consumption and side 
effects

Firouzian et al. [40]

Table 1. 
Summary of clinical experience with low-dose naloxone/naltrexone. Adopted from [33].
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regulated randomized controlled trials (RCTs). Measuring treatment outcomes of 
one intervention in patients with complex diseases for whom it would be unethical 
to drop most ongoing treatments. The numbers to be included in RCTs for demon-
strating superiority in effect are too small to identify sometimes rare side effects. 
The blinding in RCTs cannot be maintained sufficiently long to assess the long-term 
impact. Building evidence is often a step-wise process, where an effect is noted and 
reported in a case report. These findings can be confirmed in retrospective and pro-
spective studies, and if possible, the effect can be compared to a placebo or another 
treatment in an RCT.

The debate regarding these research design issues within conventional medicine 
has risen in parallel with the growing emphasis on team-based medicine and integra-
tive medical teams for “evidence” of effectiveness and efficacy to meet the standards 
of “evidence-based medicine.”

These standards are predominantly set out for pharmacological treatment, but 
the EBM model does not evaluate all parts of acupuncture efficacy and strategies in 
researching complex interventions.

The «whole system» methodology opens the research on Integrative Medicine 
efficacy with enhanced EBM validation.

Internal and external validity address the usefulness and effectiveness of a treat-
ment. They are complementary and must be addressed separately in different studies. 
The results must be seen together. The hierarchy of evidence is one of the internal 
efficacies, not of evidence in general. Other research methodologies must be used and 
validated.

The results of observational studies help to target treatments and provide infor-
mation for future research. The mechanisms of action could be elucidated by basic 
research, and meta-regression could better explain variability in response. Combining 
the evidence from different sources in a decision-analytical modeling can be used for 
economic evaluations [47].

Disease 
classification

Type of study (number 
of subjects)

Notable outcomes Reference

Primary 
progressive 
multiple sclerosis

Open-label uncontrolled 
phase II (40)

Safe and tolerable (primary 
outcome)
Significantly reduced spasticity

Gironi et al. [41]

Multiple sclerosis Randomized placebo-
controlled trial (60)

Significant benefits for mental 
health per quality-of-life indices

Cree et al. [42]

Relapsing-
remitting and 
secondary 
progressive 
multiple sclerosis

Retrospective cohort 
(215)

Majority reported improvement in 
quality of life and reduced fatigue.
Well-tolerated treatment with 
insomnia and nightmares as adverse 
effects in a minority of cases

Turel et al. [43]

Relapsing-
remitting 
multiple sclerosis

Retrospective cohort (54) LDN, as a single therapy, did not 
result in disease exacerbation.

Ludwig et al. 
[44]

Multiple sclerosis Quasi-experimental 
pharmacoepidemiological 
cohort (341)

Exposure to LDN did not reduce 
the amount of disease-modifying 
therapies used

Raknes and 
Smäkbrekke 
[45]

Table 2. 
Clinical experience on LDN in multiple sclerosis. Adopted from [33].
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4. Conclusions

Pain management is shifting from a model of highly specialized pain care to 
 multimodal evidence-informed options fitted to a patient’s whole experience of pain 
and therapeutic goals. Ideas changed due to the emerging science about the impact 
on pain states by the microbiome, mitochondria, fascia, glia and neuroplasticity, and 
movement disorders. Evidence-informed practice is based on evaluating and dis-
seminating current research, including biological, medical, and behavioral science, 
secondary to pain for future pain treatments.

Emerging epigenetic data show that NPIs are valid approaches in chronic dis-
ease treatments on par with allopathic therapies regarding goals and risks. These 
approaches have proven superior to some conventional treatments because they tend 
not to cause such severe side effects.

It might be interesting to look at the quantitative and qualitative changes resulting 
from single interventions or combining non-pharmacological interventions to further 
test their efficacy and safety, as well as to improvise on existing therapeutic strategies 
to prevent or cure disease and disability.

Illustrated by various clinical situations, the objective of management is to seek 
synergy in the mechanisms of action of treatments to improve quality of life, reduce 
the need for xenobiotics, and consequently the side effects participating in vicious 
circles chronicity.

The current imperative is to determine what works best under what conditions.
Multiple medical problems often face limited treatment options, the increased 

risk of adverse effects, complex drug interactions, and the concurrent use of multiple 
medications.

From our current perspective, the potential benefit of including nutrition in 
personalizing pain medicine is formidable and highly promising. The role of per-
sonalized nutrition and nutraceuticals, by considering how they might be helpful in 
managing chronic pain, as well as their physiological features (such as body mass and 
microbiome) and pathological ones.

The need for a multidisciplinary evaluation and treatment focusing on drug 
metabolism and chronobiology is highlighted. This multimodal approach influences 
pain via synergistic non-drug associations like pharmaco-nutritional, acupuncture, 
neuro-acupuncture, and PEA. Acupuncture in this multidisciplinary model is a 
multimodal pain regulator. The therapeutic and post-effect are augmented by cellular 
physiological rehabilitation.
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Appendix

The philosophy behind the score sheets states that individuals or groups define a 
standard for the quality of their performance. Then, they describe the standard in terms 
of a set of requirements. This set is the score sheet. It allows for peer evaluation and self-
evaluation of an activity. Grading proceeds by determining the fraction of requirements 
fulfilled and is objective and reproducible. The score sheet exists prior to the execution 
of any activity and thus induces iteration until the performance becomes satisfactory. 
Any individual or group can adapt the method to any professional activity by selecting 
the pertinent requirements to fulfill their standard of excellence.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative 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. 
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