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Preface

Postoperative pain (POP) is a health problem that has not yet been resolved. Without
a doubt, multimodal analgesia is the greatest advance in the prevention and compre-
hensive management of patients with POP. Despite this advance, healthcare profes-
sionals require more knowledge to effectively manage POP since its deleterious effects
manifest not only in the immediate post-surgical phase but can also be prolonged

as postoperative chronic pain that is difficult to manage and interferes substantially
with patient quality of life. In addition, poorly treated POP facilitates prolonged stays
and/or hospital readmissions that increase care costs.

Opioids have long been the basis for the management of post-surgical pain. However,
the overprescription of these drugs and their illegal use have led to the current opioid
crisis worldwide, which has caused more than 96,700 deaths in the United States. The
current trend is to reduce the use of opioids in pain management as well as search for

new opioids with fewer side effects.

Topics in Postoperative Pain presents some selected subjects with the goal of improving
the care of surgical patients and reducing both the sequelae of POP and the side effects
of its management.

The editors of this book completed residencies at the same hospital, at very different
times, with teachers and changing programs that have gradually adapted to the aca-
demic and care needs of our alma mater, the Instituto Nacional de Ciencias Médicas

y Nutricién Salvador Zubirdn. As graduates from the Division of Anesthesiology

and Critical Care Medicine, we know about the goals, challenges, successes, and
failures of the founders of our group and we wish to dedicate this book to them: Javier
Ramirez Acosta, Ramon De Lille Fuentes, ]. Antonio Jimenez Borreiro, and Gabriel
Camacho Romero began training specialists in anesthesiology and critical medicine
in 1972.

Thank you very much for your wisdom, your dedication, and above all your valuable
friendship!

Victor M. Whizar-Lugo
Anesthesiologist,

Lotus Med Group,

Institutos Nacionales de Salud,
Tijuana, México
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Chapter1

Introductory Chapter:
Understanding Postoperative Pain

Victor M. Whigar-Lugo, Guillermo Dominguez-Cherit,
Mayrissa Minutti-Palacios and Analucia Dominguez-Franco

1. Introduction

Postoperative pain (POP) is the result of the aggression of the surgical scalpel
and sometimes of some anesthetic procedures. Both factors trigger a number of side
effects including inflammation and nerve injury as a result of different pathophysi-
ological mechanisms. This symptom can be devastating and does not have a useful
biological function, which is why it is mandatory to prevent it, diagnose it, and treat it
with a multimodal approach and thus reduce or avoid its multiple deleterious effects
and, of course, reduce or evade the possibility of chronic postoperative pain (CPOP)
[1, 2]. Despite advances in the comprehensive management of POP, its incidence
could reach 86% of people who undergo surgery and suffer from moderate or severe
POP on the first postoperative day [3]. Fortunately, physicians are now more inter-
ested in the proper management of POP and we have multiple resources to prevent
and treat it more effectively and safely.

There are recognized factors for developing POP, such as age, pain prior to surgery,
general anesthesia, long-term surgery, and some types of surgery, such as mastec-
tomy, cesarean section, amputation, etc. [4].

Proper management of POP includes drugs, anesthesia techniques, enhanced
recovery pathways in surgery and anesthesia, as well as non-pharmacological modali-
ties. At present, multimodal analgesia combines all these management modalities and
it has been shown that the postoperative evolution is better and with a clear decrease
in the consumption of opioids [5], which is essential in this critical period of legal and
illegal use of narcotic drugs.

The crisis of using illegal fentanyl mixed with other narcotics is a factor that
should interest us in relation to a more rational management of opioids in the
perioperative period. Although fentanyl and morphine have a prominent place in
the management of POP, patients taking opioids prior to surgery have been found
to be at high risk of continuing this habit even after they have recovered from their
surgery.

The objective of this introductory chapter to our book on topics in postsurgical
pain is the understanding of POP, its management, and repercussions on the evolu-
tion of patients.
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2. Anatomy and physiology

Surgical tissue trauma leads to nociceptive activation and sensitization. POP is
caused by surgical incision, inflammation, and nerve injury as a result of different
pathophysiological mechanisms. Acute POP is described as nociceptive pain that is
well localized and characterized as sharp, aching, and throbbing, triggered by myelin-
ated A-delta and slow conducting unmyelinated C-fiber nociceptors that are sensi-
tized by an incision [6] and this is better known as nociceptive pain [7]. Nociceptive
input from A-delta and C fibers enters the spinal cord via the dorsal horn and syn-
apses with second-order neurons at A-delta at laminae Il and V, and C and laminae II.
From here, pain signals cross to ascending spinothalamic and spinoreticular pathways
to ultimately reach higher brain centers. The spinothalamic tract is considered the
main pain pathway and originates from the neurons in laminae I and V-VII. This tract
synapses with third-order neurons in the thalamus. The spinoreticular pathway syn-
apses in the brainstem with projections to the thalamus, hypothalamus, and cortex
and this is the pathway that is involved in the emotional and psychological experience
of pain [6].

Inflammatory responses are involved in acute POP. This response is induced by a
surgical tissue injury that originates a cascade of events that result in an expression of
mediators including prostaglandins, interleukins, cytokines, and neurotrophin-like
nerve growth factor (NGF), glial-derived neurotrophic factor (GDNF), neurotrophin-3
(NT-3) and neurotrophin-5 (N'T-5), and brain-derived neurotrophic factor (BDNF)

[7, 8]. These mediators lead to a reduction in the threshold that innervates the injured
tissues and explains peripheral sensitization [8-10]. The prostanoid production at the
site of surgical injury results from the generation of arachidonic acid from membrane
phospholipids by phospholipase A2. Cyclooxygenase-2 (COX-2) converts arachidonic
acid into prostaglandin H, which is converted into specific prostanoid species, such as
prostaglandin E2, by prostaglandin synthases. The prostanoid prostaglandin E2 and NGF
bind to G-protein-coupled prostaglandin E and tyrosine kinase A receptors, respectively,
to modify the sensitivity of the terminal without emitting direct nociceptor activation
[10]. Central sensitization is a form of synaptic plasticity in the neurons from the dorsal
horn of the spinal cord or in the spinal nucleus of the trigeminal nerve. This type of
sensitization describes the phenomenon of amplifying pain signaling and it requires con-
cise but intense nociceptor activity to be initiated, like a surgical incision. The repeated
low-frequency activation of C fibers and the glutamate-activated N-methyl-D-aspartate
(NMDA) receptor are closely involved in this sensitization pathway. The descending
noradrenergic pathways are inhibitory and modulate nociceptive transmission and
spinal sensitization. The rostroventromedial medulla (RVM) and adjacent areas though
the dorsal horn of the spinal cord transmit in a descending way the pathways originated
in the cortex and thalamus. These areas of the brainstem also receive afferent input from
the superficial dorsal horn, periaqueductal gray (PAG), nucleus tractus solitarius (NTS),
and parabrachial nucleus [11]. The descending and inhibitory pathways minimize the
nociceptive transmission via noradrenaline, stimulating alpha 2 (a2)-adrenoceptors and
serotonin [12].

3. Evaluating POP

The assessment of POP is of paramount importance in the comprehensive man-
agement of surgical patients. Pain intensity assessment should be done with a pain

2
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* Visual analog scales (VAS)

¢ Verbal rating scale (VRS)

* Numerical rating scale (NRS)

* Faces pain scale (FPS)

¢ Heft-Parker visual analog scale (HPS)

¢ The Non-Communicating Children’s Pain Checklist-Postoperative Version (NCCPC-PV)

* Face, Legs, Activity, Cry, Consolability (FLACC)

* Wong-Baker faces pain rating scale (WBS)

Table 1.
Scales to measure pain.

scale. POP is most often measured using unidimensional pain scales. While there are
many different pain scales available, the visual analog scale (VAS) is the most com-
monly used scale. This scale involves the use of a metric line marked from 0 to 10 with
verbal descriptions of pain at either end of the scale, with 0 representing “no pain”
and 10 representing “worst possible pain.” Since the original description of VAS [13],
various measurement tools have been described and validated to assess acute and
chronic pain as observed in Table 1 [14-16]. In adults, the VAS, verbal rating scale
(VRS), and numerical rating scale (NRS) are the most used due to their ease and
veracity of the data obtained. When adult patients have some cognitive deficiency, it
is prudent to use other scales such as those used with emoji faces as described by Li
et al. [17] for patients to assess their pain on mobile devices and found that this form
of assessment was reliable and valid compared with traditional pain scales in adult
surgery patients. Analgesic management that delivers a change of 10 for the 100 mm
pain VAS signifies a clinically important improvement or deterioration, and a VAS of
33 or less signifies satisfactory POP control [15].

In pediatrics, it is mandatory to assess pain with special scales designed for differ-
ent ages; neonates, children, or adolescents [18-20]. In children with cognitive defi-
ciency, the nonverbal expressions of pain should be used. The Non-Communicating
Children’s Pain Checklist-Postoperative Version (NCCPC-PV) and the Face, Legs,
Activity, Cry, and Consolability (FLACC) scales have proven to be reliable [21].

4. Preventing acute postoperative pain

As we mentioned, inadequate pain management after surgery increases the risk
of postoperative complications and may predispose for chronic postsurgical pain.
The original idea of preventing pain is attributed to George W. Crile who in 1912
described what he called anoci-nociception; before starting the surgery, he injected
parenteral morphine and local cocaine to block the transmission of painful stimula-
tion [22-24]. Years later, Woolf [25, 26], Dickenson [27], and Wall [28] evidenced that
administration of opioids or local anesthetics before noxious stimulus can prevent
the development of injured-spinal hyperexcitability and pain-related behavior. The
first clinical investigation on preemptive analgesia was published by Tverskoy in 1990
[29]. Since then, the prevention and management of POP has evolved based on these
facts and its solid evolution is founded on advances in pharmacology and the various
techniques of anesthesia, surgical and non-pharmacological approaches, as described

3
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Pre-emptive

incision

Before surgical | During Surgery | After Surgery

Preventdi

e

Figure 1.

Pre-emptive analgesia is accomplished with analgesics, local anesthetics and adjuvants drugs given before surgery
begins. Preventive analgesia vefers to drugs given before, during and after surgery [24].

in the chapters of this book. Figure 1 shows Crile’s original idea as it is used today. As
seen in Table 2, there are several drugs that are used in the preemptive and preventive

management of POP.

The side effects mentioned in Table 2 are infrequent, sometimes dose-dependent,
and should not be a limitation in the prescription of these drugs, except when there is
any formal contraindication or history of adverse reactions, including known allergies

[29-36].

Pre-emptive and Pharmacological name
preventive drugs

Side effects

Paracetamol Acetaminophen

Agitation, constipation, headaches,
insomnia, itchy gastritis, liver damage,

Dipyrone Metamizole sodium

Hypotension, chest pain and
arrhythmias, nausea, dizziness,
kidney damage, shortness of breath,
rash, severe allergy, Stevens-Johnson
syndrome, Lyell’s syndrome,
hemolytic anemia, aplastic anemia,
agranulocytosis, thrombocytopenia,
pancytopenia.

Alfa2 agonists Clonidine, Dexmedetomidine

Drowsiness, bradycardia, arterial
hypotension, transient hypertension

Gabapentinoids Gabapentin, pregabalin

Drowsiness, weakness or tiredness,
dizziness, headache, tremor, double
or blurred vision, Instability, anxiety,
nausea and vomiting

Ketamine S(+)-ketamine, (R)-ketamine

Dream-like feeling, blurred vision,
double vision, jerky muscle movements,
dizziness, drowsiness, nausea, vomiting,
confusion, hallucinations, unusual
thoughts, extreme fear.

Magnesium Magnesium sulphate

* Confusion, dizziness or lightheaded-
ness, irregular heartbeat, hypoten-
sion, sleepiness, muscle weakness

NSAIDs Celecoxib, diclofenac,
etoricoxib ibuprofen, ketorolac,
meloxicam, naproxen, parecoxib

* Gastritis and gastric ulcers, indiges-
tion, diarrhea, headaches, drowsi-
ness, dizziness, allergic reactions.
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Pre-emptive and Pharmacological name Side effects
preventive drugs
Opioids Morphine, fentanyl, methadone, Respiratory depression, arterial
buprenorphine, tramadol, hypotension, bradycardia, delirium,
codeine. drug addiction
Oliceridine
Steroids dexamethasone Hypertension, peptic ulcers,
hyperglycemia, and hydro-electrolytic
disorders.
Miscellaneous Levitracepam, esmolol
Table 2.

Most used analgesic and adjuvant pre-emptive and preventive drugs.

5. Postsurgical pain management

The prevention and management of POP requires a complete knowledge of the
anatomy, physiology, and pharmacology of the elements involved: from molecular
receptors to psychological aspects in such a way that we can structure a perioperative
multimodal analgesic plan [5, 8, 9, 11, 34]. The American Society of Anesthesiologists
(ASA) and other similar societies have published various guidelines for the multidis-
ciplinary management of POP [37-39].

The timely identification of risk factors [1, 3, 4] for patients to develop severe or
difficult-to-manage POP is of vital importance to plan a preemptive and preventive
pain management. For example, prolonged surgeries with extensive tissue damage,
potential for neural injury, multiple simultaneous operative sites, oncologic and
orthopedic procedures, and breast surgery produce POP more frequently. In a study
of 11,510 patients from 26 countries, it was found that POP decreases with increasing
age, although this decrease in pain is of questionable clinical importance [3].

In this clinical setting, it is accepted that the combination of various therapeutic
approaches—multimodal analgesia—is currently the most effective and safe treat-
ment, reduces the consumption of opioids, as well as decreases postoperative nausea
and vomiting [5]. Table 3 mentions the most common management approaches.

Recently, some countries are experiencing a severe opioid consumption crisis in
which the legal prescription and the unlawful use of these drugs are determining
factors in the alarming increase in mortality related to the use of opioids, particularly
fentanyl [40]. A multicenter study of 1093 major surgery cases found that the most
important variable in opioid use 3 months after surgery was preoperative opioid use
[41]. The current trend is to reduce opioids during and after surgery whenever possible
with the goal of curbing opioid-related morbidity and mortality and engaging in the
safe and rational management of POP [42]. Opioid-free anesthesia is a strong propo-
sition in the midst of this global opioid consumption crisis [43-46]. However, the
reduction of opioids in the perioperative period, especially in the management of POP,
requires more aggressive programs among anesthesiologists, surgeons, and nurses.

There is a recent advance in the pharmacological management of POP; the new
drug oliceridine is an innovative mu-opioid receptor agonist that is part of a new
group of biased ligands that selectively activate G-protein signaling and downregulate
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Pain medicines

* Analgesics

¢ Local anesthetics
* Adjuvants

Local anesthetics / Regional anesthetic techniques
Topical techniques

* Local

« anesthetic wound infiltration
* Intra-articular

¢ Intravenous blocks (IVRA)
Neuroaxial

* Spinal

* Epidural

Nerve blocks

® Paravertebral blocks

* Plexus nerve block

* Peripheral nerve blocks

* Fascial plane block

« Interpleural analgesia

Patient-controlled analgesia (PCA)

Examples of non-pharmacologic therapies

® Cognitive modalities

* Physical therapy

¢ Transcutaneous electrical nerve stimulation (TENS)
* Acupuncture, massage

* Music

* Physical Heat, ice/cooling

* Activities Hobbies/leisure

* Hypnosis

* Spiritual religious literature and services

Table 3.
Drugs, and procedures used in the comprehensive management of POP.

p-arrestin recruitment. Since G-protein signaling has been associated with analge-
sia while p-arrestin recruitment has been related to opioid adverse events, there is
potential for a wider therapeutic window, including postoperative analgesia. It has
been approved by the Food and Drug Administration (FDA) for the treatment of
moderate-to-severe postoperative acute pain. Its analgesic efficacy has been found to
be similar to that of morphine, with a profile of fewer side effects. More clinical stud-
ies are required to determine its role in the management of POP [47-50].

Obese and opioid use disorder patients are a challenge in opioid administration for
POP. Regional anesthesia techniques and trying to avoid opioids are preferred analge-
sic approaches, with multimodal analgesia being the technique of choice.

Comprehensive management of POP should include the non-pharmacological
approaches listed in Table 3. Some perioperative psychological techniques can
decrease the intensity of POP and thereby reduce the use of opioids in POP [51].

6. Acute complications of POP

Inadequate postoperative analgesia induces adverse consequences in the immediate
postoperative period and favors CPOP. Nowadays, literature suggests that severe acute

6
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Complications

Deep vein thrombosis and/or PE Postoperative cognitive dysfunction

Pulmonary infections, respiratory depression Prolonged hospitalization, unplanned hospital
admissions

Myocardial ischemia and infarction Increase in the price of care

Paralytic ileus, urinary retention Rebound pain / Chronic postoperative pain

Complications related to analgesia modalities: Disability to perform activities of daily living,

Somnolence, sedation, dizziness, respiratory impaired ability to sleep, low mood, and decreased

depression, urinary retention, nausea/vomiting, libido

ileus, pruritus, risk of addiction/substance
use disorder, gastrointestinal bleeding, renal
dysfunction, transient motor blockade, etc

Table 4.
Complications velated to inadequate POP management.

POP is common, though most of the time it is underestimated and often inadequately
treated (Table 4). Ineffective postoperative acute pain control is associated with poor
outcomes including increased length-of-stay, sleep disturbance, prolonged time to first
mobilization, and increased opioid use. Furthermore, poor postoperative pain control
has been associated with delirium in the elderly, cardiopulmonary and thromboembolic
complications [52]. POP not only affects patient health, but it may also increase the risk
of developing chronic pain and its consequences. Fletcher et al. [53] reported that every
10% increase in the time spent in severe postoperative pain was associated with a 30%
increase in chronic pain 12 months after surgery. Tissue injury generates an allostatic
response that involves nervous, endocrine, and immune processes. Initially, the physi-
ologic response to acute pain is adaptive, as it facilitates an immediate response via the
sympathetic nervous system and the neuroendocrine system [54]. As the autonomic
nervous system may be activated during an acute painful event, different changes in vital
signs like the elevation of systolic blood pressure (SBP), diastolic blood pressure (DBP),
mean arterial pressure (MAP), and pulse rate (PR) are recorded. These changes could
be suggestive of the presence of discomfort or pain like how some studies show in the
intensive care unit (ICU) population [55]. Willingham et al. [56] analyzed a cohort that
included 11,986 adult postsurgical patients, and the most common type of postopera-
tive complication was wound infection (3.6%), followed by respiratory (3.0%), neural
(2.8%), cardiac (2.5%), thrombotic (2.5%), and renal/gastrointestinal (2.0%). Patients
with severe pain experienced an overall complication rate of 15.9% versus that of 12.4%
in those patients without. Its key factor not only focuses on controlling PAP, but is also
necessary to systematically identify significant preoperative predictors of poorly con-
trolled acute postoperative pain and to quantify the associated risks. It has been hypoth-
esized that adequate pain control represents a reduction in the surgical stress responses
(endocrine, metabolic, and inflammatory), therefore improving analgesia will lead to a

reduced incidence of postoperative organ dysfunction and result in a better outcome.

7. Conclusions

Management of acute postoperative pain is a major challenge for clinicians, with
more than 80% of patients reporting pain after surgery and 75% reporting pain that
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is moderate, severe, or even extreme, although these figures vary according to factors,
such as the age and sex of the patient, certain preoperative factors, biopsychosocial
factors, the type and duration of surgery, the analgesic/anesthetic intervention used,
and the time elapsed after surgery. This may favor CPOP. It is vitally important to
identify the risk factors for POP and establish perioperative management plans using
the techniques described, multimodal analgesia being the most effective procedure.
Emphasizing a multimodal analgesic approach and an individualized plan for the
management of POP significantly reduces the demand for opioids while optimizing
pain relief and speedy recovery of patients.
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Chapter?2
Changes in Postoperative Analgesia

Maiko Satomoto

Abstract

Postoperative pain management has changed with the evolution of surgical
techniques. Epidural anesthesia was a very useful method of postoperative analgesia
when laparotomy or thoracotomy was performed by making a large skin incision in
the abdomen or chest. Nowadays, surgeries are often performed through very small
skin incisions using laparoscopy or thoracoscopy. Furthermore, surgeries are often
performed on elderly patients, and in many patients, anticoagulants are used in
preoperative period and continued during intraoperative period or started early in
postoperative period, and there are concerns that epidural anesthesia cannot be per-
formed, or that epidural anesthesia may delay the start of early postoperative antico-
agulation in such patients; hence, there is a tendency to avoid epidural anesthesia. In
such cases, intravenous administration of patient-controlled analgesia (PCA) fentanyl
is an effective method of postoperative analgesia. We will discuss the advantages and
disadvantages of intravenous (IV)PCA and epidural anesthesia and also the combined
use of peripheral nerve blocks, which has been in the spotlight in recent years. Early
postoperative mobilization is useful in preventing muscle weakness and delirium.
What we require today are postoperative analgesics that provide rapid postoperative
recovery and do not cause nausea and vomiting.

Keywords: postoperative analgesia, surgery, laparoscopic surgery, IVPCA, epidural

1. Introduction

Postoperative pain is more than just the feeling of pain in the wound and is
associated with damage to the tissues and organs involved in the surgical invasion.
Postoperative pain consists of nociceptive pain, inflammatory pain, and neuro-
pathic pain. In addition, psychogenic pain can also contribute to postoperative pain.
Surgeries involving deep pain in bones, joints, or the spine and surgeries involving
visceral pain, such as laparotomy, cause more severe postoperative pain than cra-
niotomies or surgeries of the chest wall, abdominal wall, or skin, which cause only
superficial pain. Postoperative pain is most severe during the first 24 hours following
the surgery and often subsides thereafter, but in some cases, the pain may persist. In
recent years, endoscopic surgeries with small skin incision account for the majority
of planned surgeries. Although injuries to the skin and fascia have reduced, visceral
injuries remain the same, which is why analgesics are necessary. In this section, we
will discuss the changing approach to postoperative pain with the evolution of surgery
and anesthesia.
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2. Points to be noted before starting postoperative pain management

During the twentieth century, people came to increasingly believe that preopera-
tive intervention was important when postoperative phase was taken into consid-
eration. Perioperative management is a field that gives thought to what should be
done to get patients into the best possible condition so that they can have a better
postoperative comfort, by considering the preoperative, intraoperative, and post-
operative phases seamlessly. Previously, anesthesiologists used to focus on intra-
operative anesthesia management, but postoperative analgesic intervention, such
as acute pain service (APS), has now developed with a focus on the management
of postoperative pain as an extension of anesthesia, including epidural anesthesia.
Postoperative wound pain is a problem common to all clinical departments, and it
was 35 years ago that APS was proposed for pain management across departments
[1]. Although many facilities have tried to standardize postoperative analgesia,
there has been much debate about the service fee (cost calculation) of APS and
the quality of analgesia, and questions were raised about the clinical utility of APS
teams [2].

Meanwhile, there are known cases in which acute postoperative pain developed
into chronic postoperative pain (CPSP). CPSP is defined as pain that persists for
at least 3 months after surgery. Epidemiological studies report that CPSP occurs in
10-50% of patients undergoing surgery, and 2-10% have severe pain that interferes
with daily life [3]. CPSP develops by a complex mechanism that includes surgical
factors such as the extent of invasion, patient-related factors such as psychiatric and
psychological factors and genetic predisposition, and environmental factors, and
although knowing the exact pathology of CPSP is not simple, surgical technique,
surgical wound size, duration of surgery, re-operation, and severe pain on the day fol-
lowing the surgery are also considered to be the causes of CPSP [4, 5]. It is important
to note that CPSP that occurs as a result of inadequate management of this acute pain
associated with surgery is considered as a problem, and the quality of postoperative
analgesia is a major concern for patients when being referred to a hospital [6]. In the
traditional postoperative management, the surgeon was the primary caregiver, who
gave instructions to the nurse when the patient felt pain, and it often took about an
hour from the time the patient complained of pain until the nurse comprehended the
fact and administered analgesics to the patient.

3. Guidelines on postoperative pain

The American Pain Society, the American Society of Regional Anesthesia, and the
American Society of Anesthesiologists jointly published Clinical Practice Guidelines
on Postoperative Pain in 2016 [7]. The guidelines contain 32 recommendations,
ranging from education of clinical staff and patients to specific surgical techniques.
It is of concern that the level of evidence is not uniform, and that the contents of the
recommendations vary widely. The important point is that if one wants to provide
postoperative analgesia properly, then an environment should be provided in which
the level of postoperative analgesia and its side effects can be objectively assessed for
each surgery, starting with education in the preoperative outpatient setting, and the
treatment plan for postoperative analgesia can be modified accordingly. It has been
stated in the guidelines that it is efficient to collect medical information, formulate
a plan for analgesia based on this information, and provide medical care by taking
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advantage of the specialties of the staff. In particular, with regard to analgesics to be
used in the perioperative period, the guidelines discuss the importance of assessing
the patient in the preoperative outpatient setting, formulating a plan for postopera-
tive analgesia, and fully explaining the plan to the family and patient. The method of
using the patient-controlled analgesia (PCA) pump and so on is hard to understand
for the patient in an outpatient setting with an explanation from the anesthesiolo-

gist alone, and it is useful if the scrub nurse repeats the explanation. It is important

to openly tell the ward nurse if one feels postoperative pain, and some facilities also
need a change of mindset of the entire hospital from tolerating postoperative pain to
finding remedies for it within the hospital. Reducing patient pain, reducing CPSP, and
improving the reputation of the hospital go hand in hand, for which the collaboration
between ward staff and operating room is important. It is also recommended that a
scale be used to quantify pain. It is important to share information based on a uniform
scale within the hospital and not based on subjectivity. Currently, Visual Analog Scale
(VAS), Verbal Rating Scale (VRS), and Numerical Rating Scale (NRS) are available
for the evaluation of pain. Postoperative analgesia is a basic requirement of peri-
operative care, and it is desirable to protocolize the evaluation and management of
postoperative analgesia. There are cases in which observation of the patient’s general
condition is necessary in conjunction with analgesia, and this applies to cases in which
spinal or epidural anesthesia is used, and although it is stated that multidisciplinary
collaboration is necessary to provide an environment for monitoring [7], specific sug-
gestions are not included in these guidelines. In Europe, a group of anesthesiologists
and surgeons called Prospect (procedure specific postoperative pain management),
led by the European Society of Regional Anesthesia, has proposed evidence-based
analgesia for postoperative pain for each procedure [8-10]. In this proposal, opti-

mal analgesics and regional anesthesia techniques are described in detail for each
procedure.

4. Differences between laparotomy and laparoscopy

Since laparotomy is invasive and causes severe postoperative pain, postoperative
analgesia plays an important role in early mobilization and shortening of hospital
stay. Recently, there have been many cases of high-risk patients with venous throm-
bosis, atrial fibrillation, ischemic heart disease, and hemodialysis, who are being
administered antiplatelet and anticoagulant drugs just before the surgery, and an
epidural anesthesia cannot be used in many such patients. In these cases, intravenous
patient-controlled analgesia (IV-PCA) is combined with peripheral nerve blocks of
the abdominal wall.

On the other hand, laparoscopic surgery has advantages over laparotomy, such as
smaller surgical incision, quicker postoperative recovery, and shorter hospital stay,
and in recent years, almost all thoracic and abdominal surgeries tend to be performed
by thoracoscopy or laparoscopy. While the monitor screen used during laparoscopy
allows the medical staff to monitor the progress of the surgery, the field of view is
limited, and it is necessary to be aware of unexpected bleeding or organ damage.
There are advantages such as less postoperative pain compared to laparotomy and
reduction in perioperative complications, including respiratory complications, due
to early mobilization. The ability to tolerate the cardiorespiratory changes caused by
insufflation and the cardiopulmonary effects due to body position must be evalu-
ated prior to commencing the surgery. Epidural anesthesia is used in combination in
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cases where there is a high probability of conversion to laparotomy; otherwise, local
infiltration anesthesia of the incision site is recommended in addition to intravenous
patient-controlled analgesia (IV-PCA). Peripheral nerve blocks of the abdominal wall
are also sometimes used in combination and are described for each laparoscopic pro-
cedure. For example, it is stated that in laparoscopic/robotic radical prostatectomy,
bilateral transversus abdominis plane (TAP) block is recommended at the end of the
procedure to reduce postoperative pain [11], while in laparoscopic cholecystectomy
[10] and laparoscopic hysterectomy [12], TAP is recommended only when routine
analgesia cannot be used for some reason, such as allergy. As there is no reliable large-
scale research, the usefulness of peripheral nerve blocks has not been confirmed in
the guidelines. In addition, laparoscopic surgery has a high incidence of postoperative
nausea and vomiting; hence, preventive measures are necessary.

5. Problems specific to the elderly

Laparoscopy and thoracoscopy are becoming popular as surgical techniques
because of their advantages such as they are less likely to cause postoperative leukocy-
tosis, elevated c-reactive protein (CRP), and elevated blood glucose levels, resulting
in shorter postoperative fasting time and hospital stay. As the population is aging, the
elderly, who had avoided surgery in the past, are now proactively undergoing surgery
with the popularization of the techniques that allow for rapid postoperative recovery.
In Japan, 28.8% of the population is 65 years of age or older [12], and it is predicted
that 2035 will see the onset of the aging society where one in three people will be
65 years of age or older. Even seemingly healthy elderly people have reduced vital
functions and physiological reserves, and once complications occur, it takes time for
them to recover.

Many patients who undergo surgical treatment have some comorbidity in the
preoperative state. Complications such as diabetes, hypertension, chronic heart dis-
ease, chronic obstructive pulmonary disease, and chronic kidney disease and history
of stroke are frequent and often concomitant. In planned surgeries, it is important to
control remediable complications before surgery by performing additional examina-
tions, where a multilateral, multidisciplinary approach to perioperative outpatient care
becomes important. Patient care should include not only surgeons and anesthesiologists
but also nurses, dental hygienists, rehabilitation specialists, and pharmacists, and the
information shared before surgery should be passed on during intraoperative, postop-
erative, and recovery period. For multilateral preoperative risk assessment, anesthe-
siologists generally use the classification of preoperative physical status (PS) by the
American Society of Anesthesiologists (ASA). MET, a unit measuring the intensity of a
physical activity, indicates the intensity of an activity by how many times more energy
is expended than when sitting quietly, which has a MET value of 1. How many METs
of physical activity the patient is capable of is evaluated by quantifying the intensity of
physical activities that the patient can perform daily. Generally, surgery is considered
possible for patients with 4 MET.

6. Basal postoperative analgesics

Unless there are contraindications, acetaminophen and non-steroidal anti-
inflammatory drugs (NSAIDs) are used as basal analgesics on a regular, rather than
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on an as-needed, basis for postoperative pain management. Treatment is switched to
oral administration as soon as the patient is able to take drugs orally. Some Western
protocols call for oral administration of acetaminophen, gabapentin, and celecoxib
[6, 7, 9-11] 2 hours before surgery, but preoperative administration is not common in
Japan. Similarly, postoperative gabapentin, though beneficial according to papers, is
less common in Japan. This may be due to a lack of awareness about CPSP.

7. Benefits of epidural anesthesia

Epidural anesthesia is the administration of local anesthetics and sometimes
opioids into the epidural space to provide analgesia. Epidural anesthesia may be used
alone or in combination with spinal or general anesthesia. In addition to intraopera-
tive analgesia, it is also used for postoperative analgesia with an indwelling catheter.
Although this method of anesthesia provides good analgesia and is effective in facili-
tating mobilization, early detection of complications due to anesthesia is important.

Local anesthetics and opioids are used for epidural anesthesia. In recent years,
opioids have been often avoided because of the serious complications that can occur in
the case of inadvertent subarachnoid administration. The use of high concentrations
of local anesthetics numbs not only the thin sensory nerves but also the thick motor
nerves. Considering postoperative falls and delayed mobilization, there is a tendency
to use low concentrations of local anesthetics. Local anesthesia alone is insufficient to
cover movement pain, and using local anesthesia in combination with other analgesics
to provide satisfactory postoperative analgesia is the current mainstream. Epidural
anesthesia is superior in that it works in a segmental manner, allowing deep breathing
and expectoration, with lesser postoperative respiratory complications, and in that the
sympathetic nerve block allows rapid functional recovery of the gastrointestinal tract.

Compared to spinal anesthesia, its effect is milder, and the effect on circulation is
also gradual. The main side effects are hypotension, bradycardia, and local anesthetic
toxicity. The epidural space lies outside the dura mater and runs the entire length of
the spinal canal. It extends from foramen magnum at its center to the sacrococcygeal
ligament, covering the sacral hiatus at the caudal end, and laterally to the ligamentum
flavum. Theoretically, epidural anesthesia can be used for any surgery except cranio-
facial surgeries, but it is often used for postoperative pain in thoracic and abdominal
surgeries. Epidural anesthesia is also indicated for surgery of the lower extremities,
but in recent years, there has been a tendency to perform peripheral nerve blocks
since epidural anesthesia has an effect on both sides of the body.

Contraindications to epidural anesthesia include the use of anticoagulant or
antiplatelet medications in the case of bleeding tendency, lack of patient cooperation,
skin infection at the puncture site, and intracranial hypertension. In children, epi-
dural anesthesia may be performed after induction of general anesthesia but should
be performed by a skilled anesthesiologist.

Catheter malposition in the subarachnoid space or a vein has been reported during
epidural anesthesia, not only at the time of puncture but also at any point in the post-
operative period [13], and while confirmation with a test dose at the time of puncture
is performed as a matter of course, continuous observation of the general condition is
also necessary in the postoperative ward.

During surgery, a high concentration of local anesthetic may be used intentionally
to relieve tension in the abdominal wall and to provide some muscle relaxant effect.
Residual muscle weakness in the lower extremities may remain even after the end
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of the surgery, and the patient should be made aware of this when being transferred
from the operating room. This is because it is necessary to distinguish this from the
above-mentioned catheter malposition in the subarachnoid space. One should also
suspect local anesthetic toxicity if dysgeusia or polyphrasia appears. Epidural hema-
toma and abscess are also complications that require attention, and if back pain or
muscle weakness in the lower extremities lead to a suspicion of such complications,
MRI imaging should be performed promptly.

If anesthetic effect is inadequate, a cold test should be performed, the number of
times the PCA button is pressed should be checked, and the catheter position should
be confirmed. Based on this information, the bolus dose amount and continuous
dose amount may be increased, and the catheter position may be adjusted to obtain
adequate anesthetic effect and extent. Currently, postoperative pain management
teams consisting of anesthesiologists, scrub nurses, and pharmacists are evaluating
and improving postoperative pain management, but there are large differences among
facilities in how effectively this is being implemented.

8. Advantages of analgesic administration by intravenous (IV) PCA

The analgesia by intravenous administration of opioids is superior in that the route
of administration is easy to establish, and the onset of effect is rapid. When used for
postoperative analgesia, IV-PCA should be connected after maintaining a certain
concentration in the blood by the time the patient awakens from anesthesia. Fentanyl
is often used, but morphine is more common worldwide. Because of the short dura-
tion of effect of fentanyl, IV-PCA with continuous administration of fentanyl is often
used, and one should watch for sedation and respiratory depression. Considering that
postoperative pain decreases over time, continuously administered fentanyl should
be tapered off over time. Patients should be advised that a single bolus dose of PCA is
unlikely to relieve severe pain and that they should not tolerate pain but should press
the PCA button “at the point of onset of pain” or “at the point one feels uncomfort-
able” As has been mentioned earlier, it is important to note that acetaminophen and
nonsteroidal anti-inflammatory drugs (NSAIDs) are available as basal analgesics.

Administration of narcotics also increases postoperative nausea and vomiting
(PONV). PONV on the day following surgery is as high as 6.9% in the epidural
anesthesia group versus 21.6% in the IV-PCA group [14], suggesting the active use of
antiemetics so that PONV does not hinder early mobilization.

Drug addiction has become a problem in the United States. In the United States,
in patients who become chronic drug users after surgery, an association was found
between the patient behavior and pain disorder [15]. It is now clear that patients with
a predisposition become chronic users of easily prescribed opioids following surgery,
regardless of whether the surgery is major or minor, and that careless prescribing of
opioids should be discouraged. In particular, respiratory depression can be fatal in
obese patients and patients with chronic obstructive pulmonary disease and sleep
apnea. Opioid-free anesthesia [16, 17] has proven effective for such patients.

9. Advantages of peripheral nerve block

In recent years, the launch of a series of echo machines that allow for more detailed
checks has made it possible to administer local anesthesia or place a catheter after
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confirming the nerve during peripheral nerve blocks. In the past, local anesthesia was
often administered blindly using a blood vessel or bone as a landmark or by attach-
ing a nerve stimulator to the needle tip and administering local anesthesia where the
needle tip felt a muscle contraction, which could lead to inadequate effect or compli-
cations from blood vessel or direct nerve puncture. Now that the nerves can be seen
directly, nerve blocks can be performed more peripherally and only where necessary.
Since nerve blocks can be performed at any site where blood flow can be stopped from
the surface of the body, even while the patient is on anticoagulants, there are fewer
restrictions based on the patient’s condition.

10. Program for enhanced recovery after surgery

To help patients undergoing surgery to recover fast and be discharged from
the hospital, perioperative management through a program for enhanced recov-
ery after surgery, known as ERAS (Enhanced Recovery After Surgery), has been
implemented in Europe [18-24]. This is a multidisciplinary program that includes
postoperative pain management, early mobilization, and early oral intake. The
program started in 1999 with a report that postoperative hospital stay for sigmoid
colon resection was reduced from the previous 5-10 days to a median of 2 days [25].
Since then, the European Society for Clinical Nutrition and Metabolism has taken
the lead in promoting the use of this program, and many studies were conducted to
review the timing of preoperative oral intake, bowel preparation, and the start of
postoperative oral intake. The program places importance on the team approach to
healthcare, in which preoperative, intraoperative, and postoperative management is
seamlessly carried out through multidisciplinary collaboration. Furthermore, being
up-to-date is what makes this program appealing; for example, epidural anesthesia
for laparotomy, which was strongly promoted at the beginning, is no longer strongly
recommended for routine surgeries [21, 24], and multimodal analgesia is now being
considered, which combines the use of wound infusion catheter and subarachnoid
opioids and so on.

11. Delirium

Generally, muscle weakness occurs at a rate of about 1-3% per day or 10-15%
per week while the patient remains at bed rest and is said to deteriorate to 50% in
3-5 weeks. Muscle weakness can easily lead to frailty and sarcopenia in the elderly.
Development of postoperative delirium is a major obstacle in the implementation of
the ERAS program and early discharge from the hospital. Postoperative delirium is
a serious postoperative complication that prolongs hospital stay and worsens prog-
nosis [26, 27]. Postoperative delirium can also cause postoperative cognitive decline
[28] and threatens subsequent social life. It has been reported that 80% of elderly
patients develop postoperative delirium while in the intensive care unit (ICU) [29].
Postoperative delirium occurs in the elderly and is also associated with brain vulner-
ability. Factors contributing to delirium can be divided into (1) predisposing factors,
(2) triggering factors, and (3) direct factors. Predisposing factors include advanced
age, dementia, alcoholism or polydipsia, and history of psychiatric illness. Triggering
factors include psychological stress, ICU stay, sleep deprivation, and postoperative
pain. Direct factors include dehydration, infection, and electrolyte imbalance. Despite
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screening based on risk factors at the time of admission, focused care of patients prone
to delirium, environmental modification, and elimination of causes, delirium still
develops at a high rate in the elderly. Pharmacotherapy using psychoactive drugs is
given for symptomatic treatment. Haloperidol, quetiapine, and risperidone are used
[30]. However, there is no evidence of efficacy of these psychoactive drugs with respect
to duration and severity of delirium, length of hospitalization, and mortality [31].
There are numerous reports on the efficacy of dexmedetomidine in the prevention
and treatment of delirium [32-34]. New sleep medications, ramelteon and suvorex-
ant, have also been reported to have preventive and therapeutic effects [35-37] and
are increasingly prescribed on regular basis rather than as-needed. At our institution,
we hypothesized that heart-rate variability could be used to predict delirium, and
we have found that changes in autonomic nerves on the day before surgery can help
predict delirium [38].

12. Conclusion

As surgeries with small incision are becoming mainstream, early discharge fol-
lowing the ERAS protocol is beneficial for the medical economics as well as for the
patient’s life. Methods of anesthesia that use anesthetics with minimal side effects and
no postoperative residual effect, that provide sufficient postoperative analgesia, and
that do not interfere with early mobilization are desirable. Elderly patients are also
proactively undergoing surgery, and we hope that they get through the perioperative
period smoothly and fully enjoy a 100-year-lifespan.
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Chapter 3

Enhanced Recovery after Surgery

Navin Kumay, Rohik Anjum, Dhiraj Mallik, Farhanul Huda,
Bibek Karki and Somprakas Basu

Abstract

Enhanced recovery after surgery (ERAS) protocols are specialized perioperative
care guidelines. The protocol was first published in 2005. Since then, it has been
associated with improved perioperative outcomes. This multimodal peri-operative
protocols standardize the perioperative care to minimize the surgical stress response
and post-operative pain, reduce complications, improve post-operative outcomes,
expedite recovery and decrease the length of hospital stay. It initially started with
colorectal surgery, but now it is used in hepatobiliary, upper gastrointestinal system,
urology, gynecology, vascular surgery, bariatric, and non-gastro intestinal specialties.
Its role is well established in elective surgery. Now there are enough evidence suggest-
ing its role in emergency surgeries as well. There are 24 elements of the ERAS bundle.
However, only some critical elements of the ERAS bundle are feasible to be used in
emergency surgery. Postoperative pain management is one of the significant elements
in the ERAS bundle. Multimodal analgesia is the optimal modality for pain control.

It facilitates early ambulation and rehabilitation. Current evidence recommends the
ERAS protocol. However, each item within the protocol constantly changes over time,
depending upon the evidence.

Keywords: ERAS, length of hospital stay, postoperative pain, perioperative care,
protocol, multimodal analgesia

1. Introduction

There are various challenges in the care of a patient in his surgical journey, which
starts from preadmission, preoperative, and intraoperative care till postoperative
recovery. Each unit has its focus, affecting the one to follow. The same surgery may
have different outcomes because the surgical outcome depends on the perioperative
management rather than the actual operation. Patients require hospital care after
major abdominal surgery because of the need for parenteral analgesia for persistent
pain and intravenous fluid because of bowel dysfunction and postoperative complica-
tions. The length of hospital stay may vary in different parts of the world because of
the variation in perioperative care. Henrik Kehlet showed that a patient could be dis-
charged in 2 days after the open sigmoid resections [1]. The length of stay after these
operations was ten days in most countries; thus, he pioneered fast-track surgery [2].

In earlier days, postoperative care was different among different centers because
of the lack of specific protocols for specific organ-based surgeries. It was decided
to promote the change in practice in the care of surgical patients. The Enhanced
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Recovery After Surgery (ERAS) study group was formed in 2001 in Europe to combat
this problem. Professor Ken Fearon, University of Edinburgh, UK, and Professor Olle
Ljungqvist, Karolinska Institute, Sweden, assembled in 2001 to develop ideas about
ERAS with the surgical department or Universities of three other northern European
Countries (Denmark, Norway, and The Netherlands) [3]. They found a discrepancy
between the actual practices and evidence-based best practices. Much published
evidence suggests that perioperative care differs in different parts of the world, and
there is a minimum adherence to evidence-based practice [4].

The aim of the ERAS study group (http://www.erassociety.org) was to find out
the ways for quality surgical recovery rather than speed. The study group met several
times to reach a consensus on a protocol to improve the quality of surgical recovery.
These were called ERAS protocols. These are procedure-specific guidelines. The
group focused on enhancing recovery and reducing complications by modifying the
metabolic response to surgical insult rather than limiting the length of stay. They
found that early mobilization and enteral nutrition are beneficial in the postoperative
period, leading to rapid hospital discharge [5]. The first guideline was published in
2005 for colorectal surgery [3]. In 2012 the guidelines were divided into colonic and
rectal surgery, but in 2018 these two surgical specialties guidelines were combined
[6-8]. The Dutch group led the implementation of the first guidelines and showed
improvements in recovery time [9]. They showed that the guidelines could be imple-
mented in a structured way. ERAS protocol, when implemented in a structured way,
showed a significant reduction in postoperative morbidity (48%) and length of hospi-
tal stay (2.5 days) in colorectal surgery when compared with traditional perioperative
care [10, 11]. The ERAS society was registered in Sweden in 2010 (www.erassociety.
org). This is an international non-profit medical academic society whose members are
from different professions involved in surgical care [5].

Current evidence recommends the ERAS protocol as a whole (all elements) and
not as a single element. However, each element within the protocol constantly changes
over time, depending upon the evidence. Now, these protocols have been adapted for
the upper gastrointestinal system, urology, gynecology, vascular surgery, hepato-pan-
creatico-biliary, esophageal, bariatric, and non-gastrointestinal specialties [12, 13].
The ERAS guideline has changed over the years since its inception. The first ERAS
guideline was based on expert opinion and literature review, but the recent guideline
is based on evidence-based grading.

2. Components of ERAS

There are 24 components of ERAS that are used by different surgical specialties of
the hospital for different patients (Table 1) [8].

2.1 Preadmission
2.1.1 Preadmission information, education, and counseling

It is recommended that proper preoperative counseling should be done as it not
only takes out the fear of surgery but also helps in pain control to a reasonable amount

which ultimately will lead to an early discharge for the patient [14-18]. Patient
education via leaflets, drawings, and multimedia (like various videos) of the surgical
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ERAS item
1 Preadmission information, education, and counseling
2 Preoperative optimization
3 Prehabilitation
4 Preoperative nutritional care
5 Management of anemia
6 Prevention of nausea and vomiting
7 Pre-anesthetic medication
8 Antimicrobial prophylaxis and skin preparation
9 Bowel preparation
10 Preoperative fluid and electrolyte therapy
11 Preoperative fasting and carbohydrate loading
12 Standard anesthetic protocol
13 Intraoperative fluid and electrolyte therapy
14 Preventing intraoperative hypothermia
15 Surgical access (open and minimally invasive surgery including laparoscopic, robotic, and
trans-anal approaches)
16 Drainage of peritoneal cavity and pelvis
17 Nasogastric intubation
18 Postoperative analgesia
19 thromboprophylaxis
20 Postoperative fluid and electrolyte therapy
21 Urinary drainage
22 Prevention of postoperative ileus
23 Postoperative glycaemic control
24 Postoperative nutritional care
Table 1.

ERAS guidelines 2018 for colorectal surgery (http://wwuw.erassociety.org) [8].

procedures also improves pain and anxiety after surgery. Patients should always be
designated a particular role post-surgery, including proper nutrition and mobilization
[14, 19, 20]. The grade of recommendation is strong.

2.1.2 Preoperative optimization: (visk assessment, abstinence of smoking and alcohol)

Preoperative risk assessment of the patient should be done along with optimiza-
tion of heart, lung, and kidney diseases, diabetes, hypertension, anemia, malnutri-
tion, and cessation of excessive alcohol and smoking. Smokers have an increased
risk of intraoperative and postoperative complications [21]. Counseling and nicotine
replacement are very effective methods in preoperative smoking cessation [22]. At
least 4-8 weeks of abstinence is required to reduce respiratory and wound healing
complications [23, 24]. Alcohol abuse increases postoperative morbidity but not
mortality. At least four weeks of abstinence is required [25]. The grade of recommen-
dation for preoperative optimization is strong.
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2.1.3 Prehabilitation

Prehabilitation is the period between diagnosis and the beginning of acute treat-
ment. It is done to improve the physical and psychological health of the patient. Poor
preoperative physical health is a risk factor for postoperative complications. Its grade
of recommendation is weak.

2.1.4 Preoperative nutritional care

A preoperative nutritional assessment should be done to detect malnutrition. In
malnourished patients, enteral or additional parenteral nutrition should be added
7-10 days preoperatively. It reduces infectious complications and anastomotic leaks
[26]. Its grade of recommendation is strong.

2.1.5 Management of anemia

Anemia is the risk factor for morbidity and mortality, and blood transfusion also
increases complications. A 60-100 g/L of Hb should be maintained before surgery
[27]. Its grade of recommendation is strong.

2.2 Preoperative items
2.2.1 Postoperative nausea and vomiting

Postoperative nausea and vomiting (PONV) are important causes of patient dis-
satisfaction. PONV affects 30-50% of patients [28]. The etiology of PONV is mul-
tifactorial. Prophylactic treatment should be given to prevent postoperative nausea
and vomiting. There are several scoring systems for predicting a risk factor for PONV.
Koivuranta and Apfel’s scoring system is most commonly used [29-31]. A multimodal
approach should be considered to prevent PONV. Patients with 1-2 risk factors should
be given a two-drug combination as prophylactic antiemetics, whereas 2-3 antiemet-
ics should be given in patients with >2 risk factors. Its grade of recommendation is
strong.

2.2.2 Pre-anesthetic medication

A high level of anxiety occurs in the perioperative period, which increases the
analgesic requirements and postoperative complications. Anxiolytic should be given
to decrease the psychological stress, which subsequently decreases the perioperative
analgesic requirement [32]. Its grade of recommendation is strong.

2.2.3 Antimicrobial and skin preparation

Intravenous antibiotic prophylaxis should be given 60 minutes prior to the
incision. There is a reduction in surgical site infection (SSI) after oral and sys-
temic antibiotics, along with mechanical bowel preparation in colorectal surgery.
The SSI rate further decreases after skin decontamination with chlorhexidine.
Although preoperative hair removal does not decrease SSI incidence, it should
preferably be performed using clippers [33]. The grade of recommendation
is strong for intravenous antibiotic prophylaxis and skin decontamination by
chlorhexidine.
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2.2.4 Preoperative fluid and electrolyte therapy

Preoperative fluid and electrolyte deficits should be corrected before the patient
reaches the operating room. Its grade of recommendation is strong.

2.2.5 Preoperative fasting and carbohydrate loading

Old school thought of prolonged fasting before major surgeries are being taken out
of recommendations. Nowadays, light meals can be taken 6 hours prior to induction
while clear liquids, specifically carbohydrate drinks (a 12-ounce clear beverage or a 24-g
complex carbohydrate beverage), 2 hours prior to induction [34]. Evidence shows that
it decreases dehydration and hypotension intraoperatively and also decreases insulin
resistance, thus enhancing postoperative metabolism [35]. The grade of recommenda-
tion is strong.

2.3 Intraoperative components
2.3.1 Standard anesthetic protocol

Benzodiazepines should be avoided, and short-acting anesthetic agents should be
used. Propofol should be used for induction of anesthesia. It can be combined with
short-acting opioids such as fentanyl, alfentanil, sufentanil or remifentanil infusions.
This minimizes residual effects at the end of anesthesia. This will allow rapid reversal
[8]. Cerebral monitoring should be done to reduce the risk of delirium.

2.3.2 Intraoperative fluid and electrolyte therapy

Fluid management is crucial to maintaining intravascular volume, cardiac output,
and tissue perfusion. The main aim is to reduce the hydrostatic pressure in pulmonary
capillaries. Before ERAS, there was a restriction in fluid management where the rate
for maintenance fluid was 1-2 ml/kg/hr., with perioperative fluid being <1500 ml or
20 ml/kg/24 hrs. In ERAS protocol, it is always a goal-directed therapy (GTD) for
fluids, which reduces postoperative morbidity and decreases the length of stay in the
hospital. Now balanced crystalloids at a rate of 1-4 ml/kg/hour are the fluid of choice
over 0.9% normal saline (NS) but should be discontinued postoperatively. Again,
liberal fluid management can also harm the patient postoperatively by intestinal
edema and delayed return of bowel movements [36].

2.3.3 Preventing intraoperative hypothermia

Normothermia should be maintained throughout the surgery. This can be done by

warming and humidifying anesthetic gases and warming intravenous and irrigation
fluids.

2.3.4 Drainage of the peritoneal cavity and pelvis
Many published studies do not support the use of the intraperitoneal drain. It has
no effect on clinical outcomes and should not be used routinely. The grade of recom-

mendation is strong.
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2.4 Postoperative items
2.4.1 Nasogastric intubation

Its aim was to reduce postoperative gastric distension and vomiting. A Cochrane
meta-analysis does not support it. It should be used sparingly. If inserted intraopera-
tively, it should be removed before anesthesia reversal [37, 38].

2.4.2 Anesthesia and pain velief

In line with ERAS protocol, pain relief is a multimodal approach that uses regional
anesthesia. It avoids the use of opioids. Relief from postoperative pain decreases
immediate risks of hypoxemia, hypercarbia, increased myocardial work, arrhyth-
mias, and ischemia. Therefore, enhanced recovery pathways must combine multi-
modal enteral and parenteral analgesia with regional analgesia or local anesthetic
techniques. It should also be kept in mind that the impact of an anesthetic agent
on organ function should be minimum. Depth of anesthesia should be appropriate
to avoid an overdose. It is better to use short-acting agents than total intravenous
anesthesia.

Postoperative pain is one of the most important reasons for immobilization,
delayed oral intake, and prolonged hospital stay. Therefore, to avoid these, the
protective role of epidural analgesia has become an essential element in ERAS
protocol. It mainly reduces stress hormones secretion and insulin resistance.
Usually, an epidural catheter is inserted just before the induction or during
surgery; either a continuous infusion (4-10 ml/hr) or intermittent top-up of a
local anesthetic agent (bupivacaine 0.1%) can be given along with a low dose of
opioid (to avoid opioid related systemic side effects) via the epidural catheter.
Usually, the catheter is kept for two days. No other mode of analgesia is required
during this duration, and using another analgesic during those two days is not
recommended.

Apart from this, there are other modalities for pain relief, such as paravertebral
block, serratus anterior plane block, rectus abdominis block, and transversus
abdominis block. However, all these are less proven for pain relief than epidural
analgesia [39].

The surgical aspect of ERAS in pain relief is equally important for a better postop-
erative recovery. Prolonged and open surgeries hamper postoperative mobilization,
pain control, and oral intake and even increase the length of hospital stay. Thus,
minimally invasive approaches are recommended for their effectiveness in reducing
postoperative complications, including hospital stays. It is seen that less tissue han-
dling during surgery improves postoperative recovery [40].

Apart from epidural analgesia, enteral analgesics are also recommended to reduce
pain, postoperative nausea, vomiting, and the start of oral feeds. Enteral analgesics
that can be used are acetaminophen (most commonly) and NSAIDs (avoided in
renal failure, Diabetic patients, and old age patients) [35]. For the facilitation of pain
management protocol in ERAS, a PROSPECT (PROcedure-SPEcific Postoperative
Pain Management) working group was constituted. This collaboration provides
evidence-based, procedure-specific pain management recommendations (Www.
postoppain.org) [41, 42]. This approach improved compliance with pain management
recommendations in an ERAS bundle.
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2.4.3 Thromboprophylaxis

Mechanical thromboprophylaxis and compression stockings or intermittent
pneumatic compression should be advised to all high-risk surgical patients undergo-
ing major surgery (malignancy, hypercoagulable state, steroid use, advanced age,
and obesity) [43-45]. Mechanical thromboprophylaxis should be continued until
discharge.

2.4.4 Postoperative fluid and electrolyte therapy

ERAS states that it should be neither restrictive nor liberal in giving fluid therapy
both intraoperatively and postoperatively. Maintenance fluid should always be given
according to the body weight, with supplementing electrolytes over 24 hrs. Too much
fluid might lead to intestinal edema, resulting in decreased bowel movement and
delayed oral intake. Thus increasing postoperative complications and increased length
of hospital stay [46]. The patient should be encouraged to oral liquids when they are
awake.

2.4.5 Urinary drainage

Urinary catheterization can cause urinary tract infection (UTI), which is directly
related to the duration of catheterization. So, the duration of catheterization should
be individualized based on the risk factor of urinary retention (male gender, epidural
anesthesia, pelvic surgery). In low-risk cases catheter should be removed on the first
day of surgery, whereas in high risk, it should be kept for up to 3 days.

2.4.6 Prevention of postoperative ileus

It is a significant cause of postoperative discomfort and length of hospital stay. The
ERAS items, like limiting the use of opioids and encouraging the use of multimodal
analgesia, minimally invasive surgery, avoiding routine nasogastric tube insertion,
and maintaining goal-directed fluid therapy, can limit the postoperative ileus [6].

2.4.7 Postoperative glycaemic control

The physiological response to surgical injury is insulin resistance which can
persist for several weeks after elective surgery [47]. Hyperglycaemia is a risk factor
for surgery. This can be prevented in the ERAS pathway by giving preoperative oral
carbohydrate loading, laparoscopic surgery, and epidural analgesia.

2.4.8 Postoperative nutritional care

Early oral feeds are another essential element in ERAS protocol that reduces post-
operative complications (postoperative ileus) and length of hospital stay. It also helps
reduce any in-hospital infection. Studies have shown that there is no advantage in
keeping nil by mouth for patients undergoing major surgeries, which instead hampers
fast recovery. However, patients with early oral feeds are also at risk of nausea and
vomiting. To prevent this, a targeted strategy should be planned. Use of anti-emetic
drugs to be adopted and emetogenic drugs (opioids) should be avoided [48].
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2.4.9 Early mobilization

Postoperatively patient has to mobilize as early as possible to avoid pulmonary
complications, reduced muscle strength, risk of thromboembolism, insulin resis-
tance, delayed bowel movements, and prolonged hospital stay [19].

3. ERAS in emergency surgery

This has been proven that ERAS has a defined role in elective surgery [49].
However, the effectiveness of these protocols in emergency abdominal surgeries has
been nominally studied. The protocols that have been clearly defined for elective sur-
geries were not fully applicable in emergency surgeries, and there would be difficulty
in compliance with the set protocols. However, some elements of the ERAS bundle
can be included in emergency surgeries. The recent evidence showed a reduced
length of stay and postoperative complications on implementing even tailored ERAS
protocols in emergency abdominal surgeries [50]. Tailoring of the ERAS protocol can
be done to include only critical items which can facilitate program implementation
in emergency surgery. This has shown better outcomes and a reduction in the cost of
care in emergency surgery. Recent studies have shown that 70% of the ERAS bundle is
required to get the beneficial effects [51-53].

4. Impact of ERAS

ERAS is described as an intention to treat analysis. The compliance rate of ERAS
may vary which depends on different surgical approaches and diseases. Minimally
invasive surgery with minimal tubes and drains is considered a standard of care.

Postoperative pain management is one of the major elements in the ERAS bundle.
It facilitates early ambulation and rehabilitation, ultimately reducing length of
hospital stay [41, 54]. Inadequate postoperative pain relief may lead to chronic pain
development and ultimately increase the readmission rate [54, 55]. The ERAS pro-
tocols reduce the length of hospital stay (3-5 days) as well as a significant reduction
in overall morbidity (Relative Risk of 0.6,95% CI 0.46-0.76), without any higher
readmission rate [56]. In addition to reduced length of hospital stay and morbidity,
there is enhanced recovery, including reduced duration of ileus, preservation of lean
body mass, and a more active lifestyle [57].

5. Conclusion

Enhanced recovery after surgery (ERAS) are specially designed multimodal
perioperative care pathways for a speedy recovery. ERAS pathways are the standard
of care, but their widespread dissemination is still challenging. Some elements of
the ERAS bundle, like minimally invasive surgery and limiting tubes and drains, are
standard of care and are being followed in most of the centers. However, the other
elements of the ERAS bundle, like preoperative carbohydrate loading and postopera-
tive early ambulation, still need to be implemented in routine clinical practice. There
is considerable difficulty in adherence to the complete ERAS bundle. Postoperative
pain management is one of the major elements in the ERAS bundle. Multimodal
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analgesia is the optimal modality for pain control. It facilitates early ambulation

and rehabilitation. It also decreases the duration of ileus and morbidity, ultimately
reducing the hospital stay and readmission rate. Current evidence recommends ERAS
protocol as a whole and not as a few elements within it. However, each item within the
protocol constantly changes over time, depending upon the evidence.
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Chapter 4

Pain Management in Enhanced
Recovery after Emergency Surgery

K. Madan and Ramya B. Sriram

Abstract

Patients presenting with acute abdominal pain frequently need very good
analgesia. In order to obtain successful analgesia, pain should be evaluated, and a
suitable intervention should be performed employing multimodal analgesic
techniques and a minimum dose of opioid with appropriate monitoring as opioids
raise the possibility of the patient being over-sedated, experience hypoventilation,
or possibly aspirate. ERAS protocol is a multimodal and multidisciplinary approach
to peri-operative management which aims for evidence-based reduction of physi-
ological stress, post-operative complications and organ dysfunction, reoccurrence
and mortality whilst also increasing mobility, ultimately leading to early discharge
and better surgical outcomes. Multimodal analgesia has an advantage where dif-
ferent techniques are used to tackle pain by targeting different receptors in the
pain pathway. Here we discuss a number of multimodal analgesic therapies used to
alleviate acute postoperative pain in emergency surgeries, explains their advantages,
and evaluates relevant findings and evidence-based management guidelines.

Keywords: postoperative pain, ERAS, emergency surgeries, opioid sparing,
multimodal analgesia

1. Introduction

Acute postoperative pain is one of the biggest challenges for both surgeons and
anaesthesiologists which affects more than 80% of patients who have surgery with
less than 75% of them reporting its severity [1]. However, the use of opioids for pain
control in the postoperative period is associated with serious adverse effects like
respiratory depression, prolonged hospital stays and opioid addiction on chronic
use which impedes enhanced recovery of the patients [2]. Hence enhanced recovery
after surgery (ERAS) society has given many guidelines specific to various surgeries
which advocates the use of multimodal opioid sparing techniques as they prevent the
above-mentioned side effects and helps in early mobilisation and fast return of bowel
movements, especially in emergency surgeries [3].

2. Multimodal opioid sparing analgesic techniques

Ideally multimodal analgesia for enhanced recovery should start pre-emptively
which prevents central sensitization occurring from incisional and inflammatory
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injury in the perioperative period. Due to the noxious input brought on by the surgical
procedures, the CNS becomes hyperactive, which causes pain hypersensitivity and
hyperexcitability (prolonged response of the neurons after tissue damage) which
when not treated early may lead to chronic pain. When there is total multi-segmental
blockage of unpleasant stimuli and its extension into the postoperative period, the
greatest therapeutic improvement is seen. The intensity of immediate postoperative
pain/hyperalgesia and chronic pain after surgery might theoretically be decreased or
perhaps completely eliminated by preventing central sensitization with comprehen-
sive multimodal analgesic interventions [4, 5].

Multiple strategies and drug classes can be used to control postoperative pain and
to allow early mobilisation, enteral nutrition, and to decrease the perioperative stress
response. Different techniques like patient education, local anaesthetic-based techniques
(local infiltration, peripheral nerve blocks, and neuraxial analgesia), and a combination of
analgesic drugs that act via different mechanisms on different receptors can be used [6].

These strategies collectively help in enhanced recovery of the patient and reduces
hospital stay.

2.1 Non opioid pharmacological techniques
2.1.1 Acetaminophen

It acts via activating descending serotonergic pathways in the CNS and inhibit-
ing prostaglandin synthesis [7]. When administered intravenously, onset of action
is 5 minutes and peak plasma concentrations is attained within 15 minutes [8, 9].
Due to its minimal side effects and varied availability, this drug is widely used in the
perioperative period. However, exceeding maximum daily dose of 4 grams in adults
and 2-3 grams in frail adults can lead to dose dependant hepatotoxicity and poison-
ing [10]. When used with NSAIDS, opioid requirement was reduced by 20% [11]. In
a study done by Moon et al. with 76 women undergoing abdominal hysterectomy,
use of acetaminophen showed reduced requirement of opioid and its associated side
effects [12]. Similar results were seen in the RCT study done by Unal et al., in patients
undergoing open nephrectomy [13].

2.1.2 Nonsteroidal anti-inflammatory drugs

The mechanism of action is inhibition of cyclooxygenase (COX) and synthesis
of prostaglandins, which are mediators of peripheral sensitization and hyperalgesia.
The COX1 and COX 2 isoforms act peripherally whereas COX3 isoform acts centrally
[14]. COX-1 produces prostaglandins, which are important for general functions such
as gastric protection and haemostasis. Whereas COX-2, produces prostaglandins that
mediate pain, inflammation, fever, and carcinogenesis.

A systematic review of randomised trials was conducted which showed very clear
benefits for selective COX2 inhibitors in reducing postoperative pain and further
requirement of analgesia [15]. However, they should not be used in patients with a
known history of coronary artery disease or cerebrovascular disease.

NSAIDs significantly decrease opioid-related side effects such as postoperative
nausea and vomiting and sedation [16].

The optimal dose of ketorolac (COX1 Inhibitor) for postoperative pain control is
15-30 mg intravenously every 6-8 hours (not to exceed 5 days). However, patients
with renal dysfunction should receive a lower dose.
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The recommended oral loading dose for Celecoxib (COX-2-specific inhibitor) isa
400 mg followed by 200 mg orally every 12 hours. The dose of injectable COX-2-spe-
cific inhibitor parecoxib is 40 mg intravenously or intramuscularly initially followed
by 20-40 mg every 4-6 hours not to exceed 80 mg/day.

The nonselective NSAIDs may be avoided during the perioperative phase for
a number of reasons, including platelet dysfunction, bronchospasm, gastrointes-
tinal ulcers, and an increased risk of nephrotoxicity especially in patients with
hypovolemia, congestive heart failure, and chronic renal insufficiency because
prostaglandins dilate the renal vascular beds and mediate diuretic and natriuretic
renal effects [17].

Ibuprofen IV and intranasal ketorolac are two newer NSAID formulations that
have been approved for the treatment of immediate postoperative pain.

A meta-analysis done by Martinez et al. showed efficacy best with a-2 agonists,
NSAIDs and COX-2 inhibitors when used alone and least with tramadol and acet-
aminophen [18].

In order to avoid systemic side effects transdermal patches can be used which have
proven as efficacious as other routes of administration. In the study done by Bhargava
et al., it is seen that diclofenac sodium patch proved to be as effective as diclofenac
sodium intramuscular injection in post operative analgesia. With added advantages of
longer onset of action, lesser local side effects like skin erythema, pruritis, oedema,
abscess and necrosis and lesser gastrointestinal effects [19].

2.1.3 N-methyl D Aspartate (NMDA) Receptor Antagonists

The spinal cord N-methyl-D-aspartate (NMDA) receptors are activated by gluta-
mate when C-fibre nociceptors fire repeatedly. Central sensitization results from the
activation of NMDA receptors, which makes spinal cord neurons more receptive to all
of their inputs thus causing prolonged postoperative pain.

Ketamine acts by non-competitively inhibiting NMDA receptors [20]. It also
interacts with opioid, cholinergic, and monoaminergic receptors and blocks sodium
channels [21]. Ketamine reduces postoperative pain significantly and also reduces
opioid tolerance [22] and rescue analgesic requirements and pain intensity [23]. Ina
systematic review, it was discovered that IV ketamine for postoperative analgesia was
an efficient adjunct, especially in patients undergoing major upper abdominal, tho-
racic, and orthopaedic surgeries [24]. Low-dose ketamine (0.25-0.5 mg intravenous
bolus followed by an infusion of 2-4 pg/kg/min) can provide significant analgesia and
is opioid-sparing.

Major side effect of ketamine is its impact on cognitive level (such as hallucina-
tions, vivid dreams, diplopia, blurred vision, nystagmus, or dysphoria) of the patient
which is usually not seen when administered in analgesic doses [25].

Dextromethorphan also acts by non-competitively inhibiting NMDA receptors.
However, it poses a variety of side effects like nausea and vomiting (oral preparation)
and hypotension and tachycardia (on large intravenous does). Hence intramuscular
route od administration is preferred.

Magnesium also acts by non-competitively inhibiting NMDA receptors. A study
done by Albrecht et al. showed that when magnesium was given intravenously
peri-operatively, it could reduce opioid consumption, and also pain scores, in the
first 24 hrs postoperatively, without any serious adverse effects [26]. Two different
meta-analysis showed that magnesium showed reduction of pain both at rest and on
movement with reduced postoperative requirement of opioids [27, 28].
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2.1.4 Gabapentinoids

These were earlier developed as anti-epileptic drugs for the treatment of partial
onset seizures which was later found to have analgesic properties and hence was used
in neuropathic pain (e.g., postherpetic neuralgia), and other chronic pain states (e.g.,
fibromyalgia). These drugs have been recently used for acute perioperative pain relief
also. These opioid sparing analgesics also have added advantage of reduced incidence
of postoperative vomiting, pruritus, and urinary retention.

Tissue damage makes dorsal horn neurons hyperexcited which is decreased by
gabapentinoids. They bind presynaptically with calcium receptors (both in central
and peripheral nervous system) thus redistributing the calcium channels away from
its functional membrane bound site to its non-functional cytosolic site [29, 30].

The dose given to manage postoperative pain in an adult is 900 mg of gabapentin
orally, 1-2 hours before surgery [31]. A saturable transport system in the gastroin-
testinal tract allows for the absorption of gabapentin, which results in a decline in
bioavailability with increasing doses. As a result, as the drug dose is raised, the plasma
drug concentration grows gradually less (e.g., nonlinear pharmacokinetics [32].

Pregabalin has better potency and lesser side effects compared to gabapentin for
the treating of acute perioperative pain. A RCT study showed that when pregabalin
was given at a dose of 150 mg twice daily, it reduced preoperative anxiety and postop-
erative pain scores and analgesic requirement with better sleep quality [33]. A study
done by Bekawi et al. showed that pregabalin when given perioperatively per orally
with a dose of 150 mg, it proved to be very effective for postoperative pain when
compared to pethidine [34].

2.1.5 Intravenous lidocaine

Lidocaine, an amide local anaesthetic and class 1b antiarrhythmic, when given
intravenously inhibits voltage-gated sodium channels, voltage-gated calcium chan-
nels, various potassium channels, NMDA receptors, glycine system, and G protein
pathways [35] and thus prevents hypersensitization and hyperalgesia [36].

Numerous clinical investigations indicate that perioperative systemic lidocaine
administration reduces the release of pro-inflammatory cytokines caused by surgical
stress [37-39].

Some studies showed that when lidocaine infusion with dose 2 mg/kg/hr. was given
intraoperatively and postoperatively for 8 hrs in patients undergoing laparotomy or
laparoscopic abdominal surgery, there was quicker return of bowel movements and
reduced postoperative pain, hence reduced need of opioid consumption [40-42].

However, some studies have reported a few adverse drug reactions associated with
systemic lidocaine administration like drowsiness, perioral numbness, nausea and
blood pressure changes [43]. Systemic lidocaine showed be used cautiously in patients
with cardiac arrhythmias.

Lidocaine is also available as transdermal patches which when applied on the
laparoscopic port sites reduced postoperative pain [44].

2.1.6 Alpha-2 agonists

Analgesia is primarily mediated by presynaptic stimulation of alpha 2-receptors,
which causes a reduction in the release of norepinephrine. Analgesia works at 3 sites,
supraspinally (locus coeruleus), spinally (substantia gelatinosa), and peripherally.
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Both clonidine and dexmedetomidine are selective partial agonists for the
a2-adrenoreceptor, but the latter is 8 times more selective than the former.

Analgesia is seen supraspinally (locus coeruleus), spinally (substantia gelatinosa),
and peripherally [45].

Dexmedetomidine has advantages over clonidine analgesia, titratable sedation
(e.g., “cooperative sedation”), anxiolysis, cardioprotective, prevent respiratory
depression associated with ketamine and opioid [46]. Loading dose of dexmedeto-

midine is 1 pg/kg intravenous over 10 minutes and maintenance dose is infusion of
0.2-0.7 pg/kg/hr [47].

2.1.7 Glucocorticoids

Analgesic effect mainly occurs due to by inhibiting leukotriene and prostaglandin
production.

A recent study done by Koc et al. showed that when dexamethasone (8 mg intra-
venously) and gabapentin (800 mg orally) were administered together 1 hour prior to
varicocele surgery, postoperative analgesia was much better [48].

2.1.8 Surgical site infiltration

Intraperitoneal local anaesthetics- Here the local anaesthetic is sprayed in the right
subdiaphragmatic region in patients undergoing laparoscopic cholecystectomy at the
beginning of the procedure. Many trials have shown significant positive results prov-
ing its efficacy extending to postoperative period. Local anaesthetics like lidocaine
or bupivacaine can be used in different concentrations and volume [49, 50]. It has
also been efficacious in other laparoscopic surgeries like gynaecological laparoscopy,
sterilisation, fundoplication, appendectomy, etc. with postoperative analgesia upto
24 hours and reduced analgesia consumption by 50% [51].

Trocar and port site infiltration with local anaesthetics- Many studies have shown
that trocar and port site infiltration of local anaesthetic in various layers of the
abdominal wall is very helpful like in the preperitoneal or subfascial or subcutane-
ous layers [52-54]. A study done by Candiotti et al., used opioid-based intravenous
patient-controlled analgesia (PCA) and liposome bupivacaine in patients undergoing
laparoscopic colectomy. Here long-acting liposomal formulation of bupivacaine is
infiltrated in the surgical site. This technique proved to show lower requirement of
opioid and shorter duration of hospital stay [55].

2.2 Preoperative patient pain education and preparedness

Literature shows that postoperative pain remains undertreated despite decades of
education and evidence-based guidelines [56]. Counselling and educating the patient
and their family both preoperatively and postoperatively regarding the pain and its
management plays a pivotal role in reduced pharmacological means of analgesia,
especially opioids and sedatives [57].

2.3 Neuraxial analgesic techniques

Epidural analgesia is a key component of multimodal analgesia which can either
be given as single shot dose or continuously with a catheter placed in situ. Successful
epidural analgesia depends on a number of factors like site of catheter insertion,
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choice of analgesic drugs, rates of infusion, duration of analgesia, and type of pain
(rest or dynamic).

Epidural analgesia works by, spinal and supraspinal mechanism. Spinal mecha-
nism occurs when the drug diffuses into cerebrospinal fluid.

Better analgesia is seen when a local anaesthetic is combined with an opioid for epi-
dural analgesia because when given epidurally opioid is devoid of significant sympa-
tholytic and motor blockade and also the combination has synergistic effect. Adjuncts
like clonidine and ketamine can also be added to improve duration and efficacy.

Epidural analgesia is contraindicated in a few conditions like severe coagulation
abnormalities like disseminated intravascular coagulation. Cautious use in case of sep-
sis, increased intracranial pressure, thrombocytopenia, pre-existing central nervous
system disorder, previous back surgery, pre-existing neurologic injury, back pain, etc.

Extended-release epidural morphine was also found effective for lower abdominal
surgeries where the opioid, morphine in in a liposome delivery system. This system
controls the release of morphine over a period of 48 hours postoperatively [58].

Intrathecal analgesia is a also widely accepted especially with opioids [59]. Other
adjuncts can also be used like o2-agonists, NSAIDs, NMDA receptor antagonists,
acetylcholinesterase inhibitors, adenosine, epinephrine, and benzodiazepines.

2.4 Peripheral nerve blocks

There are numerous peripheral nerve blocks that enhance analgesia for both
intraoperative and postoperative pain due to abdominal surgeries (both laparoscopic
and laparotomy). These blocks can either be performed under landmark technique
or ultrasound guided. Some of the blocks that will be discussed in brief with respect
to abdominal surgeries are transversus abdominis plane (TAP) block, paravertebral
block, rectus sheath block, quadratus lumborum block, ilioinguinal and iliohypogas-
tric block, erector spinae and other interfascial blocks.

2.4.1 Transversus abdominis plane (TAP) block

Four major muscles are considered with respect to transversus abdominis plane
(TAP) block. The transversus abdominis plane contains T6-L1 thoracolumbar nerves
which supply sensitivity to the skin and muscles of the anterior abdominal wall,
upper hip, groin, and thigh.

The landmark technique block is performed at the level of the Petit triangle
(formed by the iliac crest as the inferior border, the latissimus dorsi as the posterior
border, and the external oblique as the anterior border) with patient in supine
position. The local anaesthetic is deposited when 2 pops are felt while advancing the
needle in the triangle of petit.

There are various approaches to ultrasound guided TAP block like subcostal,
lateral and posterior approaches.

A meta-analysis done by Yu n et al. showed that 24 hours VAS score in patients
with TAP block was much less compared to patients who were given local wound
infiltration [60]. A meta-analysis done by Zhao et al. showed that TAP block used in
laparoscopic surgeries reduced the analgesic requirement postoperatively [61].

2.4.2 Rectus abdominus block

Rectus sheath is formed mainly by the aponeurosis of 3 main abdominal wall
muscles (external oblique, internal oblique and the transversus abdominis muscles)
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which thus surrounds the rectus abdominus muscle. This sheath contains nerves from
ventral rami arising from T7 to T11 intercostal nerves and the subcostal nerve (T12).
This block is mainly useful in umbilical surgeries. This block is best performed under
ultrasound guidance. With the transducer placed in the midline at the level of the
umbilicus, the needle is passed through the rectus abdomnus muscle till the tip is on
the posterior rectus sheath. Where the local anaesthetic is deposited.

In the study done by Kartaloy et al., the results showed that the patients who
received rectus abdominus muscle block for abdominal surgeries requiring general
anaesthesia had lower pain scores and reduced need for morphine when compared to
patients who were given general anaesthesia alone [62].

In a study done by Gunaney et al., ultrasound guided rectus abdominus block
was better than surgical site infiltration of local anaesthetic in patients undergoing
umbilical hernia surgeries [63].

2.4.3 Ilioinguinal/iliohypogastric nerve block

Both these nerves arise from L1 supplies sensory inputs to the skin of the lower
abdominal wall, upper hip and upper thigh. This block has shown good analgesia in
inguinal hernia surgeries especially in children.

In a study done on cadavers showed 95% successful block rates done under ultra-
sound guidance compared to blind technique [64].

A study done by Demirci et al. showed that this block done under ultrasound
guidance for adult herniorrhaphies is better than landmark technique for providing
postoperative analgesia [65].

2.4.4 Thoracic paravertebral block

This block is mainly useful for breast and thoracic surgeries but can also be used
for upper abdominal surgeries when given at the level T6-T12 for providing postop-
erative analgesia.

Studies were done where sole thoracic paravertebral block was compared to spinal
anaesthesia for inguinal hernia surgeries which showed lower pain scores in the early
postoperative period [66-69].

A study was done by Kaya et al. comparing the efficacy of thoracic paravertebral
block and transversus abdominis plane block as adjunct where the former proved to
be better as postoperative analgesia. This block has given good results also for chole-
cystectomy (both open and laparoscopic) [70-72] and ventral hernia surgeries and
other urological and gynaecological procedures.

2.4.5 Erector spinae plane (ESP) block

It is an inter-fascial plane, where the local anaesthetic when deposited affects both
the ventral and dorsal branches of the thoracic spinal nerves and the rami communi-
cants that contain sympathetic nerve fibres. When given for abdominal surgeries at
the level of T7, it gives both visceral and somatic analgesia. When administered the
local anaesthetic spreads in both cranial and caudal directions [73, 74].

A study done by Altiparmak et al., showed erector spinae plane (US-ESP)
block given under ultrasound guidance reduced the opioid requirement and pain
scores postoperatively compared to TAP block for laparoscopic cholecystectomy
cases [75].
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2.4.6 Quadratus lumborum (QL) block

It is an interfascial block where the local anaesthetic is administered in thora-
columbar fascia which encloses quadratus lumborum, psoas major, and the erector
spinae muscles which extends from T6-L1 [76].

This local anaesthetic provides blockade to referred dermatome.

Many case reports are published proving its efficacy for postoperative analgesia
in major laparotomies. Two case reports done by Kadam et al. showed that QL block
when given for open right hemi colectomy with a midline incision and laparotomy for
duodenal tumour excision as a component of multimodal analgesia showed signifi-
cant reduction of dynamic pain scores in the subsequent postoperative period [77, 78].

Another case report was done for a patient undergoing subtotal colectomy for
ulcerative colitis where the patient received transmuscular QL block on the left side
and TAP block on the right side (right side as control). It was found that sensation on
the left side from T8-L1 was reduced and persisted for 48 hours while on the right side
the sensation reduced from T10-L1 which only lasted for 48 hours.

2.5 Cognitive behavioural therapies (CBT)

Along with pharmaceutical medications, it can be employed as a component
of multimodal pain control during the healing process (weak recommendation).
The stress associated with anxiety for surgery aggravates pain and this will become
avicious cycle. Hence different types of cognitive behavioural therapies act like
adjuncts in alleviating pain. The various types of cognitive behavioural therapies are
music therapy, relaxation techniques, guided imagery, intraoperative conversation
with patient, hypnosis, electro analgesia in the form of transcutaneous or peripheral
electrical nerve stimulation and acupuncture [79-81].

Music therapy alleviates pain by attention shift or cognitive coping [82]. Role
of music in the postoperative period was studied by Hole et al. in the form of a
systematic review. It was seen that patients who used music with noise cancelling
headphones during trans rectal biopsy were found to have lesser pain scores com-
pared to use of noise-cancelling headphones alone [83]. Another analysis done with
73 randomised controlled studies and 20,458 patients showed that music reduced
both post-operative pain and anxiety and hence increased patient satisfaction scores.
Music therapy was also seen to be beneficial when patients were under general anaes-
thesia [84]. However, more research is necessary for establishing evidence on the type
and duration of music therapy for adequate opioid sparing.

A randomised control trial done in patients undergoing breast cancer surger-
ies showed the reduced requirement of propofol and lidocaine when these patients
underwent clinical hypnosis [85].

3. Conclusion

Good perioperative pain control is the key for early recovery in enhanced recov-
ery after surgery (ERAS) especially in emergency surgeries. It is important for the
clinicians to have patient-oriented strategies for the overall faster recovery of these
patients. It is crucial to begin pain relief therapy before the surgery because patients
scheduled for emergency surgeries already endure excruciating pain. Hence for
early recovery opioid sparing multimodal analgesia management should be followed
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as advocated by ERAS. Use of multiple modalities in treating perioperative pain
helps reduce the dose and side effects of a single drug or modality. This strategy has
been demonstrated to enhance prospects for these patients with very high risks.

Use of regional anaesthetic procedures should be promoted as improved results are
observed. The goal here should be to provide appropriate and safer pain management
methods to reduce perioperative pain.
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Abstract

Caesarean section is associated with moderate to severe postoperative pain during
the first 24 hours after surgery. Inadequate pain management can influence recovery,
maternal psychological well-being and breastfeeding. In the search of alternatives to
minimize the use of systemic opioids, new recommendations have been made to imple-
ment protocols to improve recovery after caesarean section, with multimodal analgesia,
new suggestions for neuraxial techniques, regional analgesia with ultrasound-guided
fascial plane blocks and non-pharmacological approaches. Some of the interventions,
such as epidural or spinal blocks, although effective, carry a significant risk of complica-
tions (for example post-puncture headache). In their place, newer alternatives such
as interventions guided by ultrasound are safe and effective for relieving pain in this
common clinical context. The goal of this chapter is to provide clinicians with up-to-date
evidence for optimal pain management after elective caesarean section.

Keywords: caesarean section analgesia, pain after caesarean, multimodal analgesia,
systemic opioids, regional blocks

1. Introduction

Caesarean section is the most performed surgical procedure in the world. This
procedure is associated with moderate to severe postoperative pain during the first
24 hours after surgery. Inadequate pain management can influence recovery, maternal
psychological well-being and breastfeeding. A core principle of successful postopera-
tive analgesia is implementation of multimodal analgesia, and the caesarean section
is no exception to the rule. The most effective and evidence-based intervention for
effective postoperative analgesia for caesarean section is the use of neuraxial tech-
niques such as epidural block, subarachnoid block or combined techniques, where
morphine has played a fundamental role in analgesia in this surgery combined with
non-steroidal anti-inflammatory drugs (NSAIDs) and acetaminophen [1]. However,
there are multiple factors that may cause a patient to experience discomfort or pain
during caesarean section, some of which are preventable and must certainly be
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Preoperative

Intraoperative

Postoperative

Surgical technique

e Intrathecal (IT)
long-acting
opioid morphine
50-100 pgor IT
diamorphine
(up to 300 pg)
(Grade A).

Epidural morphine
1-3 mg or diamor-
phine up to 1-3 mg
may be used as an
alternative, for
example, when an
epidural catheter
isused as part of a
combined spinal-
epidural technique
(Grade A)

« Intravenous (IV) paracetamol
if not administered pre-
operatively (Grade A)

¢ [V NSAIDs (Grade A)
¢ IV dexamethasone (Grade A)

« If IT morphine is not used,
local anaesthetic wound
infiltration (single-shot) or
continuous wound infusion
and/or regional analgesia
techniques [fascial plane
blocks such as transversus
abdominis plane blocks and
quadratus lumborum (QL)
blocks] (Grade A)

* Oral or IV paracetamol
(Grade A)

¢ Oral or IV NSAIDs
(Grade A)

* Opioid for rescue or
when other recom-
mended strategies
are not possible (e.g.,
contra-indications to
regional anaesthesia)
(Grade D)

¢ Analgesic adjuncts
include transcutane-
ous electrical nerve
stimulation (TENS)
(Grade A)

¢ Joel-Cohen incision
(Grade A)

¢ Non-closure of
peritoneum
(Grade A)

Adapted from Roofthooft et al. [2].

Table 1.

Overall recommendations for pain management in patients undergoing planned caesarean section.

managed. Therefore, knowing the updates on postoperative pain management in
caesarean section gives us tools that allow us to manage pain in specific scenarios and
individually. The most recent guidelines for the management of specific postoperative
pain in caesarean section have been published by the Prospect Group [2], and their
recommendations have been summarized in Table 1.

2. Multimodal analgesia

2.1 Acetaminophen

Acetaminophen is one of the most prescribed analgesics worldwide, it has an
excellent safety profile and relatively few adverse effects. Its action mechanism for
inhibiting acute postoperative pain has not been elucidated completely, however, it
is believed to inhibit the cyclooxygenase (COX) enzyme and modulate the recep-
tors Transient Receptor Potential Vanilloid 1 (TRPV1) and Cannabinoid 1 (CB1)
in the midbrain, medulla and spinal cord which are mediators of pain modulation.

It is usually administered via oral or IV routes, there is no difference in area under
the curve and t¥2 between both routes, thereby being effective for analgesia in both
presentations [3]. Recent guidelines establish that acetaminophen should be admin-
istered preoperatively (most easily oral), intraoperatively and should be continued in
the postoperative period [4]. Established doses are 1000 mg every 6-8 hours, with a
maximum established dose of 4000 mg per 24 hours [5].

2.2 Nonsteroidal anti-inflammatory drugs

NSAIDs are analgesic, antipyretic and anti-inflammatory drugs that inhibit the
COX pathway of prostaglandin production [6]. Specifically, prostaglandin E2 and
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F2a result in the sensitization of nociceptive nerve fibres to painful stimuli following
tissue injury, NSAIDs cause a reduction in their synthesis and therefore analgesia [7].
There are no clear differences in analgesic efficacy between equipotent doses of dif-
ferent NSAIDs, the most used are ketorolac (IV) and ibuprofen (oral). These should
be started in the intraoperative period (after delivery) and continued in the postop-
erative period. Their use in this patient population is well established, a meta-analysis
by Zeng et al. [8] demonstrated that the perioperative use of NSAIDs in caesarean
delivery patients resulted in significantly lower pain scores, less opioid consumption
and less drowsiness/sedation.

2.3 Dexamethasone

Dexamethasone is a corticosteroid that has potent inhibitory effects on local
inflammatory mediators and multiple pain pathways. It is a well-established anti-
emetic and is recommended in guidelines as prophylaxis for postoperative nausea
and vomiting [9]. Recent evidence highlighted by a meta-analysis (that included
multiple randomized control trials analysing patients having caesarean sections)
reported a significant reduction in 24-hour morphine consumption and prolongation
of time to first analgesic request with intraoperative dexamethasone use as part of a
multi-modal analgesic regimen [10]. Dexamethasone does increase blood glucose but
the clinical significance is small, caution should be exercised in patients with glucose
intolerance or diabetes, and the risk for other adverse events after surgery is minimal
[11]. The general recommendation is a single dose of 8-10 mg intraoperatively, higher
doses have not been proven to be of added benefit [2].

2.4 Neuraxial analgesia

Neuraxial techniques are considered the cornerstone of pain management after
caesarean section, since the relief reported by the patients compared to other tech-
niques is superior. Kaufner et al. [12] compared three strategies of postoperative
analgesia after caesarean section in 199 women who were randomized into three
groups: the IT group, the epidural group and the patient-controlled epidural analgesia
(PCEA) group. They reported analgesia less effective with PCEA (continuous infu-
sion and epidural bolus controlled by the patient-PCEA of ropivacaine 0.1% bolus
and sufentanil 0.5 mg/ml) compared with 3 mg epidural morphine and 0.1 mg spinal
morphine in terms of pain relief. IT morphine had a better analgesic-sparing effect
than epidural morphine. In this study, low dose and concentration of local anaesthetic
in the PCEA group might explain this difference, and more evidence would be neces-
sary to conclude.

However, recently in a systematic review [13] that included 54 randomized con-
trolled trials (RCT) (3497 patients), the prevalence of inadequate neuraxial anaesthe-
sia for elective caesarean section was 14.6% (95% CI 13.3-15.9%). The prevalence of
conversion to general anaesthesia was 0.06% (95% CI 0.0-0.2%). Spinal/combined
spinal-epidural anaesthesia was associated with a lower overall prevalence of inade-
quate neuraxial anaesthesia than epidural anaesthesia (10.2% vs. 30.3%, respectively)
(95% CI 9.0-11.4% and 26.5-34.5%).

When the combined epidural-spinal block without morphine is selected as an
anaesthetic strategy, it is always important to consider that the epidural may be
insufficient for analgesia. Further management strategies are needed to optimize the
treatment when inadequate or insufficient epidural analgesia occurs [1]. Pain after

59



Topics in Postoperative Pain

caesarean section under neuraxial anaesthesia represents a challenging clinical situ-
ation, where the anaesthesiologist will need to make swift decisions. It is important
to explain to the woman possible rescue modalities if the neuraxial block is providing
sub-optimal analgesia. Attention must be paid when the patient reports pain and an
immediate change of plan must be made. A sensitivity test with pinprick and/or cold
pressure should be performed during continuous anaesthetic local infusion. In case of
insufficient analgesia (e.g. patched analgesia) the addition of epidural morphine or an
opioid should be the first consideration. If the catheter does not work, the analgesic
strategy may be the use of IV opioids or ultrasound-guided regional techniques [14].
Seki et al. [15] in 66 RCTs comprising 4400 patients undergoing caesarean
section, compared with placebo, IT opioids (fentanyl, sufentanil and morphine)
significantly prolonged the analgesia duration by 96, 96 and 190 minutes, respectively
(mean difference). Although morphine ranked first, the efficacy of opioids was simi-
lar. Except for diamorphine, all opioids were associated with significant increases in
the incidence of pruritus. Sufentanil and morphine were associated with increases in
the incidence of respiratory depression. However, the use of IT or epidural morphine
has been shown in several investigations to significantly optimize postoperative pain
scores. Recently, the recommended dose of IT morphine has been reduced to 100 pg
or lower doses resulting in adequate analgesia with fewer side effects [2, 16, 17].
Sharawi et al. [18] reported the safety of IT morphine for caesarean section with low
incidence of respiratory depression, however, caution is especially required when
IT morphine is used in morbidly obese patients. It is important to consider that
morphine presents specific side effects (pruritus, nausea and/or vomiting) that may
require specific monitoring, prophylaxis or interventions [19, 20]. The NICE guide-
lines have recommended IT diamorphine as an alternative to IT morphine. The dose
spinal is 300 pg, and the epidural dose is 2-3 mg [2, 18, 21].

2.5 Regional blocks
2.5.1 Transverse abdominal plane block

The transverse abdominal plane (TAP) block involves injection of local anaesthetic
into the fascia between the internal oblique muscle and transversus abdominis muscle,
blocking the afferents of thoracolumbar nerves originating from the T6 to L1 spinal
roots that run through the same fascia and innervate the anterolateral abdominal wall
[22]. The safest and most efficient method of performing the TAP block is by real-time
ultrasound guidance. A major disadvantage of the TAP block is that it doesn’t provide
visceral analgesia [23]. It is recommended as an analgesia adjunct of multimodal
analgesia for patients having caesarean section and not receiving neuraxial morphine
for any reason (e.g. general anaesthesia) [2]. The previous recommendation is based
on information obtained from a recent meta-analysis, Champaneria et al. [24] state
that TAP blocks significantly reduce pain and postoperative morphine consumption
at rest both when compared with placebo or no TAP blocks, however, this significance
is lost when compared to IT morphine or given in co-administration. Contrary to
this, a recent network meta-analysis by Ryu et al. [25] concluded that combined
IT morphine in conjunction with ilioinguinal-iliohypogastric nerve and anterior
transversus abdominis plane block was the most effective post-caesarean analgesic
strategy with lower rest pain at 6 hours and cumulative 24-hour morphine consump-
tion. Additionally, other effective options for effective analgesia were IT morphine,
ilioinguinal-iliohypogastric nerve block with IT morphine, lateral TAP block, and
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single shot or continuous wound infiltration (CWI). Ng et al. [26] analysed in a meta-
analysis the difference between high-dose or low-dose local anaesthetic (bupivacaine
equivalents >50 or <50 mg per block side, respectively) and demonstrated no differ-
ence in postoperative opioid consumption or pain scores after caesarean delivery. It is
recommended to use low-dose local anaesthetic preparations for TAP blocks because
of alack of evidence of more effective analgesia with higher doses and to diminish the
risk of local anaesthetic toxicity in this vulnerable patient population.

2.5.2 Quadratus lumborum block

The QL block involves the injection of local anaesthetic into one of three fascial
planes adjacent to the QL muscle (anterior, middle or posterior layers) which com-
prise part of the thoracolumbar fascia (TLF). The action mechanism of this block is
believed to be through blockade of nociceptive and sympathetic neurons that traverse
the TLF and by a possible spread to the paravertebral space with somatic nerve and
sympathetic trunk blockade [27, 28]. It is believed to provide somatic and visceral
analgesia, usually between T7 and L1 dermatomes.

The QL block appears to be effective for postoperative analgesia after caesarean
section. A recent meta-analysis de Tan et al. [29] found that in postoperative caesarean
section, QL block reduced 24-hour opioid consumption (mean difference —10.64 mg
morphine equivalents; -16.01 to -5.27), reduced dynamic pain at 6 hours and static
pain and opioid consumption at 6 and 12 hours compared to controls.

Verma et al. compared the analgesic efficacy of QL block and TAP block after cae-
sarean section. Their main findings were time for rescue analgesic requirement was
significantly prolonged in patients with QL block (68.77 + 1.74 hours) compared to
patient with TAP block (13.3 + 1.21 hours). The QL block group had significantly less
analgesic demand (P < 0.001) at 2, 4, 6, 12, 24, 36, 48 and 72 hours postoperatively
[30]. A more recent RCT compared the efficacy of ultrasound-guided TAP block
and QL block on postoperative pain after caesarean section. The results favoured the
efficacy of QL block with 15% of patients with QL block and 77% of patients with
TAP block requiring rescue analgesia (P < 0.001). Significant differences in pain
scores at 6, 8, 10, 12, 16 and 20 hours postoperatively, by 24 hours postoperatively the
difference ceased to be statistically significant. Time to rescue analgesia in QL group
was 1353 minutes (+224.07) and TAP group was 915 minutes (+391.62) (P < 0.001)
[31]. Although evidence appeared promising that the QL block is more effective than
the TAP block for postoperative pain after caesarean section, a recent meta-analysis
found that QL block and TAP block were equivalent and superior in their analgesic
efficacy relative to inactive control for up to 48 hours and that QL block was not
associated with a reduction in 24-hour IV morphine equivalent consumption when
compared with TAP block [32]. Recent guidelines recommend QL block as an option
as part of a multi-modal analgesic strategy if IT morphine is not used [2].

2.5.3 Continuous wound infiltration

CWT is an analgesic technique that uses a multiorifice catheter placed at the surgi-
cal site and connected to an elastomeric infusion pump that delivers a constant, fixed-
rate infusion of medications (usually local anaesthetics) to surrounding cutaneous
nerves. For caesarean delivery, catheter placement is either between rectus fascia and
subcutaneous tissue or deep into the fascia [23]. Many RCTs have demonstrated the
benefit of this technique for postoperative analgesia. A recent randomized controlled
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double-blind study of 69 patients concluded that morphine consumption was signifi-
cantly lower in the infusion group (21.52 mg + 21.56) compared to the placebo group
(29.57 mg + 22.38; 95% CI [—18.8 to 2.76]; P-value = 0.047). No significant differences
were observed in pain evaluated by visual analogue scale (VAS), except for pain at
mobilization 6 hours after surgery (ropivacaine vs. placebo: 3.90 + 2.66 vs. 5.36 + 2.55;
P-value = 0.030) [33]. Recent guidelines reccommend CWI as an option as part of a
multi-modal analgesic strategy if IT morphine is not used [2].

2.5.4 Erector spinae plane block

The erector spinae plane (ESP) block involves injection of local anaesthetic into
the fascial plane of the TLF at the transverse process of the vertebrae [34]. The action
mechanism is believed to be the spread of local anaesthetic through connective tissue
and ligaments towards the costotransverse foramen and having a direct effect on the
ventral and dorsal nerve roots of the spinal nerves corresponding to different thoracic
segments. Another theory is blockade of communicating rami and the sympathetic
chain to produce visceral analgesia [35].

Considering the probable visceral analgesia provided by the ESP block, it may
have potential use in obstetric patients for postoperative analgesic management. In
comparison with IT morphine for analgesia after elective caesarean delivery under
spinal anaesthesia in an RCT [36], ESP block delayed the time to first analgesic
request (4.93 + 0.82 hours in the ITM group and 12 + 2.81 hours in the ESP group) and
significantly lowered tramadol consumption 101.7 + 25.67 mg in IT morphine group,
44 + 16.71 mg in ESP block group). This study also found significantly reduced VAS
scores in the postoperative period (0-24 hours), however, the average reduction was
0.25 units which should not be considered clinically significant.

A recent meta-analysis [37] reported that there was no statistical difference in pain
in the first 24 hours of the postoperative period when comparing ESP block to other
interfascial blocks and IT morphine. However, ESP block showed a lower consump-
tion of tramadol (mean difference = —47.66; 95% CI -77.24 to -18.08; 1 2 = 59%;
very low certainty) and longer blockade duration (mean difference = 6.97; 95% CI
6.30-7.65; 12 = 58%); very low certainty), although the quality of evidence of these
outcomes was very low.

A recent RCT [38] compared ESP block before induction of general anaesthesia
for caesarean delivery versus conventional management with an IV analgesic regimen
in the postoperative period. The ESP block group required less patient-controlled IV
analgesia boluses (P < 0.001), had lower VAS scores and higher Bruggeman comfort
scale scores at 2- and 6-hours postoperative intervals (P < 0.05), with no difference
at 12 and 24 hours postoperative periods. The ESP block group also required less
propofol and remifentanil (P < 0.001), had significantly shorter emergence time
(P = 0.003) and less incidence of postoperative nausea and vomiting (P = 0.014).
Recent guidelines recommend ESP block as an option as part of a multi-modal analge-
sic strategy if IT morphine is not used [2].

2.5.5 llioinguinal and iliohypogastric blocks

The ilioinguinal-iliohypogastric block has been shown to reduce postoperative
opioid requirements after caesarean section; however, they apparently don’t have ben-
efits in postoperative analgesia compared with IT morphine [39-41]. Recently, Staker
et al. [42] conducted a prospective, triple-blind, placebo-controlled randomized
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study of 100 women undergoing elective caesarean section. All women had spinal
anaesthesia with hyperbaric bupivacaine, 15 pg fentanyl and 150 pg morphine, as
well as 100 mg diclofenac and 1.5 g paracetamol rectally. Women were randomly
allocated to receive the ilioinguinal-transversus abdominis plane block or a sham
block at the end of surgery. The primary outcome was the difference in fentanyl
patient-controlled analgesia (PCA) dose at 24 hours. Secondary outcomes included
postoperative pain scores, adverse effects and maternal satisfaction. The cumulative
mean (95%CI) fentanyl dose at 24 hours was 71.9 (55.6-92.7) pg in the ilioinguinal-
transversus abdominis group compared with 179.1 (138.5-231.4) pg in the control
group (P < 0.001). VAS scores averaged across time-points were 1.9 (1.5-2.3) mil-
limetres (mm) vs. 5.0 (4.3-5.9) mm (P = 0.006) at rest and 4.7 (4.1-5.5) mm vs. 11.3
(9.9-13.0) mm (P = 0.001) on movement, respectively. Post-hoc analysis showed that
the ilioinguinal-transversus abdominis group was less likely to use >1000 pg fentanyl
compared with the control group (2% vs. 16%; P = 0.016). There were no differences
in opioid-related side effects or maternal satisfaction with analgesia. The addition

of the ilioinguinal-transversus abdominis plane block provides superior analgesia to
usual multimodal analgesic regimen. More studies are needed to verify these data.

In the experience of the main author, after 48 hours of surgery, shortly before
the discharge of the patient undergoing caesarean section (Pfannenstiel-type
surgical wound), to complement oral analgesia at home, a bilateral ilioinguinal
and iliohypogastric block is placed under ultrasound guidance, with 10 ml of 7.5%
ropivacaine, this analgesic strategy achieves comfortable ambulation, low pain
scores and analgesic savings.

2.6 Systemic opioids

When neuraxial analgesia or regional blocks for analgesia are not an option,
oral or IV multi-modal analgesia strategy for postoperative pain management after
caesarean delivery is implemented, a large percentage of patients will require systemic
opioids. Oral or IV opioids should be used for rescue analgesia only, at the lowest
effective dose and for the shortest duration possible. Oral opioids should be preferred
over IV presentations if patients tolerate oral intake. A classic RCT [43] compared
oral versus IV opioid strategy after caesarean delivery, demonstrating that oral opioid
analgesia with oxycodone-paracetamol may offer superior pain control with less pain
at 6 and 24 hours after the procedure (P = 0.04 and P = 0.004, respectively) and
with fewer side-effects compared to morphine PCA. A practice advisory from the
American College of Obstetricians and Gynecologists [44] advised that breastfeeding
mothers should not receive codeine or tramadol based on evidence that the use of
these medications in CYP2D6 ultra-metabolizers can result in excessive amounts of
morphine in maternal breast milk with potential for neonatal overdose and respira-
tory depression. Instead, patients should receive oral oxycodone or hydromorphone.
No individual drug has proven to be superior in terms of analgesia or side-effect
profile when compared with any other opioid [2]. Due to considerations of continu-
ous breastfeeding, in case of requirement of IV opioids for postoperative analgesia,
morphine is the recommended choice based on reliable clinical effects and proven
safety [21, 44]. Offer oral morphine sulphate to women. If the patient cannot take
oral medication (for example, because of nausea or vomiting), offer IV morphine.
Consider IV PCA using morphine for women who have had a general anaesthetic for
caesarean birth. If IV PCA is not acceptable to the woman, or the pain is less severe,
consider oral morphine sulphate [21].

63



Topics in Postoperative Pain

2.7 Non-pharmacological interventions

TENS is a non-invasive peripheral stimulation technique used to relieve pain.
Some publications have shown a beneficial effect of TENS as a treatment or as a
rescue strategy, in addition to the fact that patients report more satisfaction with its
use [45, 46].

Surgical strategies that have been shown to reduce pain scores are the Joel-Cohen
incision and non-closure of the peritoneum [47-49].

On the other hand, music therapy has been shown to reduce the physiological and
cognitive responses of anxiety in patients undergoing caesarean section [50].

3. Conclusions

Providing adequate analgesia after a caesarean section confers advantages in the
mother-child relationship. The combination of NSAIDs, paracetamol and neur-
axial techniques with IT morphine or diamorphine is considered the cornerstone
of analgesic management. However, new regional ultrasound-guided techniques
have now emerged, such as TAP block, QL block, ESP block, ilioinguinal and
iliohypogastric among others, which in a multimodal context also favour adequate
pain relief. The use of opioids is reserved as analgesic rescue in combination with
the previously mentioned techniques or for those patients who are not candidates
for neuraxial or regional techniques, where the minimum effective doses of opioids
are recommended. Finally, the use of non-pharmacological strategies is not yet
widespread in hospitals, although some techniques such as music and tens seem to
be effective.
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Abstract

Postoperative pain in pediatrics is a common concern for both parents and health-
care professionals. Children who experience pain after surgery can present with several
complications, including nausea, vomiting, breathing difficulties, sleep disturbances,
and decreased physical activity. In addition, untreated pain can have long-term effects
on children’s emotional and psychological well-being. It is important to recognize
that children may experience pain differently than adults and, therefore, need a per-
sonalized treatment approach. Evaluation and management of postoperative pain in
pediatrics should be based on the child’s age, the type of surgery, and the severity of
pain. Several treatment options are available, including oral, intravenous, and epidural
analgesics, as well as non-pharmacological techniques such as relaxation and distrac-
tion. Prevention of postoperative pain is also important and can be achieved through
the administration of analgesics prior to surgery and early postoperative care.

Keywords: postoperative pain, pediatrics, analgesia, pain management, pain treatment

1. Introduction

Surgery is a common medical procedure performed to treat various conditions. In
pediatrics, surgery is often necessary to treat congenital diseases, developmental dis-
orders, or traumatic injuries. Although surgery can be beneficial, postoperative pain is
a common consequence that can negatively affect a patient’s recovery. Treatment may
include pain relievers, regional anesthesia, and nondrug therapies such as physical
therapy and occupational therapy. Within the strategies to prevent postoperative
pain, such as the use of less invasive surgical techniques and the administration
of analgesics before surgery. A multidisciplinary approach to postoperative pain
management in pediatric patients, involving physicians, nurses, physiotherapists,
and occupational therapists helps improve the conditions of pediatric patients after
surgery. The importance of education and preparation to the patients and their par-
ents before surgery helps to reduce anxiety and stress. It is also useful to implement
relaxation and distraction techniques to improve the patient experience as well as the
importance of using multimodal analgesia in pain management. In summary, in this
chapter, we will highlight the importance of proper postoperative pain management
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in pediatric patients to minimize discomfort and promote a faster and more complete
recovery.

In summary, in this chapter, we will highlight the importance of proper postopera-
tive pain management in pediatric patients to minimize discomfort and promote a
faster and more complete recovery.

2. Causes of postoperative pain in pediatrics

The causes of postoperative pain in children are multiple and may vary depend-
ing on the type of surgery. Some common causes may include tissue inflammation,
manipulation of organs during surgery, surgical incision, and muscle strain associ-
ated with the recovery process. In addition, postoperative pain can also be caused by
psychological factors. Some of the common causes of postoperative pain in pediatrics
include:

* Tissue damage: Surgery can cause tissue damage, which can trigger an inflamma-
tory response in the body and lead to pain.

* Invasive procedures: Invasive procedures, such as the insertion of drainage tubes
or the placement of intravenous lines, can cause pain.

* Surgical incision: The surgical incision can be painful and take time to heal.

* Anxiety: Anxiety and fear can increase the perception of pain in children.

3. Symptoms of postoperative pain in pediatrics

Postoperative pain in pediatrics can manifest itself in different ways, and the
symptoms may vary depending on the age of the patient and the nature of the sur-
gery. Some of the common symptoms of postoperative pain in pediatrics include:

* Inconsolable crying.

* Irritability or restlessness.

* Refusal to eat or drink.

* Difficulty to sleep.

* Changes in heart and respiratory rate.

* Excessive sweating.

* Changes in facial expressions such as frowning or closing your eyes.
* Fetal position or muscle tension.

* Changes in physical activity or movement patterns.

* Changes in urination and bowel movements.
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Pain identification in pediatrics can be challenging, especially in young children
or those who cannot communicate verbally. In older children, there may be verbal
reports of pain, as well as facial and bodily responses to painful stimuli. It is impor-
tant that healthcare professionals working with children are trained in pain assess-
ment and use appropriate assessment tools based on the child’s age and development
to ensure accurate identification of pain [1].

4. Treatment of postoperative pain in pediatrics

It is important to treat postoperative pain in pediatrics effectively to minimize
discomfort and promote faster recovery, so some of the challenges associated with
managing postoperative pain in children, including the lack of objective measures
to assess pain, the variability in individual response to pain, and the need to balance
the efficacy of treatment with potential side effects. It is important to explore vari-
ous strategies to overcome these challenges such as the use of validated pain scales,
personalization of treatment, and continuing education of healthcare personnel [2].
Treatment of postoperative pain in pediatrics may include a combination of phar-
macological and non-pharmacological techniques. Some common treatment options
include:

* Validated pain scales: The use of validated pain scales is suggested to assess
postoperative pain in children such as the face scale, the numerical scale, or
the color scale. These tools can help assess pain level and guide appropriate
intervention.

* Multimodal analgesia: The use of a combination of analgesics and techniques
is recommended to address different aspects of postoperative pain in children.
This may include the use of opioid and non-opioid analgesics, peripheral nerve
blocks, local infiltration, or epidural infusions.

* Relaxation and distraction techniques: Relaxation and distraction techniques,
such as music, games, and virtual reality therapy, are suggested to help patients
manage pain and anxiety.

* Education and preoperative preparation: The importance of educating patients
and their families on postoperative pain management and providing preop-
erative preparation to reduce anxiety and improve postoperative recovery is

highlighted.

* Treatment personalization: It is recommended to personalize treatment for each
patient based on their individual needs and response to pain.

In addition to these treatment options, it is important that parents and medical
staff work together to create a calm and comfortable environment for the patient.

Multimodal analgesia may include a combination of different drug classes such
as nonsteroidal anti-inflammatory drugs (NSAIDs), opioids, local anesthetics, and
gabapentinoids [3]. Drug selection and dosage must be individualized according to
the needs of the patient. Furthermore, the choice of regional anesthesia technique
may also influence the selection of multimodal analgesia. Regional anesthesia, such
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as epidural anesthesia or intravenous regional anesthesia, selectively blocks pain
transmission from peripheral nerves to the spinal cord and brain, which may reduce
the need for opioids and minimize opioid-associated side effects. In addition, regional
anesthesia can reduce inflammation and the body’s inflammatory response, which can
help prevent chronic postoperative pain [4].

Some of the most commonly used NSAIDs in pediatrics include:

* Ibuprofen: It is one of the most commonly used NSAIDs in pediatrics due to its
efficacy and safety. It is used to treat pain, inflammation, and fever. It is available
in different formulations, including tablets, oral suspension, and rectal supposi-
tories. The recommended dose is 5-10 mg/kg/dose, with an interval of 6-8 hours
between each dose.

* Diclofenac: It is another NSAID that is used in pediatrics to treat pain and
inflammation. It is available in different formulations, including tablets, rectal
suppositories, and topical gel. In general, the recommended dose of diclofenac in
children is 1-3 mg/kg/day, divided into 2-3 daily doses.

* Naproxen: It is an NSAID used to treat pain, inflammation, and fever in
pediatrics. It is available in different formulations, including tablets and oral
suspension. The recommended dose of naproxen in children is 5-10 mg/kg/dose
every 12 hours, or 10-15 mg/kg/dose every 24 hours for the extended-release
formulation.

* Paracetamol: This analgesic is not an NSAID. It is usually given as an oral suspen-
sion, and the recommended dose varies according to the age and weight of the
child. In general, the recommended dose for children is 10-15 mg/kg/dose, with
an interval of 4-6 hours between each dose. It is important not to exceed the
maximum recommended dose.

It is important to note that NSAIDs can have side effects such as gastric irritation,
gastric ulcers, and kidney problems, so they should be used with caution and under
the supervision of a physician. Also, each patient may react differently to medica-
tions, so it is important to adjust the dose and treatment regimen individually for each
child [5].

The use of opioids in pediatrics is used to control moderate to severe pain in
children and adolescents. However, their use must be carefully supervised by a
doctor as they can have serious and potentially dangerous side effects. Opioids are
used in situations where non-opioid pain relievers are not enough to control pain.
They can be used for the management of postoperative pain, cancer pain, and pain
associated with chronic diseases [6]. It is important to note that prolonged use of
opioids in children and adolescents may increase the risk of developing depen-
dence and addiction. Therefore, steps should be taken to reduce the amount of
opioids used and their duration, in order to minimize the risk of long-term health
problems.

There are different opioids that can be used in pediatrics, some of them are:

* Hydrocodone: It is recommended to start with the lowest possible dose and
adjust the dose as necessary to achieve effective pain control without causing

74



Postoperative Pain in Pediatrics
DOI: http://dx.doi.org/10.5772/intechopen.111788

serious side effects. The recommended dose is 0.05-0.2 mg/kg every 4-6 hours
as needed, with an upper limit of 5 mg per dose and 20 mg in 24 hours in chil-
dren 6-12 years of age. In children over 12 years of age, the recommended dose
is 2.5-10 mg every 4-6 hours as needed, with a maximum limit of 40 mg in

24 hours.

* Fentanyl: It can be administered by different routes, including intravenous,
epidural, intrathecal, or transdermal, depending on the clinical situation of the
patient. The recommended dose is 1-2 mcg/kg, administered intravenously,
every 2-4 hours as needed.

* Morphine: It can be administered orally, intravenously, subcutaneously, epidur-
ally, or intrathecally, depending on the clinical situation of the patient. The
recommended starting dose is 0.1-0.2 mg/kg every 4 hours intravenously or
every 6 hours orally. However, the dosage may vary depending on the condition
of the patient and the severity of the pain.

* Buprenorphine: Unlike other opioids, buprenorphine has a ceiling effect, which
means that its pain-relieving effect levels off at higher doses and does not
increase beyond a certain point, reducing the risk of overdose. Additionally,
buprenorphine has lower addiction potential and respiratory side effects com-
pared to other opioids. The recommended dose in pediatrics ranges between
10 and 20 mcg/kg/dose every 6-8 hours. However, these doses may vary based
on the weight and age of the child and may be adjusted as needed to achieve
adequate pain control.

 Tramadol: It is important to note that the use of tramadol in pediatrics requires
careful assessment of the benefit-risk balance, especially in children under
12 years of age and in those with risk factors for opioid-related adverse events.
The recommended dose of tramadol is 1-2 mg/kg/dose, administered, orally
every 4-6 hours as needed. The maximum daily dose should not exceed 8 mg/

kg/day.

It is important to emphasize that the use of opioids in pediatrics must be care-
fully supervised by a physician since they can have serious and potentially danger-
ous side effects such as respiratory depression or excessive sedation. In addition,
the dose and duration of treatment should be appropriate to the child’s age and
weight, and measures should be taken to reduce the amount of opioids used and
their duration, in order to minimize the risk of dependence and long-term health
problems.

Gabapentinoids, such as gabapentin and pregabalin, are also used in pediatrics
for pain management. However, the evidence on its safety and efficacy in children is
limited, and more studies are needed to determine its appropriate use in this popula-
tion. Some studies have found that pregabalin may be effective for neuropathic pain
in children and adolescents, but more research is needed in this field. Also, caution
should be exercised when using gabapentinoids in children with kidney problems as
these drugs are primarily eliminated by the kidneys [7].

The best option to decide pain management in pediatrics is the analgesic ladder.
The pediatric analgesic ladder is based on the World Health Organization (WHO)
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initiative for pain management in adult cancer patients. In 1986, the WHO proposed
a guideline for pain management in adults with cancer, which became the WHO
Analgesic Ladder in 1986. Later, in 1990, the WHO extended the analgesic ladder to
include pain management in pediatric patients with cancer. Since then, the WHO
analgesic ladder has become a standard guideline for pain management in pediatric
and adult patients worldwide [8].

This staircase is divided into three levels:

* Level I: Non-opioid pain relievers (e.g., acetaminophen and ibuprofen).
* Level II: Mild to moderate opioid pain relievers (e.g., tramadol).
* Level III: Strong opioid pain relievers (e.g., morphine, fentanyl).

The idea is to start at the bottom of the ladder and work your way up as necessary
to control the patient’s pain. It is important to note that analgesic selection should be
based on the etiology of the pain and the age and weight of the patient, and that the
dose and frequency should be individually adjusted [9].

Within the non-pharmacological alternatives for pain management, we can find
psychological intervention. For this type of treatment, the importance of accurate
assessment and diagnosis of the cause of the pain is paramount since there are differ-
ent psychological approaches such as cognitive behavioral therapy, acceptance and
commitment therapy, interpersonal therapy, and family therapy. There is evidence
that suggests that these therapies can be effective in the management of chronic and
recurrent pain in children and adolescents, improving the quality of life, functional-
ity, and psychological well-being of patients. However, there are also limitations of
psychological therapies such as:

* Lack of high-quality studies: Although there are studies on psychological thera-
pies in the management of chronic and recurrent pain in children and adoles-
cents, many of them have methodological and design limitations, which limit the
quality of the evidence.

* Heterogeneity in interventions: Psychological interventions include a variety of
approaches and techniques, making it difficult to compare their effectiveness
and determine, which is most appropriate for each patient.

* Lack of studies on specific populations: Most studies have been conducted in
children and adolescents with chronic abdominal pain or headache, limiting the
generalizability of the results to other populations.

* Difficulties in implementation: The implementation of psychological therapies
can be expensive and require the training of specialized professionals, which
limits their accessibility and availability in some health care settings.

However, more research is needed to determine the effectiveness of specific
therapies for different types of pain: chronic and recurrent in specific populations of
children and adolescents. To establish the best strategies for the implementation and
integration of psychological treatments in pediatric medical care [10].
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5. Prevention of postoperative pain in pediatrics

Although pediatric postoperative pain is often unavoidable, there are measures
that can be taken to minimize its intensity and duration. Some strategies to prevent
postoperative pain in pediatrics include:

* Use of less invasive surgical techniques.
* Use of regional anesthesia instead of general anesthesia.
* Administration of analgesics before surgery to prevent pain.

* Education and preparation of the patient and their parents before surgery to
reduce anxiety and stress.

One of the methods most used by anesthesiologists is anesthetic adjuvants, which
are drugs that are used in combination with local or general anesthetics to improve
the efficacy of anesthesia and reduce postoperative pain [11]. In pediatrics, various
anesthetic adjuvants are used to prevent postoperative pain, including:

* Clonidine: It is an alpha-2 adrenergic agonist that is used as an analgesic and
sedative. Clonidine has been shown to reduce the need for opioid pain relievers
after surgery in children. From 1 to 17 years, 2-5 micrograms/kg administered
30-60 minutes before the procedure, not to exceed the dose of 300 micrograms.

* Ketamine: It is a dissociative anesthetic that has analgesic and anesthetic proper-
ties. Ketamine has been shown to reduce postoperative pain and decrease the
need for opioids in children. The dose for induction of anesthesia in healthy
children is usually 1-2 mg/kg administered intravenously (IV), although it may
vary according to the age and health status of the child, as well as the duration
and type of procedure. For continuous infusion during surgery, the doses may be
lower (0.25-0.5 mg/kg/hour).

* Dexmedetomidine: It is a clonidine-like alpha-2 adrenergic agonist used as an
analgesic and sedative. Dexmedetomidine has been shown to be effective in
reducing postoperative pain in children. In general, it is started with a low dose
and gradually increased as needed. It is recommended that the dose of dex-
medetomidine not exceed 1.5 mcg/kg/h in children. The following is a general
formula for calculating the dose of pediatric dexmedetomidine:

Dexmedetomidine dose (mcg/kg/h) = body weight (kg) x starting dose (mcg/
kg/h) x adjustment factor.

The adjustment factor varies according to the age of the child:

< 6 months: adjustment factor of 0.4.

6 months - 5 years: adjustment factor of 0.5.

* Magnesium: Magnesium has been shown to have pain-relieving properties and

reduces the need for opioid pain relievers in children after surgery. In general,
for the administration of IV magnesium in pediatrics, the recommended dose is
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25 to 50 mg/kg, diluted in 5% saline or dextrose solution, at an infusion rate not
greater than 150 mg/minute.

¢ Lidocaine: In addition to its use as a local anesthetic, lidocaine has been used as
an anesthetic adjuvant to reduce postoperative pain in children. In regional epi-
dural anesthesia, the dose of lidocaine is generally calculated based on the weight
of the child, with a typical dose of 1-2 mg/kg. In local anesthesia, the maximum
recommended dose is 4.5 mg/kg, and it can be reduced depending on the weight
and age of the child.

Anesthetic adjuvants may offer several benefits in children, including:

1. Postoperative pain reduction: Anesthetic adjuvants, such as lidocaine or dexme-
detomidine, may help reduce postoperative pain in children. This can improve
children’s quality of life after surgery and reduce the need for strong pain relievers.

2. Anxiety and stress reduction: Some anesthetic adjuvants, such as clonidine or
midazolam, can help reduce anxiety and stress in children before surgery. This
can make the process less scary and more manageable for the child.

3.Fewer side effects: Anesthetic adjuvants can help reduce the amount of general
anesthetic needed for surgery, which can reduce side effects, such as nausea and
vomiting.

4. Shorter recovery time: Some anesthetic adjuvants, such as dexmedetomidine,
can help speed recovery time after surgery in children. This can reduce the
need for a long hospital stay and help the child return to normal activities more
quickly.

It is important to keep in mind that each child is different, and that the benefits of
anesthetic adjuvants may vary depending on the case.

Another of the most widely used and recommended methods for postoperative
pain management are non-pharmacological techniques, for example, stress and anxi-
ety reduction. Strategies to reduce anxiety and stress in children before surgery can
help prevent postoperative pain in several ways. First, by reducing anxiety and stress,
the sensation of pain and the perception of its intensity can be reduced. Additionally,
these techniques can help reduce the need for pain relievers and other postoperative
pain medications, which can decrease the risk of side effects and complications.

In addition, some techniques, such as muscle relaxation and meditation, can help
improve sleep quality and reduce postoperative insomnia [12].
Some strategies that can help reduce anxiety and stress in these children include:

* Clear and precise information about the procedure: It is important that the child
understands what will happen before, during, and after the surgical procedure.

This can help to reduce anxiety and stress.

* Play therapy: Playful games and activities can be an effective way to reduce
anxiety and stress in children facing a surgical procedure.
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* Relaxation techniques: Relaxation techniques, such as deep breathing and visual-
ization, can help reduce anxiety and stress in children.

* Use of antianxiety medications: Some antianxiety medications can help reduce
anxiety and stress in children before the surgical procedure.

It is important that any strategy to reduce anxiety and stress in children who will
undergo surgery is discussed with the medical team and that the most appropriate
option is chosen for each child.

6. Scales to assess pain in children

Pain assessment in children can be challenging as children may have difficulty
communicating their pain effectively. Therefore, it is important to use specific tools
for pain assessment in children [13]. Some of these tools include:

* Numerical scales: These scales consist of the child assigning a number from 1
to 10 to indicate the intensity of his pain. Number scales are useful for older
children who can count and understand number relationships.

* Face scales: These scales show a series of pictures that represent different levels
of pain. The child chooses the drawing that best represents the intensity of her
pain.

* Coloring scales: These scales consist of a drawing that the child must color
according to the location and intensity of the pain.

* Behavioral rating scales: These scales assess the child’s behavior rather than his
verbal self-report. They are used for very young children who cannot yet com-
municate verbally.

* Structured clinical interviews: These interviews use specific questions to assess
pain in children. They are used for children who have difficulty communicating
their pain effectively.

* Among the most useful scales to assess pain in children who cannot communi-
cate verbally such as infants or children with cognitive disabilities, as well as to
standardize pain assessment in clinical and research situations, we can find the
following:

* Wong-Baker faces scale: uses drawings of faces for the child to choose the one
that best represents their pain, from a smiling face without pain to a crying face
in pain.

* Numerical scale: The child is asked to assign a number from 0 to 10 to indicate

the intensity of their pain, with zero being no pain and 10 being the most intense
pain imaginable.
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* Visual analog scale (VAS): A line is used that goes from one end indicating “no
pain” to the other end indicating “unbearable pain,” and the child is asked to
mark on the line the point that best represents their pain.

* McGill face scale: uses a series of pictures that represent different types of
pain such as stabbing, cutting, burning, etc. The child selects the pictures that
describe his/her pain.

It is important to note that no tool is perfect for all children and situations.
Selecting the right tool for the child and his/her specific situation will help us to better
identify the situation. In addition, it must be taken into account that the evaluation of
pain in children must be continuous and adapted as the child grows and develops new
communication skills.

In addition, the use of scales to assess pain in children allows health professionals
to obtain information on the intensity, duration, and location of pain, which can be
useful for adjusting treatment and for long-term follow-up. It also allows parents and
caregivers to more accurately communicate the symptoms the child is experiencing,
which can help improve the child’s care and quality of life.

It must be considered that the scales to assess pain should be selected based on the
child’s age and level of development, and that they should be administered appropri-
ately to obtain an accurate assessment of pain. Therefore, it is important that health-
care professionals are trained in the use of these tools and ensure that they are used
effectively to ensure the best possible pain management in children.

7. Conclusion

Pain is a subjective experience that can have a significant impact on the quality
of life of children and adolescents. Therefore, it is critical to properly recognize,
assess, and treat pain in this population. There are various treatment options
available, including pharmacological pain relievers, psychological therapies, and
less invasive surgical techniques. In addition, it is important to use pain assess-
ment tools appropriate to the child’s age and developmental level such as validated
pain scales. The implementation of multidisciplinary strategies that address pain
comprehensively can significantly improve pain management in children and
adolescents.

Postoperative pain is a common consequence of pediatric surgery, but it can be
effectively treated. It is important that parents and medical personnel work together
to identify and treat pediatric postoperative pain and take steps to prevent its occur-
rence whenever possible. By doing so, patient discomfort can be minimized and a
faster and more complete recovery promoted.

Pediatric pain medicine is a constantly evolving field, with multiple strategies and
tools available to address pain in children and adolescents. Research has shown that
proper pain management in children not only improves a patient’s quality of life but
can also reduce recovery time and length of hospital stay. In addition, a multidisci-
plinary approach and an individualized approach are essential to effectively treat pain
in children. Less invasive anesthetic and surgical techniques, as well as anesthetic
adjuvants, may be beneficial in managing postoperative pain in children. Relaxation
methods, psychological therapies, and distraction strategies have also been shown to
be effective in reducing preoperative anxiety and stress.
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Finally, adequate assessment of pain in children is essential to achieve effective
management. Pain measurement scales are an important tool and must be used
regularly to identify pain and guide its treatment, so pain management in pediatrics

is a crucial aspect of pediatric patient care and should continue to be investigated new
strategies and tools to improve their treatment and relieve pain in children.
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Chapter7

Multimodal Pain Management
in Extremely Low Birth Weight
Neonates after Major Abdominal
Surgery

Hana Jancova and Pavla Pokorna

Abstract

Limited data are available in the literature on multimodal pain management in
extremely low birth weight (ELBW) neonates. This chapter aimed to summarize
current knowledge about the effects of analgesics and sedatives (paracetamol,
opioids, benzodiazepines and anaesthetics) on postoperative pain management
(< 48 hours after surgery). The primary endpoints of postoperative pain manage-
ment were searched using validated pain assessment instruments, such as pain
intensity, excessive sedation, drug consumption or adequate rescue medication.
The secondary endpoints are the safety parameters of the drugs used, while the
determinants of short/long-term outcome (duration of mechanical ventilation,
intraventricular haemorrhage—IVH, periventricular leukomalacia—PVL, postnatal
growth restriction, stage of chronic lung disease—CLD or neurodevelopmental
outcome according to the Bayley-II Scale of Infant Development at 18-24 months or
developmental equivalents at early-school age) were assessed as tertiary endpoints.
Additionally, one of the most important key elements of clinical science is known
as clinical research study validation, including specific tools and techniques within
the validation processes. This chapter focuses on postoperative multimodal pain
management, including the implementation of pain assessment tools and analgesic
and sedative dosing regimens needed to achieve the efficacy and safety goals of an
optimal pain profile in ELBW neonates; only proven non-pharmacological
procedures are not included.

Keywords: extremely low birth weight neonates, postoperative pain, COMFORTneo
score, paracetamol, opioid consumption

1. Introduction

Optimal pain management is an essential requirement of the daily clinical practice
of a sick neonate and one of the indicators of quality-of-life care. Records of the
experience of pain and its short-term and long-term consequences for the immature
organism have been increasing in the recent decades, as well as warnings of the
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adverse effects of analgesics [1, 2]. A multimodal approach based on the multimodal
concept of pain assessment can help to objectivate the diagnosis of pain in patients
who are immature or who do not display pain due to severe illness. However, in non-
verbal immature individuals, assessing pain or differentiating pain from discomfort is
difficult and requires a specific approach and research into new diagnostic methods.
The standard in clinical practice is evaluated scales mostly based on behavioural and
physiological responses to pain. There are more than 65 assessment scales for child-
hood, but only a third of them are also validated for immature neonates, and signifi-
cantly less for extremely low birth weight neonates (ELBW) after major abdominal
surgery in particular [3]. Moreover, the choice of pain assessment tools varies among
neonatal intensive care units (NICU) and countries as described, for example, in
premature neonates treated for necrotizing enterocolitis (NEC) [4]. However, not all
of the listed pain scales are validated, particularly for postoperative pain in ELBW.

To achieve the best possible quality in using these scoring systems at individual
workplaces, implementing “evidence-based” procedures is necessary, including
education with regular evaluation of the reliability and consistency of the staff in
the assessment of pain since these methods are largely subjective. Objective methods
such as measurement of tissue oxygenation (NIRS-near-infrared spectroscopy), skin
conductance (SCM-skin conductance measurement), electroencephalography (EEG),

or measurement of cortisol concentration in saliva or adrenaline, noradrenaline and
cortisol determination in the blood, and physiological functions are currently auxil-
iary or research methods [5].

2. Clinical endpoints in neonatal postoperative pain studies

In general, clinical endpoints of pain studies are recommended to demonstrate
that the introduction of validated pain together with sedation instruments while
adjusting the age-appropriate dosage of analgesics and sedative drugs according
to postmenstrual age (PMA) or postnatal age (PNA), and body weight leads to the

Name and type of Aim of the Indicators Population Drug Commentary/
scale, author, year, study settings (GW,  used/ limitations on scale
study design pain profile, reported
number of
patients and
diagnoses)
Neonatal facial Validitaion of Brow bulge, 29 GW Morphine ~ NFCS was found
coding scoring the NFCS for eye squeeze, to18 M, asareliable,
(NFCS), postoperative open lips, ventilated feasible and valid
behavioural scale pain, mouth and child, tool for assessing
by Peters et al., exploration tongue prolonged postoperative pain.
2003 (prospective of whether position and pain, Limitation:
observational study)  the number lips pursed postoperative reduction of the
of NFCS pain, NFCS to 5 items
items could be 37 patients increases the
reduced with specificity for
abdominal/ pain assessment
thoracic without reducing
surgery the sensitivity and
validity for detecting
changes in pain.
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Name and type of Aim of the Indicators Population Drug Commentary/
scale, author, year, study settings (GW,  used/ limitations on scale
study design pain profile, reported
number of
patientsand
diagnoses)
Children’s Determination Crying, facial ~ 35GW to5Y; Not Compared to other
& Infants’ of parameters expression, postoperative reported assessment tools
Postoperative Pain suitable trunk pain, 584 (CHEOQPS, OPS,
Scale (CHIPPS), indicators for posture, legs children 4238 CRIES, TPPPS), the
behavioural scale, by  postoperative movements, observations, CHIPPS scale items
Biittner et al., 2000 pain restlessness diagnoses not are most suitable for
(comprehensive reported neonates, infants
report of 7 and young children
prospective studies) in the postoperative
period.
Pain Assessment Evaluation Posture/tone, 23GWto6 M, Not Both COVERS*
Tool (PAT), of the cry, sleep, face  postoperative reported and PAT scales
multidimensional psychometric expression, pain, were reliable
scale by O’Sullivan properties and colour, prolonged measures of acute
etal., 2016 clinical utility respiration, pain, 80 pain in neonates
(non-randomised of the COVERS  HR, Sp02, neonates (6 from 24 GW. Most
observational single-  and PAT scales BP, nurse underwent of the 72 assessing
unit study) inaneonatal perception surgery), nurses preferred
unit diagnoses not the COVERS (52%)
reported to the PAT (16%),
and 32% had no
preference.
Limitation: a
small number
of operated
patients.
Modified Responses Sleep, facial 29 to 32 GW, Fentanyl The study
Postoperative of ventilated expression, ventilated demonstrated
Comfort Score preterm sucking, patients, areduction in
(PCS), neonates to a agitation, prolonged both PCS and
behavioural scale, single dose of tonus, toe pain, 22 NFCS scores
by Guinsburg et al., fentanyl using and finger preterm after initiation
1998, physiological, posture, ventilated of fentanyl in
(randomised, humoral and consolability neonates, preterm neonates
double-blind, behavioural diagnoses not on mechanical
controlled trial) measures reported ventilation.
CRIES Scale, Initial testing Crying, 32GWto1M, Not The cutoff of
multidimensional of validity and oxygen postoperative reported oxygenation
scale, reliability of the  requires, pain, acute measure between
Krechel et al., 1995, CRIES vital signs, pain, 24 infants scores 1 or 2 is set
prospective expression, following at 30%. This is not
observational pilot sleeplessness ~ surgery a suitable item for
study (insertion of preterm infants
VP shunt, with RDS/CLD.
thoracotomy) Alternatively, it

can be substituted
for respiratory
changes in
immature
patients.
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Name and type of Aim of the Indicators Population Drug Commentary/
scale, author, year, study settings (GW,  used/ limitations on scale
study design pain profile, reported

number of

patients and

diagnoses)
Multidimensional Evaluation of Vital signs 36 GW to Morphine  This study showed
Assessment of Pain  the clinical (HR or BP), 31 M, that MAPS like
Scale (MAPS), validity and breathing postoperative FLACC and VAS
multidimensional utility of the pattern, facial ~ pain decreased similarly
scale, by Ramelet et MAPS and its expressions, 19 following rescue
al., 2007, response to body postoperative morphine.
(follow-up the effect of movements, critically ill Limitation: internal
validation study) analgesics state of children consistency of

arousal MAPS would

improve if the
psychologic item
was deleted.

GW—gestational week, M—month, HR—heart vate, BP—Dblood pressure, COVERS—crying, oxygen requirement,
vital signs, expression, resting, signalling distress, RDS—rvespiratory distress syndrome, CLD—chronic lung disease,
VP—uventriculoperitoneal shunt.

Table1.
Studies that veported postoperative pain management in preterm neonates — the list of validated scales in
postoperative pain profile.

achievement of goals in the paediatric population [6]. More recently, the Neonatal
Face Coding Score (NFCS) [7], the Children’s & Infants’ Postoperative Pain Scale
(CHIPPS) [8], the Pain Assessment Tool (PAT) [9], the Modified Postoperative
Comfort Score (PCS) = Clinical Scoring System [10], the CRIES scale [11] and

the Multidimensional Assessment of Pain Scale (MAPS) [12] were validated for
the treatment of postoperative pain in preterm neonates, of which only the PAT
scale for extremely low birth weight neonates (ELBW, less than 1000 g, less than
28 weeks of gestation), respectively (Table 1). Therefore, in the ELBW cohort, it
is also recommended that pain management, including assessment, re-evaluation,
prevention, and treatment of a given pain profile (postoperative pain lasting

0-48 hours after surgery) adopted from other preterm neonates, seems to be best
described by clinical goals. Primary endpoints are efficacy parameters (exces-

sive, optimal or failed management) as measured by a validated postoperative
score (PAT) or some validation processes are needed to be implemented using the
COMFORTneo scale or the Numerical Rating Scale (NRS) for a given pain profile,
and the effect of paracetamol on opioid consumption during the first 48 hours
after surgery also. Secondary endpoints are, for example, safety parameters of the
analgesic drugs (e.g., paracetamol hepatotoxicity or bradycardia <80/min, and
hypotension defined as mean blood pressure < 10th percentile for opioids). Tertiary
endpoints are parameters of long-term morbidity (e.g., intraventricular haemor-
rhage—IVH, periventricular leukomalacia—PVL, the severity of chronic lung
disease, postnatal restriction of growth, prolonged pulmonary ventilatory support,
abdominal discomfort, enteral nutrition and breastfeeding, length of hospital stay,
and mental and psychomotor development in 12-24 months or death), and more
recently, the correlation between total cumulative opioid dose from birth to the
period of developmental equivalent assessment of cognitive, language, motor and
executive functions at early-school age or later (Figure 1) [13].
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Figure 1.

Mgltimodal pain management in extremely low birth weight infants after major abdominal surgery and team
involvement. Primary objectives are postoperative pain/sedation efficacy parameters (pain lasting 0~48 hours
after surgery). Secondary objectives are safety parameters of the analgesics and sedative drugs used (pain lasting
0-48 hours after surgery). Tertiary objectives are parameters of long-term (monitoring parameters evaluated for
12-24 months) and early-school age (5 years of age).

3. Pain scales validated in ELBW population
3.1 Pain assessment tool (PAT)

The PAT scale is a scoring system developed and evaluated by Hodgkinson in
1994, originally in a group of 20 term neonates following surgery. The study found
that PAT effectively quantified neonates’ pain and reflected nurses’ perceptions of it
[14]. The scale incorporates both behavioural and physiological items and includes a
score based on the caregiver’s judgement to capture individual reactions and evalu-
ations of the nurse who cared for the patient over time. The tool has ten parameters
(see Table 1) that are scored on a scale of 0 to 2, with minimum and maximum
scores of 0 and 20. Scores greater than 5 indicate some non-pharmacological meth-
ods to provide adequate comfort, and scores greater than 10 require adjustment of
the analgesia. Later, Spence and O’Sullivan demonstrated that the PAT is a reliable
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and valid tool in various groups of NICU patients (both surgical and nonsurgical,
preterm and term). The PAT is a clinician-friendly Pain Assessment Tool for all
groups of critically ill infants in the NICU; moreover, according to the literature, it

is the only scale validated for the postoperative pain profile in extremely low birth
weight neonates [9, 15]. However, we find certain limitations in the small sample size
of the studied surgical ELBW patients and in the possible impact of the variability
of physiological thresholds across gestational/postmenstrual ages (e.g. chronic lung
disease and oxygenation requirements).

3.2 COMFORTneo

In 2004, a modified COMFORT-behavioural scale (COMFORTneo) was created
and validated in a population of preterm infants to provide the following defini-
tion: behavioural distress encompasses all behaviours of negative affect associated
with pain, anxiety and fear. And distress may occur in the absence of pain [16]. The
COMFORTRneo scale consists of 6 behavioural items: alertness; calmness/agitation;
muscle tone assessment by observation of movements of extremities, crying/respira-
tory response in ventilated patients, body movements and facial expressions. Total
scores range from 6 to 30 (1 to 5 for each item) and the cutoff score reflecting pain/
distress is >14. A score < 9 reflects possible oversedation. Testing of internal consis-
tency of the scale was good and concurrent validity with the NRS (Numeric rating
scale) was adequate in terms of persistent or prolonged pain and sedation in neonates
from the 23rd to 43rd weeks of gestational age. COMFORTneo scale and physiological
measurements could be clinically useful pain instruments for the neonatal intensive
care unit (NICU) environment and critically ill neonates in the postoperative period.

3.3 Numerical rating scale (NRS)

The NRS quantifies pain on a scale from 0 to 10 based on an individual patient’s
pain experience; the assessment of pain intensity is as follows: no pain = 0, mild
pain = 1-3, moderate pain = 4-6, and severe pain >7. Various pictorial adaptations
of the NRS mimicking facial expressions are used in young children. For non-verbal
individuals, the quantification of pain rests in the hands of caregivers or parents
according to the typical patient’s pain behaviour. The tool’s accuracy depends on the
parents and nurse’s ability to observe and describe the patient’s response to pain in
an individual way [17]. As some validation studies show, this simple tool is a good
instrument to specify the nature of discomfort (pain or stress) as an additional tool
along with validated behavioural and multidimensional scales in the population of
preterm neonates [3]. The NRS is a useful instrument in the multimodal assessment
of pain in premature neonates; moreover, the possibility of parental involvement in
pain management improves current practice in NICUs.

4. Adjuvant objective methods in neonatal pain studies
4.1 Near-infrared spectroscopy (NIRS)
Cortical activity specifically associated with the affective component of noci-

ception, i.e. with the negative emotional experience of pain (e.g. the area of the
cingula, insula, prefrontal cortex), does not always have to be correlated with the
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discriminative-executive component, which we can assess from the behaviour of
the neonates [18, 19]. NIRS is a non-invasive method of optical measurement of
local changes in tissue oxygenation in real time. Roué described the most significant
correlation between pain and changes in NIRS parameters in 113 full-term healthy
neonates during venipuncture. The other measurements performed in this study
(skin conductance, heart rate, cortisol in saliva) rather represented a prolonged stress
reaction to pain [20]. Bartocci demonstrated primary and secondary somatosensory
cortex activation after venipuncture in premature neonates (28-36th gestational
weeks), with an intensity inversely proportional to gestational age [21]. Other CNS
centres participating in the discriminative and affective components of nociception
were also studied using this method. Yuan demonstrated a correlation between pain
and NIRS changes in the prefrontal cortex during circumcision in healthy mature
neonates [22]. NIRS is a non-invasive objective method that could most closely cor-
relate with the cortical response to a painful stimulus.

4.2 Physiological functions

Heart and respiratory rate, SpO2 and blood pressure are measured continuously
as a part of standard postoperative monitoring of vital functions. Physiological
responses to pain stimuli and their correlations were described in multivariate analy-
ses. In full-term infants, physiological measurements were not necessarily well-cor-
related with behavioural responses. A positive correlation was found between SpO2
and NIRS parameters (HbO2) [20]. Different findings were described in neonates
between 28 and 36 weeks of gestation. Preterm infants were more likely to exhibit
desaturation or apnoea in response to a painful or stressful stimulus [21]. Therefore,
these different pain response profiles should be considered in future research.

4.3 Skin conductance measurement (SCM)

Changes in electrical skin conductance measured on the palmar side of the hands
and soles appear suitable for objective pain evaluation [23, 24]. The activation of
the sympathetic nervous system by painful stimuli leads to the activation of eccrine
sweat glands and an increase in electrical skin conductivity. These changes could
be detected in infants <28 + 0 of gestational age and seem to be able to differentiate
between pain and discomfort [25]. Surprisingly, it seems that conductance param-
eters do not correlate with gestational age, and their changes have been described in
neonates as early as 22 gestational weeks. The major limitation of the method is the
inability to determine basal skin conductance in this population [26].

5. Pharmacological treatment in neonatal postoperative pain studies

Pharmacological treatment of pain together with sedation in the postoperative
period is governed by international recommendations for the treatment of moder-
ate to severe pain (postoperative pain profile lasting for 48 hours) for mechanically
ventilated neonates, and a combination of systemic analgesics (opioids and non-
opioids) and sedatives or regional anaesthesia (levobupivacaine) for some surgeries
are selected [27]. Pharmacological treatment includes slow IV boluses, intermittent
dosing or using continuous infusion with the commonly used opioid—morphine, and
synthetic opioids—fentanyl, or sufentanil in some intensive care units, the effects of
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which are expressed as morphine potency. Therefore, morphine-equivalent doses are
also calculated to achieve an analgesic effect, but the dosage will vary according to the
postnatal age (PNA) of the neonate; for example, in neonates younger than 10 days,

it is recommended to reduce the initial dose of morphine or sufentanil [28, 29]. More
recently, alpha agonists (dexmedetomidine and clonidine) can also be considered, as
well as intravenous paracetamol, recommended to be given to all patients regularly
and in a dose corresponding to the postmenstrual age (PMA) with an initial loading
dose and a maintenance dose (see paracetamol) [30, 31]. Adjusting the dosage of
analgesics and sedative drugs is guided by the scale of pain and sedation and doses
should be titrated to appropriate effects. In case of PAT score > 10 or COMFORTneo
and NRS scores indicating discomfort (> 14 or more >4), the rate of opioid infusion
is increased in individual steps by a certain percentage (%) up to the maximum age-
appropriate dose to achieve the desired effect. As a rescue (“rescue”) analgesic treat-
ment in case of severe pain (i.e. PAT >10, COMFORTneo > 22, NRS > 7), a bolus of
opioids or a second-choice drugs (e.g. ketamine, dexmedetomidine, clonidine or pro-
pofol) are used intravenously so that the target values of PAT (<10), COMFORTneo
(9-13) points and NRS (0-3 points) are achieved. On the contrary, for COMFORTneo
scores corresponding to excessive sedation (<9) and NRS <3, the opioid infusion rate
should be reduced, for example by a certain percentage (%) based on assessment. The
analgesic/sedation concept in ELBW after abdominal surgery has its pharmacological
aspects that strongly correlate with changes in drug disposition, which are the con-
sequences of, for example, extreme immaturity, period of peri—/postoperative stress
(metabolic, hormonal, etc.) related to abdominal causes of surgery (e.g. NEC, sponta-
neous intestinal perforation—SIP) or inflammation (changes in CYP 450 activity) or
physiological changes in ventilation, circulation, renal and hepatic functions and as
expected increased permeability of the blood-brain barrier to analgesics and sedatives
in ELBW neonates. In this vulnerable population, therefore, measuring the effective-
ness and safety of the drugs used is extremely important. In the following section,
drugs are selected with a focus on drug characteristics, clinical indication, reported
efficacy and safety and drug dosage in premature and ELBW neonates, respectively,
after abdominal surgery. Complex therapy includes non-pharmacological interven-
tions, sucrose, the most used intravenous analgosedative drugs (except ibuprofen),
and significantly less used epidural analgesics; therefore, the knowledge about
analgosedative use still missing in this population will be summarized.

5.1 Morphine

A natural opiate alkaloid with a rapid and prolonged peak onset of action
(20 minutes after IV single injection) acting, for example 3-5 hours after IV single
injection used in neonates for postoperative pain, for specific conditions such as
necrotizing enterocolitis (NEC) and neonatal abstinence syndrome (NAS) [32, 33].
Pharmacodynamics is highly dependent on the dosage form and route of administra-
tion (epidural, intravenous, subcutaneous, intramuscular, oral or rectal) with a broad
peak of onset of action after administration lasting between 20 and 90 minand a
duration of 3-20 hours. However, ELBW neonates lack reports on efficacy and safety
(e.g. evidence of benefits for poor neurologic outcomes) [34, 35]. Respiratory depres-
sion and hypotension have been described with continuous infusion. Therefore,
lower doses are generally recommended in premature neonates. Dosing: analgesia
[36, 37], 0.05-0.1 mg/kg/dose every 4-6-8 hours for intermittent dosing while for
continuous IV infusion initial dose 0.01 mg/kg/dose is titrated to the maximum
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0.03 mg/kg/hour (some authors suggested 0.015-0. 020 mg/kg/hour). Initial IV
infusion rates of 0.010 mg/kg/hour are acceptable for neonates younger than 1 week.
Neonates older than 1 week tolerate 0.015 mg/kg/hour, whereas older infants may
tolerate 0.020-0.040 mg/kg/hour. Supplemental IV boluses of as much as 0.050 mg/
kg may be administered for episodes of breakthrough pain in mechanically ventilated
neonates who are receiving morphine by means of continuous infusion. For example,
Kinderformularium recommends morphine dosing for preterm neonates < 37 weeks
GA as an initial dose of 0.050-0.100 mg/kg followed by continuous infusion of
0.003-0.020 mg/kg/hour continuous infusion.

5.2 Fentanyl

Fentanyl is a synthetic effective opioid with high potency to morphine, a rapid-
acting onset (peak onset 3-4 min after IV single injection) with medium-long
duration (30 min after IV single injection) used for acute procedural, postoperative,
and prolonged pain profile, and specific conditions (ECMO) in neonates. Adverse
effects include apnoea, increased chest rigidity and respiratory depression that more
often described when fentanyl is administered as an IV bolus of 0.001-0.002 mg/kg
than when it is given as a continuous IV infusion of 0.001-0.002 mg/kg/hour while
fentanyl causes less likely systemic hypotension than morphine. The first report of
a cohort of very preterm neonates (23-30 gestational age) evaluated the associa-
tion between cumulative neonatal exposure to fentanyl by neurodevelopmental and
socioemotional outcomes in children at 5 years of age. However, according to the
authors, the conclusions of this study were still ambiguous [38]. Dosing: analgesia
[39], intermittent slow IV push 0.0005-0.003 mg/kg/dose, continuous infusion
0.0005-0.002 mg/kg/hour; sedation, slow IV push 0.001-0.004 mg/kg/dose may be
repeated every 2-4 hours, continuous analgesia/sedation initial 0.001-0.002 mg/kg
then 0.0005-0.001 mg/kg/hour. The mean required dose is 0.00064 mg/kg/hour <34
GA. During ECMO IV push 0.005-0.010 mg/kg and 0.001-0.005 (max 0.020) mg/
kg/hour were reported due to known drug tolerance in this population. Additionally,
the Kinderformularium database recommends fentanyl dosing for preterm neo-
nates < 37 weeks GA: an initial dose of 0.0005-0.003 mg/kg followed by continuous
infusion 0.005-0.003 mg/kg/hour continuous infusion.

5.3 Sufentanil

A synthetic, short-acting opioid agonist with a rapid onset of action (peak onset
5-6 min after IV single injection) and with a medium-long duration (30 min after
IV single injection) more potent than fentanyl or morphine used for general and
intraoperative anaesthesia, and analgesia/sedation in mechanically ventilated neo-
nates and neonatal ECMO. Adverse effects are somewhat similar to those reported
with fentanyl (bradycardia, hypotension, hypertension, cardiac arrhythmia, CNS
depression, respiratory depression, chest wall rigidity, seizures and burst-suppression
EEG pattern). Sufentanyl doses are not validated for premature neonates. Dosing:
analgesia/sedation, in mechanically ventilated premature neonates 26-34 weeks IV
loading dose 0.0005 mg/kg over 10 minutes followed by 0.002 mg/kg/hour continu-
ous infusion [40], or in ventilated full-term neonates, sufentanil LD of 0.002 mg/kg
and MD of 0.00029 mg/kg/hour was reported, but dosage regimen was recommended
to be verified in clinical trials for analgesia in full-term neonates [41]. A 0.0005 mg/
kg IV bolus and a continuous infusion of 0.0002 mg/kg/hour for 24 hours have been
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recommended for postoperative anaesthesia (Anand 1992). The Kinderformularium
database recommends the dosage of sufentanil for young infants and children (from

1 month to 18 years)—an initial dose of 0.0002—0.0005 mg/kg (maximum 0.001 mg/
kg) and a loading dose (LD) in ventilated patients: 0. 0003-0.002 mg/kg/dose slowly
IV over 30 seconds. If necessary, additional doses of 0.0001-0.001 mg/kg/dose can be
given up to a maximum (cumulative) dose of 0.005 mg/kg in major procedures [42].

5.4 Paracetamol

Paracetamol (acetaminophen) is a non-opioid drug commonly used drug to treat
mild to moderate pain management (peak onset for analgesia from 5 to 10 min to 1 hour
after IV single injection) and fever (peak onset antipyretic effect within 30 min after IV
single infection) and pain profile with duration (4-6 hours for analgesia). It is success-
fully used for postoperative pain or as “rescue” treatment post-operatively, as reported
in ELBW, and additionally, for narcotic and morphine-sparing effect, respectively [43].
At the same time, the administration of paracetamol only for procedural indications in
neonates is under discussion [44]. Paracetamol is recommended for ELBW neonates
intravenously post-operatively on a regular schedule as a slow bolus injection over
15 minutes, although evidence of paracetamol dosing for pain relief is also known for
oral and rectal administration in younger neonates than 32 weeks of postmenstrual
age (PMA). Concerns about adverse effects are justified (circulatory, hepatic, renal,
respiratory, etc.), and dosing must be adjusted to the appropriate age of the neonate
even though the production of hepatotoxic metabolites is lower due to reduced CYP450
activity [45]. Dosing: the loading dose of paracetamol for premature neonates is 20 mg/
kg, and the maintenance dose (MD) is based on PMA: in neonates less than 32 weeks
(PMA), the maintenance dose will be 7.5 mg/kg every 8 hours, in neonates >32 weeks of
PMA 10 mg/kg every 8 hours [31]. Similarly, the Kinderformularium database recom-
mends paracetamol dosing for premature neonates PMA < 32 weeks as a starting dose:
12 mg/kg/dose, once, and MD as 24 mg/kg/day in 4 doses intravenously [42].

5.5 Midazolam

Midazolam is, among other sedative drugs, still commonly used benzodiazepine
with rapid onset action (within 1-5 min after IV single injection, maximum 5-7 min)
and short duration (20-30 min after IV single injection) and widely used for sedative
(acute/prolonged), anxiolytic and anticonvulsive effects and amnesia before induc-
tion of anaesthesia and procedural sedation used as intermittent dosing or continuous
IV infusion. Adverse effects include cardiovascular (hypotension), seizure like-
activity, myoclonic jerks in preterm neonates, nystagmus, agitation or bronchospasm.
Dosing: sedation IV 0.05-0.15 mg/kg may be repeated every 2-4 hours, continuous
IV infusion 0.01 to 0.06 mg /kg/hour, and the dose should be titrated to achieve the
desired effect [46]. The Kinderformularium database recommends midazolam dosing
for preterm neonates < 32 weeks GA: initial dose up to 8 weeks postnatal age (PNA)
is 0.05 mg/kg/dose over 30 minutes to avoid the risk of hypotension if given more
rapidly, and MD: 0.03 - 0.1 mg/kg/hour, continuous infusion [42].

5.6 Dexmedetomidine

An alfa (a-2) adrenergic agonist with rapid onset action (its onset of action is
less than 5 minutes, and the peak effect occurs within 15 minutes) used for sedation,
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reversible hypnotic effect and added on analgesia profile for procedural sedation and
is increasingly used post-operatively in neonates. The various reported side effects

are hypotension, hypertension, nausea, vomiting, bradycardia, atrial fibrillation, and
pyrexia, but no respiratory depression effects and less anaesthetics and fentanyl con-
sumption were reported in some patient cohorts after abdominal surgery treated with
dexmedetomidine perioperatively [47]. Dosing: initial bolus IV 0.00005-0.001 mg/kg
over 10 min and continuous infusion 0.0002-0.0008 mg/kg/hour (max. 0.0012 mg/
kg/hour). For example, the Kinderformularium database recommends dexmedetomi-
dine dosing for preterm neonates < 37 weeks GA: LD 0.0002-0.0003 mg/kg/dose over
10 min and MD: 0.0002-0.0003 mg./kg/hour, continuous infusion dose based on effect
and side effects. Max: 0.001 mg/kg/hour [42]. Use of LD (starting dose) depends on
any concomitant use of other sedatives and the current and desired level of sedation.

5.7 Clonidine

An alfa (a-2)-adrenergic agonist with a rapid onset action and short duration (the
peak action occurs in 10 minutes and lasts for 3-7 hours after IV single dose) that is
used for its anxiolytic and sedative effects and safety profile (preventing respiratory
depression or haemodynamic instability), treatment for NAS, although, withdrawal
symptoms were reported similar but less likely to benzodiazepines and opioids
[48]. There are various and unknown mechanisms related to its sedative and add-on
analgesic effects. Dosing: 0.001-0.003 mg/kg over 10 min (max. 0.0012 mg/kg/day
for intermittent dosing) or LD of 0.001 mg/kg over 10 min and 0.0005-0.001 mg/kg/
hour [49, 50] in a term neonate. Also, the Kinderformularium database recommends
clonidine dosing for term neonates only: LD 0.0005 mg/kg/hr., continuous infusion
and MD up to a maximum of 0.003 mg/kg/hour, continuous infusion. If a rapid effect
is desired, a loading dose of 0.001 mg/kg can be given in 15 minutes. Clonidine is
reported to have a risk of rebound phenomenon after its discontinuation, so preven-
tion of this phenomenon is recommended by slow weaning.

5.8 Ketamine

A general anaesthetic drug with a direct action on the cortex and limbic system
with a rapid onset of action (within 30 seconds after IV injection), peak onset of action
(5-6 min), and a medium-long duration following the IV single dose (5-10 minutes for
anaesthesia) or over 15-30 min for analgesia after IM administration. Adverse effects are
described among others (arrhythmias, bradycardia, tachycardia, hyper/hypotension,
increased salivation, vomiting, tonic-clonic movements, airway obstructions, respira-
tory depression and hallucinations, etc., difficult to objectify in ELBW neonates) [51].
Dosing: LD 0.5-1.0 mg/kg (maximum 2 mg/kg) while using more smaller doses fol-
lowed by IV continuous infusion 0.25 mg/kg/hour is more recently recommended [27]
for a term neonate. The Kinderformularium doses are LD at induction of anaesthesia:
0.5-1 mg/kg/dose once and MD 0.5-3 mg/kg/hour continuous infusion [42]. Alternative:
intermittent administration: 0.25-0.5 mg/kg/dose every 10-15 minutes [52].

5.9 Chloral hydrate

A hypnotic and sedative with CNS depressant properties similar to barbiturates.
The onset of action is 10-20 minutes, peak effect within 30-60 min, and duration
4-8 hours. Adverse effects are described as CNS symptoms (paradoxical excitement),
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EEG is not influenced, withdrawal syndrome is known for its prolonged use, and
warnings are reported in the paediatric population [53-55]. It is used orally and
rectally in neonates and is common for procedural sedation. The risk of accumulation
is known after 3 days in preterm and 7 days in term neonates, and hypoxia may occur
within 24 hours of administration in some reports. Dosing: 25-75 mg/kg max. 412 h
is administered orally/rectally in full-term neonates only 30 mg/kg/dose, once, and if
necessary, repeat after 30 minutes with 15-30 mg/kg/dose [56, 57].

5.10 Propofol

Propofol (2,6-diisopropylphenol) is an anaesthetic drug with a fast onset of action
(within 30 seconds) after IV injection and short-term anaesthetic effect (3-10 min)
depending on the dose, infusion rate and duration of administration in mechanically
ventilated neonates. Propofol is primarily used for induction/maintenance anaesthesia,
acute/procedural sedation (e.g. endotracheal intubation), secondary to the treatment of
seizures. However, side effects were described, including cardiovascular (dose-dependent
profound and prolonged hypotension) in preterm neonates (25.8-31.7 gestational weeks)
treated with or without hemodynamic instability and/or NEC if propofol was used as a
premedication for sedation at intubation, then metabolic (hypertriglyceridemia), respira-
tory (apnoea) and life-threatening episodes were reported (propofol syndrome, CNS
symptoms, etc.) [58, 59]. Dosing: for IV induction and the maintenance IV infusion with a
starting dose of 1.0 and 1.5 mg/kg to a maximum of 3.5 mg/kg /hour [60].

6. Conclusion

In recent decades, many findings have been published on pain management in the
neonatal population, increasingly in preterm neonates, but data are almost lacking for
ELBW neonates and the relevant pain profile (postoperative pain) in this population.
Except for clonidine, ketamine and chloral hydrate, drug doses have been published
for some drugs (morphine, dexmedetomidine and fentanyl), especially in neonates
below 37 weeks GA, and for paracetamol and midazolam in preterm neonates less than
32 weeks of PMA and GA respectively while insufficient data are available for fentanyl
derivatives (sufentanil) in preterm neonates and especially in ELBW neonates. This
period of life has specific pharmacological challenges due to extreme immaturity and
unpredictable drug efficacy and safety, so any contribution of knowledge and estab-
lished drug databases to optimize pain management in extremely low birth weight
neonates using a multimodal approach to pain management is essential.
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Abstract

Postoperative sore throat is a common complaint amongst patients who have
received general anesthesia and airway management. Several risk factors have been
associated to the presence of postoperative sore throat as well as interventions aimed
at reducing the incidence and intensity of the pain. The intensity of pain varies widely
through populations and can be as insignificant as a complaint or negatively associ-
ated with the quality of care during a procedure. The length of duration can be from
a few hours postoperatively up to a couple of days following the procedure and is also
linked to some surgical related factors. To this day there is no consensus on the best
way to prevent its appearance but understanding its pathophysiology as well as how
our medical interventions can affect the patient’s outcome is a step forward towards
decreasing its significance in the postoperative setting.

Keywords: postoperative sore throat, hoarseness, postoperative pain, airway
management complications, quality of care

1. Introduction

The incidence of postoperative sore throat (POST) varies depending on the source
from 15 to 60%. POST is mainly caused due to the pressure that the airway device
exerts on the respiratory mucosa. This pressure causes a reduction in blood flow
through the small capillaries which can cause an anoxic-ischemic local reaction. The
pressure and local inflammatory mediators can also activate local c fibers that signal
pain. The airway devices are made of silicone and PVC which even when lubricated
can adhere to the mucosa due to a normal reduction in local secretion of mucus sec-
ondary to the presence of a foreign body and cause trauma when removing the device.
In long procedures, the slight movements of the device can cause chafing of the area,
and local inflammation. The excessive manipulation of the airway in the presence of
a difficult intubation or inadequate laryngeal mask airway (LMA) size causes edema
that can further add to the inflammation and pain present in the postoperative period.
It has been theorized that the passage of cold anesthetic and medicinal gases in the
airway through the devices can also be a cause of airway irritation, similar to the use
of supplemental oxygen through nasal tips, but more evidence is necessary to confirm
this. It is evident that several factors add to the presence of inflammation and mucosa
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lesion which can be reduced by increasing awareness amongst anesthesiologists of its
importance. In 2010, a bi-continental survey demonstrated that patient dissatisfac-
tion is often due to postoperative nausea and vomiting (PONV) followed by POST
[1]. This highlights the need for our attention to this symptom and maneuvers aimed
towards preventing or reducing it.

2. Risk factors associated with POST

Risk factors have been largely identified in both patient specific details, as well
as surgical and anesthetic related factors. It is important to identify the patients risk
factors to plan accordingly and prevent this undesirable symptom when its presence
is looming. Pain is a subjective feeling and therefore can be influenced by the patient’s
state of mind prior to the procedure. Anxious patients are more likely to refer POST
as well as perceive a higher intensity of the pain. Sufficient information about what
to expect upon anesthesia emersion is important to help the patient cope with these
symptoms as they appear.

2.1Age

There have been different results depending on the population studied and have
found conflicting results. Some authors have found a higher incidence amongst young
patients [2], and others claim the incidence is higher amongst geriatric patients [3]. It
is well known that as we age, our nervous fibers become less sensitive to pain stimuli,
so it is probable that the risk factor of old age is more associated to difficult airways
that are common in geriatric patients, rather than old age itself.

2.2 Sex

Authors agree that female patients are more likely to report the presence of POST
as well as a higher incidence of intense pain [1, 4, 5]. This is explained due to smaller
airways in females in comparison to males which can translate to a tighter fit of the
device in the airway.

2.3 Airway device

POST is present in higher proportion of patients in which endotracheal intubation
was the airway management of choice compared to LMA [6, 7], and the incidence
is even higher when and endobronchial tube is used [2, 8, 9]. POST can be reduced
or even prevented in some cases with the use of a video laryngoscope [10], to reduce
airway manipulation and number of intubation attempts.

2.4 Difficult airway

Patients with predicted difficult airways, are more likely to present POST due to
the use of intubation stylets, multiple attempts for intubation or vocal cord lesion.
This risk is even greater when the difficult airway is not predicted during preopera-
tive evaluation due to an inefficient planning, which may result in even more airway
manipulation, and a blood stained ETT is more probable upon extubation.
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2.5 Endotracheal tube size

POST is importantly linked to the use of larger lumen endotracheal tubes (ETT).
Many authors have found a lower incidence of POST when reducing the ETT size
[2, 3,5, 6] even by 0.5 mm. Traditionally, larger ETT were selected to reduce airflow
resistance and provide better ventilation, but this intervention has little significance
when the ventilation is transitory as is in a surgical procedure. The adequate size of
ETT has not been determined to avoid adverse events regarding mechanical ven-
tilation, but a simple reduction in 0.5 mm in the size normally selected in healthy
patients seems to be a safe choice to reduce incidence of POST.

Nasotracheal intubation is also associated with higher incidence of POST due to
manipulation of the airway, ETT size and blood stained ETT upon removal. Until
now, the only maneuver that seems to reduce this risk when selecting nasotracheal
intubation is the use of fiberscope for its insertion as opposed to manual insertion
assisted by laryngoscopy and Magill clamps.

2.6 Cuff pressure

When using ETT or LMA, guidelines have always recommended the use of a
manometer to maintain cuff pressure ETT between 20 and 30 cmH20 and to monitor
every 30 minutes, or less if using nitrous oxide. Adequate control of intracuff pres-
sure can help reduce the incidence of POST [11].

The objective in the case of LMA is to not exceed 60 cmH20. On occasion, follow-
ing the manufacturer’s recommended fill volumes, pressures above 60 cmH20 can be
obtained [12].

2.7 Muscle relaxants

The use of succinylcholine has been associated with the presence of POST [2]
probable secondary to muscle fasciculations and intense potassium release that can
add to the known POST risk factors.

In emergency settings, some medical professionals may choose to avoid muscle
relaxants which can cause vocal cord lesions and elevate the risk for POST.

2.8 Anesthetic related factors

POST is usually present when the airway manipulation has been excessive. This
can be associated with difficult airway, use of intubation stylets and use of direct
laryngoscopy. Some authors have proposed that the expertise of the person who
performs the laryngoscopy could be a factor leading to presence of POST, but there
are conflicting results. What has been demonstrated is that a low time to secure the
airway can drastically reduce the incidence of POST [5]. Blood stained ETT upon
extubation has been linked to POST [9] which is expected since it is evidence of
excessive airway manipulation or use of a large ETT.

2.9 Surgical related factors

Long procedures resulting in endotracheal intubation for 3 hours or more was
highly associated to POST [3]. Gynecologic surgery has also been linked to higher
incidence of POST that can probably be explained by the extreme Trendelenburg
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position required for many laparoscopic gynecologic procedures which elevate the
pressure in the airway secondary to blood pooling in the upper body [9]. Head and
neck surgery has also been linked to higher incidence of POST, particularly otorhino-
laryngologic surgery.

3. Interventions for reducing incidence and intensity of POST

Interventions to reduce the incidence and/or severity of POST have been largely
studied varying from nebulized corticosteroids or magnesium, licorice, or ketamine
gargles, intracuff saline or lidocaine, and lidocaine or benzydamine spray on the
outside of the airway device. Non-pharmacological interventions consist in avoiding
large ETT and high-pressure cuffs as well as the use of a manometer to control the
cuff pressure during the procedure. The use of video laryngoscopy can reduce the
incidence of POST in difficult airways as it reduces the number of attempts to intuba-
tion and reduces airway manipulation, but the use of stylets has been associated with
a higher incidence of POST and several video laryngoscopes need a specific stylet for
the curvature of each device.

3.1Lidocaine spray

Lidocaine spray has proved NOT to decrease the intensity or presence of POST and
can even be linked to worse outcomes [13]. The lidocaine’s vehicle creates a film over
the mucosa and prevents normal secretion. This film then adheres to the mucosa and
can cause lesion and irritation when the device is removed.

3.2 Intracuff lidocaine

Lidocaine can permeate through the cuff towards the area of contact due to the
cuff’s semipermeable nature. The lidocaine tends to diffuse towards the area with a
lower concentration and attempts to achieve pH balance. Studies have shown that the
diffusion is consequently facilitated if the lidocaine is alkalinized. Authors agree that
arelation of 2% lidocaine 9 ml: sodium bicarbonate 7.5% 1 ml is an adequate solution
for optimal diffusion [4]. Intracuff alkalinized lidocaine can reduce the incidence and
severity of POST up to 50% [14, 15].

3.3 Benzydamine spray

Benzydamine spray on the outside of the device has been widely used with much
better results that lidocaine spray, reducing the incidence of POST in comparison to
placebo but has not been effective in concomitant use with intracuff lidocaine [4, 16].

3.4 NDMA antagonists

Magnesium has been shown to be more effective than ketamine to reduce the
incidence and severity of POST [13, 17] but has little clinical use due to the difficulty
for preoperative nebulization as well as the added costs in both public and private
settings since the equipment for nebulization is not generally necessary in a healthy
patient undergoing surgery.
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3.5 Multimodal analgesia

With the advent of the opioid crisis across the globe, multimodal analgesia has
become much more appreciated. Current recommendations include the use of opioids
as rescue analgesics in the post-anesthesia care unit (PACU). Conventional analgesia
generally includes a non-steroidal anti-inflammatory (NSAID) drug, paracetamol/
acetaminophen, and a short life steroid. POST has been compared in patients who
have received multimodal analgesia vs. single drug analgesia and have found a superi-
ority of dexamethasone in combination with other analgesic drugs for the reduction
in incidence and severity of POST [18, 19]. Opioid sparing anesthesia has also proven
beneficial to reduce the incidence of POST, mainly secondary to the use of intrave-
nous lidocaine, magnesium and/or dexmedetomidine in perfusion [19].

4, Conclusion

When patients present with more than one risk factor, we recommend interven-
tions on behalf of the anesthesia providers to reduce the incidence and intensity of
POST. In healthy patients, one may consider the use of a smaller ETT with the con-
comitant cuff pressure control with the use of a manometer. The use of benzydamine
spray on the outside of the ETT or alkalinized lidocaine inside the cuff have proven to
be effective and low-cost interventions which can reduce the intensity of POST. The
use of multimodal analgesia has been recommended for a few years now as a staple
for any anesthetic procedure and can be extremely beneficial for the prevention of
POST. Intravenous lidocaine before suction and extubation can reduce the presence
of coughing, and improve ETT tolerance upon emersion [20], given the patient has no
contraindication for its use which is beyond the scope of this chapter.

Additionally, extubation parameters may contribute to POST, including but not limited
to blood stained ET'T, presence of blood during suctioning, coughing during emersion and
delay to extubation once awake [21]. These factors are usually associated with those above
mentioned as are difficult airway and excessive airway manipulation. These parameters
can be modified or prevented in some cases with maneuvers such as use of multimodal
anesthesia or lidocaine bolus to increase ETT tolerance upon emersion and suctioning,

POST is a very common complaint following anesthetic procedures and should not
be overlooked.
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Appendices and nomenclature

POST postoperative sore throat

PONV postoperative nausea and vomiting
LMA laryngeal mask airway

ETT Endotracheal tube

PACU post-anesthesia care unit

NSAID non-steroidal anti-inflammatory
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Abstract

Pain after thoracic and breast surgery is a common phenomenon, and it is usually
influenced by various factors including surgical, patient, and cultural factors.
However, the pain that patients who have undergone breast or thoracic surgery expe-
rience has either been overlooked, undermanaged, or managed solely with pharma-
cotherapy by healthcare providers. This oftentimes result in impacting the patients’
recovery process and even quality of life. Literature has identified that inadequate
pain management after breast and thoracic surgery and the resultant side effects of
pharmacological therapies can be reduced by including non-pharmacological interven-
tions into patients’ care plan. Some of the recommended interventions include music,
massage, aromatherapy, cold therapy, meditation, acupuncture, and transcutaneous
electrical nerve stimulation. Most of these non-pharmacological therapies are easy to
use, promote patients’ involvement in their own care, have no or minimal side effect,
and are cost-effective. Therefore, it is essential for healthcare providers to include
non-pharmacological pain management in the plan of care even before surgery.

Keywords: acute pain, non-pharmacological, management, breast surgery, thoracic
surgery

1. Introduction

Postoperative pain is generally short term and acute in nature. It arises from injury
of tissue which resulted from surgical procedures [1, 2]. Of all surgical procedures,
thoracic and breast surgeries cause significant severe postoperative pain and suffer-
ing to patients [3]. For this reason, provision of adequate and effective postoperative
pain relief is the paramount goal for thoracic and breast surgery patients during
postoperative period. Inadequate pain management after surgery can be caused by
several reasons including limited translation of current best available evidence to
guide quality pain management in clinical praxis [4]. Standardised and streamlined
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pain management of patients who undergo these surgeries also requires knowledge
and concept of evidence-based interventions to assure the quality and success of the
management.

2. Postoperative pain after thoracic surgery

Thoracic surgery involves several pain sensitive structures with a number of
pain transmission and perception; hence, patients are expected to experience severe
pain within the first 72 hours after surgery [5]. Arising from surgical approaches and
intraoperative manipulations of the thoracic structures, pain after thoracic surgery is
commonly acute in nature with high severity in the immediate postoperative period
[5]. Some of the descriptors used by patients to describe pain after thoracic surgery
may be suggestive of mixed pain (acute pain and neuropathic pain), which when not
adequately managed can result in chronic pain [6, 7].

Post-thoracic surgery pain has a complex mechanism that mostly occurs due
to nociceptive and neuropathic signals that originate from somatic and visceral
afferents [8]. Nociceptors are stimulated by the skin incision, muscle retraction,
rib retraction, stretched ligaments, costochondral joint dislocation, and intercostal
nerves injury [9-11].

Due to intra- and postoperative thoracic surgical approach and manipulation,
noxious stimuli are transmitted by the intercostal nerve from the structures of the
chest wall and pleura cavity to the nociceptive neurons in the central nervous system
[8, 12]. The ipsilateral dorsal horn of the spinal cord (T4-T10) receives nociceptive
somatic signals after a surgical trauma (incision, retraction, etc.) to the thoracic area
[8, 11]. Then, the afferents are transmitted to the limbic system and somatosensory
cortices through the contralateral anterolateral system.

Surgical manipulations of the structures of the chest including the pleura,
diaphragm, or bronchi also initiate visceral stimuli. Nociceptive visceral afferents
stimulated from tissue injury around bronchi and visceral pleura are transmitted by
the vagus and phrenic nerves, the noxious stimuli arising from the diaphragmatic
pleura are transmitted via the phrenic nerve, while mediastinum, lungs, and medi-
astinal pleura noxious stimuli are transmitted by the vagus nerve to the pain receptor
[8]. Noxious stimuli resulting from surgical incision-induced tissue damage around
the surgical sites are transmitted to the pain receptor in the central nervous system.
These transmissions activate and sensitise nociceptor to develop an inflammatory
response which further stimulates nociceptors and amplifies the transmission of pain,
thereby increasing pain perception and hyperalgesia or increasing pain intensity at
the surgical site [12].

Furthermore, noxious stimuli as afferent impulses resulting from visceral pleura
irritation are referred to the ipsilateral shoulder by the phrenic nerves and become the
major cause of ipsilateral shoulder pain after thoracic surgical procedures or post-
thoracotomy shoulder pain [9-11]. Additionally, pain development is exaggerated
by brachial plexus stretching and posterior thoracic ligaments distraction [11, 13].
Shoulder pain after thoracic surgery is often developed in the early stage or immedi-
ately after surgery lasting for a few days with usually moderate to severe intensity and
mostly described by patients as an ache [14].

Compression and irritation of the intercostal nerves by chest tubes and surgical
stripping or residual pleural blood may further activate inflammatory response [8, 9].
Consequently, inflammatory mediators (e.g. prostaglandins, histamine, bradykinin,
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and potassium) are released [8-11]. The release of prostaglandins, neurotrophins, and
interleukins contributes to the activation of nociception and sensitisation [12].

Damage to nerves, most often the intercostal nerve injury resulting from
mechanical damage, rib retractor, compression, or rib fractures as well as phrenic
nerve irritation from chest tube placement has been reported in the literature as
major contributors to neuropathic pain. Chest tubes after thoracic surgery also
cause severe pain in cases where the tubes compress the intercostal nerves. In
addition, the presence of sutures or wires passed around the ribs and closer to the
neurovascular bundle may result in intercostal nerves damage, thus leading to
neuropathic pain [11].

In a nutshell, for most patients undergoing thoracic surgery, there are several
components and mechanisms that contribute to pain development. This may be a
combination of acute, somatic, visceral, and neuropathic pain. The pain may also
arise from incision, rib removal or damage, injury to the intercoastal nerve, pulmo-
nary parenchyma incision and the presence or continuous irritation from chest tubes.

3. Postoperative pain after breast surgery

At some point in breast cancer treatment trajectory, patients may undergo
surgery [15]. Hence, surgery is a treatment that has become the first line of
approach against breast cancer. Surgery can be either breast conserving, such
as lumpectomy, or a complete removal of all breast tissue, called mastectomy.
The specific surgery depends on the stage and type of tumour a patient has [16].
Women with stage I, II, and III breast cancer can be treated with breast surgery
including breast conserving surgery for stage I breast cancer and mastectomy for
stage II and III breast cancer [17].

Irrespective of the type of breast surgery, patients experience postoperative
pain. The pain responses usually stem from the surgical procedure itself. In the
immediate postoperative period, the pain experienced by breast surgery patients
is usually nociceptive and acute in nature and may be moderate or severe in nature
[18]. Nociceptive pain is a type of pain that is characterised by localisation around
the damaged tissue and resolves within the normal healing time [19], while acute
pain is a type of pain characterised by sudden onset after tissue damage and high
severity [18].

The nature of postoperative pain that occurs immediately after mastectomy is
complex and multimodal in nature. For pain to be experienced, an external stimulus
is usually transported via thin myelinated (i.e. A-3 fibres) and non-myelinated (i.e.
C-fibres) fibres whose receptivity are determined by the control of sodium/calcium
or potassium channels [20]. When the stimuli transported through C-fibres are more
than those transported in A-8 fibres, little or no pain is experienced and vice versa
[21]. This type of pain is constantly moderated by the brain stem and cortical path-
ways, and there may be a facilitation or inhibition of pain that further regulates both
the sensory and emotional aspects of pain [19].

With pain after mastectomy, the severity experienced by individuals varies based
on the degree of modification of the contact between the synapses, nociceptors,
neurons at the dorsal horn of the spinal cord, and other nociceptive signal modulation
structures in the central nervous system [20]. Depending on the severity of the pain,
pain management regimen is prescribed [19] that may require the use of strong pain
management regimen including opioids [22].
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4. Impacts of postoperative pain on patients after thoracic and breast
surgery

Postsurgical pain after surgery, sub-optimal or untreated pain has profound
impacts or negative effects on patients. Pain after surgery usually and directly
impedes respiratory function, mobilisation, delays recovery, increase duration of
hospitalisation and hospital care costs of patient [6, 23-26].

The severity of pain is usually increased due to tension on the incision as a
result of movement or mobilisation, deep breathing, and/or coughing [10, 11]. Asa
result, postoperative altered or impaired pulmonary function as well as postopera-
tive pulmonary complications in postoperative patients is common and becomes
the main clinical impact especially after thoracic surgery due to pre-existing lung
disease, surgery-related loss of parenchyma, and inadequate postsurgical pain
management [9, 27].

The surgical wound continuously moves as patients breathe, move, and cough,
which worsens pain. Directly, pain impedes patient’s performance of deep breathing
which consequently limits inspiration, decreases lung compliance, and decreases
functional residual capacity, thereby leading to postoperative atelectasis and
hypoxemia [8, 10]. Likewise, ineffective coughing results in retention of secretions
resulting in developing postoperative pneumonia [9, 11]. Furthermore, the devel-
opment of shoulder pain causes patients to splint shoulder and decrease shoulder
movement which impairs and causes gradual loss of both active and passive shoulder
function [13, 28].

For most women who had undergone breast surgery, the impact of acute pain
varies and may be dependent on whether the surgery is breast conserving or
mastectomy with or without reconstruction. Additionally, psychosocial, physi-
ological, and other individual risk factors contribute to the impact of pain on breast
surgery patients [29]. A long-term impact of acute pain after breast surgery is the
occurrence of persistent pain, which could result in negative health status and poor
quality of life. If acute pain after breast surgery is inadequately managed, it may
negatively impact sleep, work, interpersonal relationships, and activities of daily
living [30].

5. Factors influencing acute pain after thoracic and breast surgery

Pain after breast and thoracic surgery is usually influenced by several factors
that can be mainly categorised into patient factors, surgical approach, and anal-
gesics technique factors [8, 14]. Previous studies have been conducted to examine
determinants of pain after thoracic surgery. These are, however, mainly focused on
determinants of post-thoracotomy pain syndrome or long-lasting pain after thoracic
surgery [31].

5.1 Patient factors

A few studies have been done to determine how patient factors influence post-
surgical pain intensity and response. Reports from the previous literature regarding
gender differences and pain perception revealed female patients are less tolerant of
noxious stimuli, frequently complain of severe and diffuse pain, and have higher risk
for developing chronic pain than male patients [32, 33].
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Age has also been identified in existing literature as a significant predictor of
post-operative pain. The pharmacokinetics of pain medications can be affected by
advanced age as the older adults are more sensitive to systemic opioids. For instance,
a previous study revealed that elderly patients required 40% less amount of thoracic
epidural analgesia because of the difference in thoracic epidural spread in the elderly
[34]. A study conducted on 1231 patients to identify the risk factors contributing to
postoperative pain in a referral hospital in developing country revealed younger age,
female gender, and emergency surgery [35].

Another study conducted in a university hospital in Northeast Ethiopia showed
American Society of Anaesthesiologists’ Physical Status Classification System class
I and II, general anaesthesia, and incision length exceeding 10 cm as risk factors
contributing to postoperative pain [36]. Although younger age, being female, a
history of depression and anxiety, and the lack of preoperative education about pain
management are more likely to increase risks of severe acute post-surgical pain, a
recent literature suggests that these risks have not been evidenced in thoracic surgery
patients [37]. Furthermore, increased body mass index (BMI) has been recorded in
a previous study to influence severity of pain as well as delay recovery after surgery
[38]. To date, current evidence has been focused on predictors of persistent pain after
thoracic and breast surgery with less attention to acute pain.

Since pain experience is subjective, sensory, and emotional, psychological factors
can influence pain perception and pain experience. Pre-operative anxiety, depressive
mood, and catastrophising have been shown to lower pain thresholds, thus predicting
a more severe post-operative pain [14]. For this reason, assessment and management
of patients’ preoperative anxiety, depressive mood, catastrophising, and others nega-
tive moods become another essential role for nurses in preoperative preparedness.
These require establishing good rapport and relationships with patient and family
member, including implication of cognitive behavioural strategies and distraction
techniques [14, 37].

Previous pain experience may influence the ways of thinking and responding or
coping with pain after surgery. Patients who are vigilant or too concerned about pain
and have negative thought or expectation about pain may influence the way they
respond to pain or report worst pain after surgery. Furthermore, the past pain experi-
ence together with socio-cultural factors influences people on constructing certain
assumptions, beliefs or myths, and attitudes about pain and pain medication [39].

In addition, experiences of pain medication used as well as existing pain before the
present surgery and the previous surgeries have been recorded in literature as factors
influencing pain after surgery. Use of opioids, anti-depressant, anti-convulsant, and
the existing pain preoperatively, especially at a previous surgical site, are revealed as
the predictors of moderate to severe postoperative pain [5].

The way people express pain or give meaning to their pain experience is partly
influenced by their cultural background. Cultural stereotype conformed or shared
by members of the same group passed from generation to generation affects pain
expression in diverse ways. Often a patients’ response to pain reflects whether they
are members of a stoic or emotive culture. Stoic patients, mostly from African and
Asian cultures, scarcely express their pain but “grin or bear it”. In particular, the stoic
culture promotes not drawing attention to ones’ self, especially in a negative light
[40]. Additionally, openly complaining or being assertive are considered inappropri-
ate in a stoic culture while behaving in a dignified manner is considered appropriate.
For this reason, although an individual feels pain, it is not culturally appropriate to
express it [40]. Moreover, African and Asian patients will avoid making demands
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or questioning or bothering healthcare providers with complaints about pain.
Meanwhile, emotive patients, mostly from Western cultures, are likely to verbalise
their pain, prefer to have support around with an expectation that people react to
their pain by validating what they are feeling [40].

Lastly, in some religion, pain acceptance hinged on a person’s religious faith. For
instance, Muslim patients may accept or reject pain medication based on their belief,
and they could also consider their pain as God’s blessing or believe that God can give
them the ability to bear the pain. Meanwhile, Buddhists patients show stoicism when
they experience pain and pain is viewed as common and accepting suffering leads to
spiritual growth [40].

5.2 Surgical factors

The intensity of postoperative pain that a patient experience can be in part due to
the technique used for the surgery [11]. Oftentimes, surgical methods or approaches
that require more incisions or dissection of chest wall muscles can increase the
postoperative pain intensity [11, 36]. Thoracic surgeries have been performed using
several surgical techniques, and approaches mainly open thoracotomy and video-
assisted thoracic surgery (VATS) [27, 41]. Although with open thoracotomy, reducing
the size of the incision, using an appropriate muscle closing technique, or avoiding
incising the latissimus dorsi may help reduce surgical tissue injury [11], VATS was
created to limit the size of surgical incision and to avoid intercostal nerve damage in
order to reduce pain after surgery [8, 11]. Thus, a longer incision and extended tissue
trauma in open thoracotomy is expected to cause higher pain intensity compared with
VATS [10]. Nevertheless, in women undergoing breast surgery, surgical techniques
that require axillary lymph node dissection are predictive factors for severe postop-
erative pain [42].

6. Pharmacological pain management after thoracic and breast surgery

Current postoperative pain management methods have recommended the use
of multimodal analgesia approaches to improve analgesic efficacy and minimise
side effects. The multimodal analgesia is acknowledged in its significant role in all
enhanced recovery after surgery pathways (ERAS) to manage pain, reduce stress
responses, facilitate early mobilisation, and normal respiration [25, 43]. According to
Montgomery and McNamara [44], multimodal analgesia has been acknowledged as
effective pain management especially for preventing and controlling postsurgical pain
as well as reducing side effects of opioid, hastening recovery, and shortening hospital
stay. In the multimodal analgesia regimen, two or more analgesia and/or analgesic
techniques with different mode or site of action are combined to produce more-
effective analgesia than a unimodal regimen [25]. In multimodal approach, individual
analgesia is recommended to be used at lower doses as this helps to reduce the side
effects of each medication. Importantly, the central aim of multimodal analgesia is
to avoid using opioids or reduce opioids consumption and thereby reduce the risk for
opioids side effects that cause delay in recovery [25, 43].

For patients undergoing thoracic surgery, multimodal analgesia includes regional
anaesthetic blockade in combination with using systemic nonopioid analgesia
with opioid sparing [45]. Post-thoracic surgical pain therefore is expected to be
treated with combinations of local anaesthetics, acetaminophen, non-steroidal
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anti-inflammatory drugs (NSAIDs), anticonvulsants, adrenergic agonists, and
opioid-sparing methods [45-47].

Meanwhile for women undergoing breast surgery, typical pain management is a
combination of opioids, non-opioids, non-pharmacological techniques, anaesthesia
techniques, and patient-controlled analgesia techniques [47]. With these approaches,
pain management can span through the intraoperative and postoperative periods.
Intraoperatively, preventive pain medications employed for mastectomy patients
include drugs such as nefopam, ketamine, and bupivacaine, with or without cloni-
dine. All these medications have been reported to significantly reduce pain intensity
after BC surgery, and they have long-term effects on pain experienced after surgery
[48-51]. Moreover, the techniques employed in delivering the preventive medication
(e.g. thoracic paravertebral block) reduced the pain score in one study [52], while a
combination of paravertebral block with propofol significantly reduced the pain score
in another study [53].

For both thoracic and breast surgery patients, the non-opioid drugs such as
acetaminophen, NSAIDs, local anaesthetics, and anticonvulsants are combined with
opioids-sparing analgesics or lower doses of opioids to manage postoperative pain
[14, 25, 45]. These non-opioids limit the adverse effects of opioids including sedation,
urine retention, nausea, pruritus vomiting, and slow gastrointestinal functioning in
the multimodal regimen [46]. There is limited evidence about the recommended anal-
gesic regimen for patients undergoing breast surgery in the ERAS pathway. However,
the analgesics regimen recommended as multimodal analgesia for pain management
in ERAS after thoracic surgery by Mehran et al. [45] are illustrated in Figure 1.

7. Non-pharmacological pain management after thoracic and breast
surgery

Nonpharmacological interventions are essential to multimodal postoperative pain
management and have been reported in the previous literatures to effectively relieve
postoperative pain [54]. Notably, non-pharmacological pain management is not
clearly presented in the existing pain management in an enhanced recovery pathways
because it lacks high-quality evidence to support its use [44, 45]. According to clinical
practice guidelines, non-pharmacological interventions are considered as adjunctive
therapies of pharmacological interventions for postoperative pain management.
These are transcutaneous electrical nerve stimulation (TENS), music therapy, cogni-
tive-behavioural techniques, breathing relaxation technique, and cold therapy, mas-
sage, and acupuncture [47]. In accordance with the recommendations from national
Centre for Complementary and Alternative Medicine about non-pharmacological
pain management therapies for adults, the mechanism of each intervention is sum-
marised in Table 1.

Non-pharmacological therapies can be beneficial in decreasing patients’ pain [56],
and they are suitable for use because they are non-invasive, have more benefits than
harm and can be readily used by nurses [57]. However, consideration of patients’
preference when using non-pharmacological interventions is essential [47, 58].

7.1 Preoperative education

Preoperative education is defined as the provision of information to patients
awaiting surgery as a means of psychological preparation for surgery and the
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Figure 1.

Gabapentin 300 mg orally three times a day for 30 days

Use the pediatric dosage (100 mg three times a day) for geriatric
patients or those experiencing lightheadedness
Acetaminophen 1,000 mg IV every 6 hours for 48 hours, then
1,000 mg orally every 6 hours

Ketorolac 15 mg IV every 6 hours for 48 hours (if not
contraindicated)

Celecoxib 200 mg orally twice a day

Famotidine 40 mg orally twice a day while receiving Ketorolac
or Celebrex

Tramadol 50 mg orally every 6 hours as needed as first rescuc
medication if the patient reports a pain score higher than 4 on a
10-point scale

Hydromorphone 0.5 mg IV every 15 minutes up to 2 times as
needed as second rescue medication if the pain is not relieved
with tramadol

If pain persists, a patient-controlled anesthesia pump with
hydromorphone

Ondansetron 4 mg IV every 6 hours as needed for nausea
Controlled with celecoxib, acetaminophen, and gabapentin and
continued at discharge, along with tramadol 50 mg orally 4
times a day as needed

For breakthrough pain, patients who require rescue
hydromorphone are discharged with the above medications and
a prescription for a hydromorphone 2 mg orally every 4 hours
as needed

A dedicated follow-up nurse calls for all patients within 72 hours
to address issues associated with pain and wound care

Pain management in an enhanced recovery pathway after thoracic surgery according to Mehvan et al. [45].

Non-pharmacological method Mechanism

Preoperative education

Acupuncture Balances energy channels in the body that helps reduce
pain

Relaxation therapies (music, meditation, Help increase energy levels and improve mood that

aromatherapy) trigger body to release endorphins

Physical therapies (massage, cold and ice

application)

prevent tissue damage

Transcutaneous electrical nerve stimulation Reduce muscle spasm and soft tissue oedema

Table 1.

Mechanism of action for various non-pharmacological methods. Adapted from national centre for complementary

and integrative health (NCCIH) [55].

postsurgical recovery process [59]. Preoperative education is one of the most effective
ways to control anxiety in patients awaiting surgery [60], and it serves to enhance
patient involvement in their postoperative pain management through informed
decision-making [47, 61]. Additionally, preoperative education allows the patient to
adequately prepare for the surgery and to manage postoperative pain effectively [60].
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The information provided during preoperative education usually covers the surgical
process, anaesthesia, pain, and what to expect after surgery [62-64].

The key thing to remember is preoperative preparedness as well as preoperative
education and counselling for appropriate pain relief and control after surgery [8, 47].
Before surgery, according to Chou and colleagues, individualised and family-oriented
education as well as mutual goal setting should be allocated in relation to appropriate
pain relief after surgery [47]. For instance, education about types of pain, sources
of pain, when and how to report pain using pain chart, pain medications commonly
used, and side effects should be included in preoperative teaching [47].

Adequate information regarding pain assessment, proposed analgesic medication
and technique, complications, and its management are recommended whenever
possible [8]. The patient education does not exclude non-pharmacological pain
management methods or techniques according to preference of each individual
patient (e.g. massage, music therapy, cold application, and distraction techniques).
Encouragements to use and choose a preferred non-pharmacological therapy in
combination with skill development are also performed preoperatively [46, 47].
Oftentimes, surgery-related information is provided by surgeons. However, it is more
effective when the anaesthesiologist also provides patients with information related
to anaesthesia alongside the information provided by the surgeon [65]. According
to Chou and colleagues, effective preoperative education should include detailed
information related to treatment options, type of pain, expectations, and goal setting
for the pain intensity the client intend to achieve postoperatively [47]. The informa-
tion that is included in a preoperative education is especially important for younger
women because they have higher risk for severe postoperative pain [37].

The effectiveness of preoperative teaching using a variety of teaching strategies has
been examined by the previous studies, which revealed the benefit of it [59, 66, 67].
According to Ramesh and colleagues, patients who are well informed before surgery
tend to experience little pain [59]. Preoperative education can be delivered to patients
individually or in groups [60] through face-to-face sessions or technological devices
[47]. Information can be provided by lecture, booklets, pamphlets, videos, audiotapes,
and technology-assisted devices [47, 68]. Written information can also be used to
reinforce information provided verbally to patients and vice versa [60, 64]. Using either
of these means, preoperative education can be provided to different surgical patients.

Irrespective of the patient education method chosen, delivering the informa-
tion too quickly and inadequately can hinder the patient’s understanding of and the
sufficiency of the information, as well as their satisfaction with the preoperative
education [60]. This includes patients awaiting all types of surgery [66], knee surgery
[64], spinal surgery [62], cardiac surgery [61, 69, 70], abdominal surgery [71], renal
surgery [63] and breast cancer surgery [72]. Most of the studies reported that preop-
erative education was effective in controlling anxiety in patients awaiting surgery and
pain after surgery.

7.2 Acupuncture

Acupuncture is a non-pharmacological intervention that helps to reduce pain by
stimulating specific nerve points called acupoints. Acupoints are a few dynamic,
complex structures that consist of blood vessels, mast cells, and nerve fibres [73].
The acupoints are reached with the help of thin, solid metallic needles that penetrate
the skin. Acupuncture technique has been used in Asia for thousands of years as part
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of traditional Chinese, Japanese, and Korean medicine [74]. Acupuncture can be
delivered as manual acupuncture or electroacupuncture [73, 74]. Manual acupuncture
is conducted by inserting the needle into the skin at the corresponding acupoint, and
then, the needle is moved in different direction to stimulate the acupoint mechani-
cally. Meanwhile for electroacupuncture, mechanical and electrical stimulations of
acupoints are achieved by passing electric currents through acupuncture needles [73].

Acupuncture is believed to be governed by three main principles which are
modulating yin and yang, differentiating between primary and secondary Qi (i.e.
vital energy), and inhibiting pathogenicity and enhancing immunity [75]. The
achievement of these main principles is based on the theory of meridians, collaterals,
and acupoints. Meridians (“Jing and Luo”, ‘links or connection’) are the transport
pathways for Qi and blood, controlling yin and yang, connecting Zang organs with
Fu organs, and connecting the external and internal as well as the upper and lower
body of humans [76]. Collaterals are thin networks of small interwoven channels that
run throughout the body [75]. According to this theory, diseases are treatable through
acupoints as they are closest to the body’s surface. Through acupoints, meridian
obstructions can be removed, Qi and blood can be controlled, inadequacies can be
reinforced, and excesses can be curtailed [76].

Although acupuncture’s mode of action in pain relief is not fully understood, some
studies have posited that acupuncture triggers the release of endogenous opioids and
neurotransmitters that are responsible for pain control [77]. Pain control begins at
the acupoint where acupuncture-induced signals are generated and transmitted to
the brain via the spinal cord. As the signals reach the brain, there is a rise or decline in
many neurotransmitters, inflammatory factors, and pain relief modulators [73]. The
ability of acupuncture to control pain depends on acupuncture manipulation, sensa-
tion, acupoint, pathological status, and the type of pain [78].

In general, the effectiveness of acupuncture has been widely contested because its
mechanism is yet to be fully understood [79]. However, some systematic reviews have
reported that acupuncture is effective in relieving cancer pain [80, 81], low back pain
[82-84] and postoperative pain [85-87]. For women who have undergone mastec-
tomy, acupuncture was used in one study for acute pain management and was found
to be effective [77].

8. Relaxation therapies

Relaxation therapies have also been recommended for pain management after
surgery [46, 47]. A few interventions belong to this group of therapies because they
share some similar components and requires patient’s acceptance and rapport build-
ing before its initiation [46]. These interventions include breathing exercises, music
therapy, aromatherapy, and meditation [5, 46, 47].

Previous studies about relaxation therapies have focused on music therapy
[88, 89], meditation [90, 91], and aromatherapy [92, 93]. These studies have sup-
ported that after breast or thoracic surgery, relaxation therapies reduce pain intensity
as well as pain distress at rest, during deep breathing and turning.

8.1 Music interventions

The history of utilising music for healthcare purposes dates to the sixth century.
However, Florence Nightingale recognised its importance in the clinical area in the
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eighteenth century [94]. Since then, music has been widely used for anxiety reduction
and pain management across various patient populations—including preoperative
and postoperative patients—because it is not physically or cognitively tasking [95].
Music has also been used to control blood pressure, respiratory rates, and heart rates
of various groups of patients because it promotes relaxation [5, 96-99].

The way patients respond to music differs and is mainly dependent on the patients’
knowledge about the music, culture, environment, and preferences [100]. Finlay and
Anil concluded in their study that the types of music that have been successfully used
to improve patient outcomes include music that the listener is familiar with, prefers,
and can resonate with emotionally [101], because personal preferences and familiarity
can stimulate attention to the music, thus distracting patients [102].

The positive effects of music on anxiety are made possible through distraction,
which occurs when lyrics or the sound of familiar music occupies the attention centre
of the brain, creating meaningful auditory stimuli [100]. However, the precise mech-
anism of pain reduction that music elicits is not widely understood [103], though the
benefits have been established through research [104]. One of the methods that music
is believed to use to relieve pain is inherent in the cognitive and emotional characteris-
tics it possesses, which allows it to act as an external and distracting stimulus [102].

Music can be used passively through listening to downloaded songs or songs on
compact discs or actively through singing and drumming [100, 105]. Beyond the
familiarity, culture, and environment of the patients and the mode of music delivery
(i.e. active or passive), music has six main components that also influence patient’s
response to music. Each of these components is processed by the brain through
different pathways [106]. These components include volume, tempo, rhythm, pitch,
melody, and timbre. Controlling these components will result in either relaxing music
or stimulating music [107], which will have different effects on patients, depending
on their preference and familiarity with the music [108]. To further enhance the
effectiveness of music in clinical settings, music should be set at 60 to 80 beats per
minute [109], and patients should be allowed to control the volume of the music
[105]. Music should also be played for 20 to 60 minutes on portable devices for
individuals or public address systems for groups [100, 105, 109].

Evidence from the previous literature has revealed that music is beneficial to
patients experiencing pain [106, 110], and music is effective in reducing pain among
cancer patients [111] and patients awaiting surgery [112]. Previous studies have also
reported that music is effective in reducing pain in patients who have undergone a
bone marrow transplant [113] and knee surgery [114]. For patients undergoing breast
cancer surgery, a recent systematic review also reported that music interventions
effectively reduced acute postoperative pain [87].

8.2 Meditation

Meditation is the process of training one’ attention and consciousness via the
voluntary regulation of mental processes [115]. Meditation is an important method
of understanding the nature of the mind and a means to attain a certain degree of
consciousness. Meditation is a common religious practice in both the East and West.
The techniques used in the East and West are similar, including “breath-oriented
multitasking meditation”, mindfulness meditation, and relaxation response [116].
Meditation involves a self-regulatory process that can improve symptoms through
the maintenance of the balance of autonomic responses [117]. These responses
include improved vital signs (i.e. pulse rate and blood pressure), cardiac activities,
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and oxygen consumption [116], all of which are cardinal consequences of inadequate
anxiety and pain management.

Meditation as a non-pharmacological intervention engages three main structures
in the brain, including the anterior cingulate cortex, the anterior insula, and the
ventromedial prefrontal cortices [118, 119]. A steady practice of meditation results
in higher activities at the ventromedial prefrontal cortices, causing a greater level of
anxiety reduction [119]. Meanwhile, when meditation is used for pain management,
the three main structures interact with pain in the limbic-thalamic region because
both pain and meditation elicit affective, sensory, and cognitive responses [118]. This
interaction results in the activation of the endogenous opioid system [120].

Although meditation has three main techniques, the most commonly researched
one is mindfulness meditation. In general, meditation has been found to be effec-
tive in reducing anxiety in patients undergoing cardiac surgery [121] and for pain
management in patients with cancer, fibromyalgia, migraines, and irritable bowel
syndrome [122], as well as for patients after abdominal surgery [91]. However, there
is limited evidence on its use after breast surgery, thus creating a dearth in evidence
on its effectiveness for postoperative pain management in patients undergoing
breast surgery.

8.3 Aromatherapy

Aromatherapy is a botanical therapy that reinforces the therapeutic value of smell
and sometimes touch during care delivery [123]. The botanical nature of this therapy
involves the use of plant oil for health purposes. According to Tamaki and colleagues,
aromatherapy is the application of extracted essential oils—from flowers, herbs, and
other parts of the plant—to treat different illnesses [124]. The use of aromatherapy
has a long history as it was practiced in ancient Mesopotamia, Egypt, China, Greece,
Rome, and Israel. However, modern-day aromatherapy was developed by a French
scientist who accidentally dipped his burnt hand into a jar of lavender oil, and the
wound healed rapidly without a scar. Since then, modern medicine has researched the
use of essential oils for health purposes [125].

Although aromatherapy’s mechanism of action has been widely contested by dif-
ferent scientists, most believe that the link between the olfactory and limbic systems
is the main pathway for its action of influencing mood and emotions [126]. Once the
odour of an essential oil binds to a certain protein in the olfactory cells, it stimulates
the olfactory nerve, which transmits a signal to the limbic system and the hypothala-
mus [125]. In the limbic system, the amygdala, which controls emotional responses,
and the hippocampus, which controls explicit memory formation and retrieval,
then transmit a signal to the cerebral cortex. The cerebral cortex allows interaction
between thoughts and feelings and the brain centre that controls stress and hormone
levels and vital signs [123]. Aside from the assimilation of essential oil through the
olfactory system, it can also be assimilated through the skin and mucous membranes
by diffusion [123, 125, 127, 128]. However, inhalation appears to provide the most
rapid effect. Similarly, it is believed that the chemical properties and composition of
an essential oil are what determines how effective a specific type of oil may be [123].
According to Halcon, there are various essential oils that can be used when delivering
aromatherapy, but the commonest essential oil used in the previous studies was laven-
der oil through inhalation [123].

In the clinical setting, aromatherapy has been mainly used to manage pain,
anxiety, agitation, nausea, and insomnia and to prevent infection. For each symptom,
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the mode of application may vary from inhalation and ingestion to topical application
[123]. However, most of the previous research has focused on the use of aromatherapy
to control stress symptoms, especially anxiety among various patient populations
including patients waiting for surgery [129-131]. This can be due to the already
established understanding of the connection between aromatherapy and the limbic
system, which is the centre of emotions. Meanwhile, some other studies have been
conducted to test the effects of aromatherapy on the mood and pain of patients

undergoing various breast cancer treatments including surgery and thoracic surgery
(124, 132-137].

8.4 Physical therapies
8.4.1 Massage

Massage belongs to the group of physical therapies, and it is seen as essential to
health and well-being [138] which provides pain relief either during or immediately
after the intervention [47]. Massage is the use of manual methods and adjunctive
treatments to positively affect patient’s health and well-being. The root word of
massage is from the Arabic word “mass’h”, which means “press gently” [139]. Massage
has gained widespread popularity for preoperative anxiety management [140] and
for pain management among hospitalised patients [90, 141]. However, massage has
been mostly used for pain management [142]. Massage provides relief for anxiety and
pain, but its mechanism of action is yet to be understood [143]. Many scientists have
suggested that massage works to relieve anxiety by promoting relaxation [139] and
working on the subconscious mind to promote positive emotions [144]. Likewise,
massage can relieve pain by producing a localised effect on muscles [144] and by
activating non-myelinated C-fibres which inhibits the perception of pain [139].

Massage can be provided in the hospital, and it has yielded a considerable level
of positive effects [145]. There are various types of massage techniques that have
evolved from different cultures. The taxonomy of these techniques is based on both
Western massage and Eastern massage. Eastern massage technique includes Thai
massage, reflexology, acupressure, shiatsu, polarity therapy, and others. Meanwhile,
Western massage technique includes Swedish, myofascial, reflexive, soft-tissue
release, circulatory, lymphatic, neuromuscular massage, and others [144]. Different
massage techniques may produce different effects or expected outcomes in patients.
However, for pain management, patient involvement in the decision-making process
about where to massage, as well as patient assessment prior to massage, may help to
increase the positive effects of massage [145]. Despite the popularity of massage for
pain management among postoperative patients who have undergone cardiac surgery
[140, 145-149] and thoracic surgery [141, 150], only a few types of massage have been
used for pain management in women undergoing breast surgery. The studies con-
ducted among thoracic and breast surgery patients found that massage can be used
routinely in the hospital to help patients who have undergone mastectomy or breast
cancer surgery control their pain better [90, 140-142, 146, 151, 152].

8.4.2 Cold applications

Application of cold on the skin which may need a compression or an equipment
that can recirculate mechanically for cold temperature maintenance is described as
cold therapy [47]. Cold therapy is a common nursing intervention and has proven
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effective in most surgeries especially open-heart surgeries by reducing patient’s
incisional pain [153].

Application of cold therapy is common in acute pain settings including postopera-
tive pain settings, and its effect has been identified to be related to tissue temperature
reduction at the surgical which results in localised pain relief and oedema reduc-
tion [153]. Previous studies have recorded success in the use of cold therapy in pain
management after thoracic surgery. Ice pack placed on incision site reduced pain in
the previous studies by reducing the temperature at the surgical site, numbness, and
promoting feeling of coolness [153-156]. The implementation of cold therapy by
nurses can be done independently, and patient’s acceptability is feasible because it is
cost-effective and easy to use [154].

8.5 Transcutaneous electrical nerve stimulation

Transcutaneous electrical nerve stimulation (TENS) is a non-pharmacological
intervention that utilises low electrical currents on intact skin to stimulate nerve
activities that inhibit or enhance certain nerve impulses [157]. TENS was basically
developed for pain relief; however, it also enhances venous haemostasis through
motor and skeletal nerve stimulation [158, 159]. TENS is an intervention that has
been delivered by many healthcare providers, including nurses, because it is safe,
cheap, non-invasive, and does not require physician expertise [157]. The mechanism
of action of TENS is based on the gate control theory developed by Melzack [160].
TENS activates the descending inhibitory pain pathway [158] by first activating the
large unmyelinated A-p fibres that prevent noxious stimuli transmission [161]. When
TENS is delivered at a high frequency, certain receptors in the bloodstream (i.e. beta-
endorphins) and cerebrospinal fluid (i.e. methionine-enkephalin) increase in con-
centration creating a myriad of opioid-receptor blockades in the rostral ventromedial
medulla and the spinal cord [161].

According to Vance and colleagues, TENS has been utilised for pain manage-
ment in various patient populations including patients with neck cancer, those with
phantom limb pain, those undergoing labour, and those who have undergone thoracic
surgery [161]. TENS has also been tested in patients undergoing cardiac surgery.
Nonetheless, there are inconsistent findings on the effects of TENS on pain after
surgery [158]. There is also a lack of evidence on the utilisation of TENS for anxiety
prevention and in women undergoing breast cancer surgery. However, TENS may be
beneficial in reducing pain in patients with undergoing breast surgery.

9. Conclusion

This chapter has elaborated the mechanisms of postoperative pain after thoracic
and breast surgery, which is generally short-term and acute in nature. Inadequate
pain management can exert profound and negative impacts on the recovery of
patients. In addition, various patient factors and surgical factors not only predict
the development and intensity of postsurgical pain, but also influence how patient
responds or copes with pain after surgery. To promote the recovery after surgery, both
pharmacological and non-pharmacological pain relief methods are recommended to
be integrated as a multimodal pain management plan for patient awaiting surgery.
Indeed, adequate, and effective multimodal pain management plans require appro-
priate regimen and dose of individual analgesic agents to minimise the side effects of
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medication, as well as tailored non-pharmacological therapies that consider patient’s
preference. For future research, high-quality experimental studies are warranted to
provide evidence on the delivery of non-pharmacological therapies among different
populations within their unique social and cultural contexts. Moreover, exploring the
mechanisms of non-pharmacological therapies on pain relief is needed to enhance the
potential effects of such therapies. To enhance pain management in clinical praxis,
the selection and delivery of pain management therapies should consider patient
factors, especially patients’ preference, to promote the efficacy of their multimodal
pain management plans.
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Chapter 10
Postoperative Pain in Orthopedics

Louvdes Trinidad Castillo Garcia,
Fabiola Estela Elizabeth Ortega Ponce
and Aurora Carolina Martinez Esparza

Abstract

Most patients who undergo orthopedic surgery experience moderate-to-severe
discomfort. Historically, opioids have been the primary medication class used to
treat pain transmission pathways. In orthopedic practice, multimodal analgesia has
become the predominant method of pain management. Utilizing multiple medica-
tions to treat post-surgical pain reduces the need for narcotics and accelerates the
healing process. By introducing effective analgesic treatments and interventions, this
procedure reduces the use of perioperative opioids and, over time, the risk of opioid
toxicity and addiction. Previous research has demonstrated that multimodal analgesia
reduces the use of analgesics in the early postoperative period for orthopedic proce-
dures. Numerous substances can stimulate or sensitize directly. When the peripheral
nociceptors are damaged, direct damage to the nervous system results in pain.
Preoperative, intraoperative, and postoperative symptoms are essential. The emphasis
is on management regimes and the pathophysiology underlying the mechanism for
postoperative discomfort. A concise description of the effects of painkillers is pro-
vided. containing information on specific conditions and average dosage substances
are classified further. Both neuropathy and subjective pain should be treated. By
focusing on multimodal analgesia, anesthesiologists can reduce pain more effectively.
More advanced techniques are utilized for postoperative pain management after
orthopedic surgery, thereby enhancing the patient’s short- and long-term outcomes.

Keywords: orthopedic surgery, multimodal analgesia, pain management,
anesthesiology, regional anesthesia, opioids

1. Introduction

One of the most painful operations a patient can have is orthopedic surgery.

Pain is defined as “A unpleasant sensory and emotional experience associated
with, or resembling that associated with, actual or potential tissue damage” by the
new International Association for the Study of Pain (IASP) definition. Most patients
who undergo orthopedic surgery, particularly total joint replacement, experience
moderate to severe pain.

One of the most significant developments in the field of total joint replacement
surgery has been the improvement of pain management. In these patients, effective
pain management speeds up recovery, accelerates healing, and enhances quality of
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life after surgery. According to the Joint Commission on Accreditation of Healthcare
Organizations (JCAHO), pain has evolved into the “fifth vital sign” and must be taken
into account when providing care for all patients. Throughout the entire inpatient and
outpatient course, as well as when deciding whether to discharge a patient, pain must
be taken into account. Pain must be treated, and failing to do so may result in medical
malpractice claims. Since Professor Henrik Kehlet first proposed the idea of Enhanced
Recovery After Surgery (ERAS), multimodal analgesia has gained popularity as a tech-
nique for treating pain. It requires for multidisciplinary cooperation between patients,
doctors, anesthesiologists, physiotherapists, occupational therapists, and nursing
staff and involves preoperative, perioperative, and postoperative components. When
post-surgical pain is treated with multiple approaches, such as psychotherapy, physical
therapy, regional anesthesia, local injections, and non-opioid medications, the recov-
ery process is sped up, the need for opioids is reduced, and the risk of abuse is reduced.
Multimodal analgesia has been proven in prior research to reduce both the length of
stay and discomfort in the initial 24 hours following foot and ankle surgery. Opioid use
was decreased postoperatively by combining periarticular injections with usual pain
management for hip hemiarthroplasty. Injections at the surgical site for femur fracture
and upper extremity surgeries reduced pain and raised overall patient satisfaction.

2. Incidence of pain

Postoperative pain is a common phenomenon after an orthopedic surgery and can
be a limiting factor for the patient’s recovery. The incidence of postoperative pain can
vary depending on the type and technique of the surgery.

It is well known that the joint replacement surgery and spine surgery are the most
painful surgeries, postoperative talking. In a multicenter study, by Arefaine [1] et al.,
in 2020, they found that moderate to severe postoperative pain was present in 70.5%
of patients who underwent an orthopedic emergency surgery. They also found that
orthopedics patients who had preoperative anxiety were 6.42 times more likely to
develop moderate to severe postoperative pain compared with those patients who were
not anxious, among other factors like history of preoperative anxiety, history of preop-
erative pain, preoperative patient expectation about postoperative pain, intraoperative
use of tourniquet, type of anesthesia and duration of anesthesia were significant.

To handle the postoperative pain in an orthopedic surgery, several strategies have
been used. One of the most common strategies is opioid use. However, some of the
adverse effects they can cause nausea, vomit, sedation, and constipation. Also, opioid
use can be addictive and increase it overdose use. Another strategy for an adequate
postoperative pain management is the use of peripheral nerve blocks; studies demon-
strated higher reported patient satisfaction of postoperative pain control in patients
who received combined [2].

Peripheral nerve blocks (PNB) have remarkable benefits for immediate postopera-
tive pain control after primary total hip arthroplasty (THA). The analgesic effect of
PNB with IV PCA was better than conventional IV PCA alone [3].

Multimodal Analgesia (MMA), also referred to as “balanced analgesia,” uses
multiple analgesic medications, physical modalities, and cognitive strategies to affect
peripheral and central nerve loci for the treatment of pain [4].

In regard of the technique, some studies found no significant difference in pain
control, but they report significantly more effective in early mobilization with
intraarticular infiltration [5].
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2.1 Opioid overdose and addiction in the intrahospital setting

Opioid overdose and addiction are a common problem in the intrahospital setting,
especially in patients who receive them for postoperative pain prolonged periods.
Opioids are a class of analgesic that is highly effective and can be highly addictive and
dangerous if wrongly used. According to a report from the CDC of the US, the rate
of deaths for overdose use of opioids in the country went as high as 38% in 2019 and
2020, suggesting that the crisis is far from gone [6].

In the intrahospital setting, opioid overdose can occur as a result of an acci-
dental or intentional overdose, or from an interaction with other medication.
According to a study published in JAMA Surgery Magazine, 8.8% of patients that
received opioids after a surgery developed addiction after 6 months [7]. In order
to prevent overdose and addiction in the intrahospital setting, various strate-
gies have been implemented. One of the most effective strategies is the protocol
implementation for multimodal pain management, which imply the use of mul-
tiple analgesia modalities, like the peripheral nerve block and regional anesthesia
[5]. They also implemented the use of short-action opioids and the reduction of
prolonged-action opioids.

They have also implemented education and capacitation of medical and nurse
professionals about the appropriate use of opioids and the early detection in its addic-
tion, as well as the supervision of patients receiving opioids to detect early addiction
or overdose signs. In conclusion, multimodal pain management protocol implementa-
tion, education and capacitation of medical and nurse professionals, and supervision
are effective strategies for preventing these kinds of problems.

3. Postoperative pain in orthopedic surgery-associated factors

Postoperative pain is a common problem in orthopedic surgery and can have a
meaningful impact on the patient’s quality of life. There are several factors associated
with postoperative pain in orthopedic surgery, including its severity, patient’s age and
anesthetic technique used. The severity of the surgery is an important factor that has
been associated with postoperative pain, the more complex and invasive the surgery,
for example, a total hip or knee arthroplasty, is associated with a higher incidence and
severity of postoperative pain compared with simpler procedures like a fixed fracture
[8]. Patient’s age has also been related with postoperative pain in orthopedic surgery.
Older patients can have less pain tolerance and can require an adequate strategy for its
management [9, 10]. The anesthetic technique used can also be a part of the postop-
erative pain. Peripheral nerve blocks and regional anesthesia have been associated
with a reduction in postoperative pain and opioid use [11, 12].

In order to prevent and handle postoperative pain in orthopedic surgery, various
strategies have been implemented. One of the most effective strategies is the protocol
implementation for multimodal pain management, which imply the use of multiple
analgesia modalities to reduce the use of opioids and help in the patient’s well-being
[13]. They have also implemented patient’s education about pain management and
early mobilization [14].

In conclusion, postoperative pain is a common problem in orthopedic surgery and
is associated to several factors like severity of the surgery, patient’s age, and anesthetic
technique used. Protocol implementation of multimodal pain management and
patient’s education are effective strategies for the reduction of postoperative pain.
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4. ERAS protocol in orthopedic surgery

The ERAS Protocol (Enhanced Recovery After Surgery), is a multidisciplinary
approach designed for the patient’s recovery after surgery. This approach has been
used widely in orthopedic surgery for the reduction in the intrahospital stay, postop-
erative pain, and opioid needs [15].

4.1 Components of enhanced recovery after surgery in orthopedic surgery

Preoperative interventions include patient’s education about the recuperation
process, nutrition and hydration, as well as respiratory and cardiovascular optimiza-
tion. Intraoperative interventions include use of regional and multimodal anesthesia
to reduce the necessity of opioids. Postoperative interventions include early mobiliza-
tion, multimodal pain management and early hospital discharge [16].

The principal postoperative undesirable sequelae include pain, cardiopulmonary,
infectious and thromboembolic complications, cerebral dysfunction, gastrointesti-
nal paralysis, nausea, and prolonged hospital stay. Surgical and anesthetic techniques
are related to the presence or severity in which the adverse effects can be present. On
the other hand, one must consider changes related to organic function, which are
present in every patient that goes through a surgical procedure, commonly known as
surgical stress.

It has been proven that ERAS Protocol effectively reduces the length in intrahos-
pital stay, postoperative pain and opioid need. It has also been demonstrated that
the ERAS Protocol positively affects cardiopulmonary function, quality of life and
patient’s satisfaction [17]. However, implementation of the ERAS (Tables1 and 2)
Protocol in an orthopedic surgery can be quite challenging, as it requires an adequate
collaboration between surgeons, anesthesiologists, nurses, and other healthcare
specialists. Also, the ERAS Protocol implementation can require an expensive invest-
ment in resource and capacitation time.

In orthopedic surgery
PREOPERATIVE INTRAOPERATIVE POSTOPERATIVE
Preoperaltive assessment and organ Stress-free anesthesia and surgery Enhancing postoperative comfort
dysfunction optimization and optimizing postoperative care
Optimize any organ dysfunction Minimally invasive surgical techniques Multimodal opioid-sparing
Optimize preoperative anemia Anesthesia technique analgesic techniques
Alcohol and smoking cessation Local infiltration analgesia Prevention of postoperative nausea
education Maintaining normothermia

and vomiting

Fasting and nutrition Optimal intraoperative fluid balance enfes
P = 5 2 Early immobilization and
reoperative anesthetics and Intraoperative anesthetics and habilitati
analgesics analgesics rehabilitation
Prophylaxis against thromboembolism Goal-directed fluid management

Table 1.
ERAS in orthopedic surgery.
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Pre-hospital Phase
Patient/family education Pain management plan Patient optimization

Prehabilitation of select
patients

= 7 Initial multimodal Discharge planning,
. Limit fasting Carbohydrate beverage : : :
fight meal up {5 6 Frs preop up 10 2 hrs preop mcﬁc;i;gl;(s p};rgur lrﬁgonal edl::atl;n. _a::dpllg:lm

Opioid spanng, Nausealvomitin i
! : g . . Avoid tubes and
r;:llmmdil;l Normovolemia prophylaxis MNormothermia Normoglycemia s

Postoperative Phase

Multimodal Nausea/vomiting | No or judicious IV
analgesia management fluid management

Monitor for symptoms or changes in Follow-up with s , proceduralist, Continue therapy and other
health to seek assistance primary care 'or specialty care i fessional ites as pl

|5 L%

7

Continued Quality Improvement Team Activities (

Analyze and share quality measures, patient surveys, and staff input to
alg:lebrate successe';yand identify opponunitil:seyﬁnr improvement

Table 2.
ERAS protocol implementation.

5. How does an inadequate treatment affect postoperative pain?

An inadequate treatment for postoperative pain can have a meaningful impact in a
patient’s recovery and his experience in his whole hospital stay. Uncontrolled pain can
lead to anxiety, depression and prolonged hospital stay.

Postoperative pain is a common complication after surgery and can be caused by
tissue damage, inflammation, and nerve manipulation. If not adequately controlled,
pain can lead to a series of complications, like a prolonged hospital stay, greater risk
of infection, and respiratory complications [18]. Pain can also affect quality of life,
which can lead to a negative impact in patient’s recuperation [19].

6. Pain’s pathways

Pain is a complex complication that involves multiple pathways and systems in
the human body. Knowledge of the different pathways of pain is fundamental for
the development of effective therapeutic strategies to control it in different clinical
conditions.

Somatic pathway of pain activates by painful stimuli that affect somatic tissue,
like skin muscle, bone, and joints. This pathway transmits over nervous myelinated
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A-Delta fibers and nervous non-myelinated C fibers. The information of this pathway
is processed on the bone marrow and gets transmitted through the spinothalamic
tract up to the thalamus and somatosensorial cortex of the brain [20].

Visceral pathway of pain activates by painful stimuli that affect internal organs,
like the GI tract, heart, and lungs. This pathway transmits through the nervous non-
myelinated C fibers. This pathway’s information processes in autonomous nervous
ganglia and the bone marrow, and it transmits through spinothalamic tract and the
spinoreticular tract up to the thalamus and somatosensorial cortex of the brain [21].

Neuropathic pathway of pain activates by lesions in the peripheral or central
nervous system. This pathway transmits through nervous myelinated A-Delta fibers
and nervous non-myelinated C fibers, The information in this pathway gets processed
in the bone marrow and transmits through the spinothalamic tract and spinoreticular
tract up to the thalamus and somatosensorial cortex of the brain. This pathway is
particularly difficult to treat because of the chronic nature of the pain and the lack of
response to conventional analgesic medication [22].

7. Analgesic scale

World Health Organization (WHO) analgesic scale is a tool used for the evaluation
and treatment of pain. This scale is based on pain classification according to intensity
and the selection of an adequate analgesic for the treatment. In this section, it will
be discussed the importance of the WHO analgesic scale for the evaluation and pain
treatment, along with different levels and recommendations for its use.

The WHO Analgesic Scale is divided into four levels, according to the intensity of
pain and the type of analgesic recommended for its treatment. The first level cor-
responds to a mild pain, and the recommendation is to use non-opioid analgesic, like
acetaminophen or Ibuprofen. The second level corresponds to a moderate pain, and
the recommendation is to use weak opioids, like codeine or tramadol. The third level
corresponds to an intense pain, and the recommendation is to use strong opioids,
like morphine or fentanyl. The fourth level corresponds to a refractory pain, and the
recommendation is to use additional treatment, such as local anesthesia or nerve
blocks [23].

The WHO analgesic scale is an important and useful tool used for the evaluation
and treatment of pain, because it gives us a clear guidance for the selection of the
analgesic according to the intensity of pain. Also, this scale helps professional health-
care workers to evaluate the efficacy of treatment of pain and make dose adjustments
according to the patient’s needs [24]. It is fundamental that this scale be used like a
guidance and the treatment for pain must be individualized according to the needs of
each patient. Professional healthcare workers must consider factors like age, comor-
bidities, individual sensibility and possible interaction with other medication [25].

8. Preventive analgesia

Focuses on postoperative pain control and the prevention of central sensitization
and chronic neuropathic pain by providing analgesia administered preoperatively but
not after surgical incision to reduce the intensity of postoperative pain [26]. Several
studies have proven that preventive analgesia can aid postoperative analgesia and
reduce the need of opioids after an orthopedic surgery. Preventive analgesia can also
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reduce inflammation and immune response, which can diminish the incidence of
postoperative complications and shorten the patient’s treatment [27].

The options for treatment of preventive analgesia in orthopedic surgery include
the preoperative administration of pain medication, like NSAIDs, corticosteroids,
and lidocaine, the use of regional anesthesia like nerve blocks, intraoperative
administration of analgesics like opioids and local anesthetics [28]. In spite of all the
benefits that preventive analgesia can provide in an orthopedic surgery, there are
some challenges associated with its implementation. Dose selection and the moment
of the administration can be hard to determine and can vary according to the type of
orthopedic surgery. Also, preventive analgesia can be expensive and require a more
complex monitoring during the surgery [29].

9. Pain evaluation

Pain evaluation is an important part of the treatment during an orthopedic surgery.
Acute postoperative pain can be difficult to control and can have fatal consequences if
not treated in time. The pain scale is a simple tool commonly used to evaluate postop-
erative pain. It asks the patient to rate their pain on a scale of 0-10, where 0 represents
the absence of pain and 10 represents the worst imaginable pain. The pain scale is easy
to evaluate and has been validated for its use in postsurgical patients [30].

Another tool commonly used to evaluate the pain is the Visual Analog Scale
(VSA), which consists of a horizontal line of 10 cm, with the words “No Pain” on one
end and “Worst Possible Pain” on the other end. Patients mark over the line to show
the level of pain they are experiencing. This scale has demonstrated its valid and easy
reproduction for the evaluation of postoperative pain [31].

Besides the pain scales, patients can describe pain using descriptive terms, such
as “oppressive,” “burn,” “throbbing,” or “colicky.” The use of these words can help
doctors to determine the pain’s origin and choose the right treatment. In addition, the
intensity of pain, a pain evaluation must include its location, duration, and effects on
the physical function and quality of the patient’ life. A pain evaluation must include
the psychological and social factors that can relate to the perception of pain and its
response to the treatment [32].

It is important to take into consideration that the pain evaluation is subjective, and
it can be affected by cultural, social, or emotional factors, and that is why it is impor-
tant to consider the experience and perspective of the patient in order to determine
the postoperative pain in an orthopedic surgery.

10. Regional anesthesia

The control of postoperative pain is a crucial issue because its effectiveness will or
may hamper early rehabilitation [33]. Richman and coworkers performed a meta-
analysis, which included 19 articles enrolling 603 patients, related to postoperative
analgesia with continuous peripheral nerve blocks and opioids. All articles showed
that perineural analgesia provided significantly better postoperative analgesia
compared with opioids [34]. Regional anesthesia is the most appropriate way to
control postoperative pain. However, improvement in pain control after single-shot
administration is limited to the first 24 postoperative hours. Therefore, it is not likely
to significantly change outcome because early rehabilitation during the first 2-3
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postoperative days is necessary to minimize the accumulation of small amounts of
periarticular blood and edema, the first stages of joint stiffness [35].

Regional anesthesia can be broadly divided into two categories: neuraxial anesthe-
sia [spinal, epidural, combined spinal epidural (CSE)], and peripheral nerve blocks
(upper and lower extremity blocks).

10.1 Neuraxial anesthesia

Spinal anesthetic is a great choice for lower limb orthopedic surgery. Delay in
ambulation due to lower limb muscular weakness, the risk of urine retention of up
to 17%, and pain following block regression are all factors that limit the use of spinal
anesthetic in the ambulatory context. It is critical to choose the right agent for ambu-
latory spinal anesthesia [36].

The technique of inserting a needle or a catheter between the vertebrae and adminis-
tering drugs into the epidural (epidural anesthesia) or subarachnoid space (spinal anes-
thesia) is known as neuraxial anesthesia (NA). The spinal nerve root is the target of NA.
LA with adjuncts such as preservative-free opioids are the most common medications
injected neuraxially. NA is frequently utilized in abdominal and lower extremity surgery.
The length of surgical incision and surgical manipulation determine the sensory level
required for a certain surgery. T10 is required for total hip arthroplasty (THA), open
reduction and internal fixation of the femur, and hip fractures, whereas L1 is required
for knee surgeries [37]. Spinal anesthesia is normally given as a single injection, whereas
epidural anesthesia is given through an indwelling catheter for continuous infusion.

The level of spinal blockade is determined by the overall dose of LA combination,
the baricity of the injected solution, and the patient’s position following the block.

An epidural catheter allows for continuous drug infusion, extending the length of
anesthesia. To avoid trauma to the termination of the conus medullaris, the spinal
anesthetic needle is often inserted at the level of the L2-L3 interspace or below. The
needle entry site for epidural anesthesia is determined by the extent of the dermatomes
necessary for the treatment. It is frequently put in the mid to lower lumbar region for
orthopedic surgeries. The volume of local anesthetic injected determines the degree of
epidural blockade, whereas the concentration of the local anesthetic determines the
density of the block. When compared to epidural anesthesia, spinal anesthesia results
in a denser and more reliable block with a lower rate of block failure [38, 39].

10.2 Peripheral nerve blocks

PNB include injecting a LA solution to a single nerve or nerve bundle to create
sensory and motor blocking of a specific body location. The LA prevents painful
impulses from reaching the central nervous system. PNB can be used for anesthesia
or analgesia after surgery. It is usually given as a single shot, although a continuous
infusion catheter can be used to prolong the analgesic impact after surgery. PNB is
usually performed under ultrasound guidance to limit the hazards of intraneural and
intravascular LA injection, avoid peripheral nerve damage, and assure proper LA
distribution for a successful block.

10.2.1 Blocks for upper extremity orthopedic procedures

Understanding upper extremity peripheral nerve blocking requires a thorough
understanding of brachial plexus anatomy. The brachial plexus provides the majority
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of the upper extremity’s muscular and cutaneous nerve supply. The brachial plexus is
made up of five ventral nerve roots (rami) that give rise to trunks, divisions, cords, and
terminal branches. The nerve roots join together to produce the upper, middle, and lower
trunks. The three trunks divide into six divisions, which join to produce three cords:
lateral, posterior, and medial cords. The terminal branches of the three cords feed the
majority of the upper extremity nerves. Nerves that are not part of the brachial plexus
augment the cutaneous area of the shoulder and upper arm. The superficial cervical
plexus (C3-C4) innervates the superior portion of the shoulder via the supraclavicular
nerve. Seventy percent of the sensory innervation to the shoulder comes from the
superior trunk via the suprascapular nerve, with the C5 and C6 nerve roots contributing
the most. The second thoracic nerve root innervates the axilla. The brachial plexus is
restricted at four points: The interscalene block is used to connect roots and trunks, the
supraclavicular block is used to connect trunks and divisions, the infraclavicular block is
used to connect cords, and the axillary block is used to connect terminal branches [40].
The most frequently performed upper limb blocks are shown in Table 3.

10.2.1.1 Interscalene block

The interscalene block is conducted at the brachial plexus roots-trunks level. The
interscalene block anesthetizes C5-C8, as well as the supraclavicular branches of the
cervical plexus C3-C4, which supply the skin over the acromion and the clavicle.
The inferior trunk (C8-T1) is frequently spared; this is known as ulnar sparing. As

Block Clinical Nerves blocked Anatomical Complications
application landmarks
Interscalene Surgeries involving (1) Brachial LA injected between (1) Phrenic

nerve block

the shoulder,
proximal aspect of
humerus, and the

plexus: C5 to
C7and (2)

cervical plexus:

anterior and middle
scalene muscles
lateral to carotid

nerve palsy
(100%);
(2) Horner

distal aspect of the supraclavicular artery and internal syndrome; and
clavicle nerve (C3 and C4) jugular vein (3) Hoarseness
Supraclavicular Surgery of the C5-T1 LA injected above @
nerve block arm, elbow, the clavicle between Pneumothorax;
forearm, and hand. anterior and middle (2) phrenic
Extension into the scalene muscles nerve palsy; and
interscalene area at the level of the (3) hoarseness
can cover shoulder first rib, where the
procedures subclavian artery
crosses over it
Infraclavicular Surgery of the C5-T1 LA injected around Pneumothorax
nerve block elbow, forearm and the axillary artery (relatively low
hand below the clavicle, incidence)
medial to coracoid
process
Axillary nerve Surgery of the Median nerve, LA injected around (1) Hematoma
block elbow, forearm, ulnar nerve, the axillary artery at formation; and
and hand radial nerve, and the medial aspect of (2) intravascular
musculocutaneous proximal arm injection
nerve
Table 3.
Upper extremity blocks.
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aresult, if this block is used for procedures at or near the elbow, an additional ulnar
nerve block is required. This nerve block’s coverage makes it useful for treatments
involving the shoulder, proximal aspect of the humerus, and distal aspect of the
clavicle [41].

The brachial plexus is targeted by the interscalene block, which is located lat-
eral to the carotid artery and internal jugular vein, directly above the collarbone.
Complications of the interscalene block include near-complete phrenic nerve
blockade, sympathetic chain blockade resulting in Horner’s syndrome, inadvertent
injection in the vertebral artery, recurrent laryngeal nerve blockade resulting in
hoarseness, and peripheral neuropathy. Pneumothorax, epidural injection, intrathe-
cal injection resulting in total spinal anesthesia, spinal cord damage, and dorsal
scapular or long thoracic nerve injury are also rare complications [42].

10.2.1.2 Supraclavicular block

The supraclavicular block targets the brachial plexus above the collarbone at the
trunks and divisions. The C5-C7 distribution includes the more superficial and lateral
branches that supply the shoulder, lateral aspect of the arm, and forearm, as well as
the deeper and more medial dependent branches of C8 and T1 that supply the hand
and medial aspect of the forearm. Adequate local anesthetic distribution in both loca-
tions is required for successful nerve block of the arm and hand. A local anesthetic is
injected between the anterior and middle scalene muscles at the level of the first rib,
where the subclavian artery passes posterior to the midpoint of the clavicle. Because
all of the trunks and divisions of the brachial plexus are closely packed and may be
anesthetized at this location, the supraclavicular block causes anesthesia of the upper
limb, including the shoulder [41].

10.2.1.3 Infraclavicular block

The infraclavicular block impacts the brachial plexus at the level of the cords
before the axillary and musculocutaneous nerves branch. It causes numbness in the
upper limb below the shoulder, including the arm, elbow, forearm, and hand, while
leaving the medial proximal upper arm, which is supplied by the intercostobrachial
nerve (T2), unaffected [42].

The infraclavicular block is injecting local anesthetic around the axillary artery
beneath the clavicle. Under ultrasound guidance, the local anesthetic is admin-
istered in a U-shaped pattern around the axillary artery, encompassing all three
brachial plexus cords. The infraclavicular block has a low pneumothorax rate of
0.7% [43].

10.2.1.4 Axillary block

The axillary block is performed at the level of the brachial plexus branches. It
anesthetizes the median nerve, the ulnar nerve, the radial nerve, and the musculo-
cutaneous nerve, resulting in upper limb numbness from the mid-arm to the elbow,
forearm, and hand. It should be noted that this block does not obstruct the axillary
nerve; rather, the term of this regional treatment comes from the approach. The
patient is positioned supine with the arm abducted to 90° in order to conduct this
block. The median, ulnar, and radial nerves are identified as they surround the axil-
lary artery using ultrasound guidance [44].
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10.2.2 Lower extremity peripheral nerve blocks

Peripheral nerve blocks can be used as a primary anesthetic modality or as a
supplement to general or neuraxial anesthesia. Lower extremity nerve blocks are
commonly used as an adjuvant to general or neuraxial anesthesia due to anatomical
restrictions in attaining appropriate surgical anesthesia by peripheral nerve blockade
[45]. The most frequently performed lower limb blocks are shown in Table 4.

10.2.2.1 Femoral nerve block

The femoral nerve block is used for lower extremity procedures that involve
the anterior thigh and the medial side of the leg below the knee. The femoral nerve
block is commonly used to provide analgesia for TKA, anterior cruciate ligament
restoration, quadriceps tendon repair, foot surgery, and ankle surgery. The femoral
nerve block can be coupled with other regional anesthetic methods, such as the
sciatic nerve block, to broaden the anesthetic block’s distribution, especially below
the knee [46].

The femoral nerve provides sensory innervation to the anterior thigh and medial
aspects of the calf, foot, and ankle. The femoral nerve additionally provides motor

Block Clinical application Nerves blocked Anatomical Complications
landmarks
Femoral Surgeries involving Femoral nerve Inguinal crease; (1) LE weakness and
nerve anterior aspect of located lateral to falls; (2) bleeding;
(Femoral the thigh and medial femoral artery (3) infection; and
nerve aspect of the leg (4) nerve damage
block) below the knee
Femoral Surgeries involving (1) Femoral Inguinal crease, (1) LE weakness and
nerve anterior aspect of nerve and (2) LA injected under falls; (2) bleeding;
(Fascia the thigh and medial lateral femoral fascia iliaca (3) infection; and
Iliaca aspect of the leg cutaneous nerve (4) nerve damage
block) below the knee of the thigh
Sciatic Surgeries involving Sciatic nerve Popliteal fossa, Motor blockade
nerve foot, ankle, posterior located cephalad
(Popliteal knee to the knee near
Block) popliteal artery
Saphenous Surgeries involving (1) Saphenous Medial thigh, (1) Bleeding; (2)
nerve medial aspect of nerve and (2) located deep to the infection; (3) nerve
(Adductor knee, foot, and ankle nerve to vastus sartorius muscle, damage; and (4)
Canal medialis (branch adjacent to the potential lower
block) of femoral nerve) femoral artery and extremity weakness
vein at high doses
iPACK Surgeries involving Articular Popliteal crease, Inadvertent motor
the posterior knee branches of the located cephalad to block due to local
capsule tibial, common femoral condyles anesthetic spread
peroneal, and to sciatic nerve
obturator nerve branches
to the posterior
aspect of the knee
Table 4.

Lower extremity blocks.
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innervation to muscles of the lower extremity, including the quadriceps, sartorius,
and pectineus muscles. As such, the femoral nerve block will cause weakness of the
quadriceps muscles [46, 47]. This may result in decreased patient mobility and may
potentially increase the risk of falls. Thus, patients should not be ambulating without
assistance after a femoral nerve block [47].

10.2.2.2 Iliac fascia block

The femoral nerve and lateral femoral cutaneous nerve are both anesthetized
using the fascia iliac block, a regional anesthetic technique. It is used for analgesia
following hip surgery or in people who have had catastrophic hip fractures. This block
has been found to provide fast analgesic benefit and may be administered pre-opera-
tively while the patient is waiting for their procedure. Additionally, patients reported
gains from passive hip flexion, which enabled them to sit up in bed before surgery
[48]. A shorter hospital stays, less discomfort, and a shorter time to fascia iliac block
have all been linked to patients with hip fractures. When presented to the emergency
room, a fascia iliac block can be performed, and research has shown that this block
provides better pain relief than systemic intravenous opioid therapy. The fascia iliac
block may also help these patients be positioned in the best way possible for the
implantation of spinal anesthesia during surgical femur fracture repair [48, 49].

A rather significant volume of local anesthetic (20-30 cc) is injected under the fascia
iliac, just above the level of the inguinal crease, to conduct the fascia iliac block. The
purpose of this block, which is normally carried out under ultrasound guidance, is to dis-
seminate local anesthetic medially to the femoral nerve and laterally to the iliac spine [50].

10.2.2.3 Adductor canal block

The adductor canal block effectively relieves pain during knee and medial lower
limb surgery. For patients receiving TKA, it may be administered as a component of a
multimodal analgesic pathway to promote early ambulation, enhance patient com-
fort, and boost patient satisfaction [51]. A majority of TKA patients will probably feel
moderate-to-severe post-operative pain, which can lengthen recovery times, cause
problems from immobility, and reduce patient satisfaction [52]. Therefore, for these
patients, safe and efficient localized anesthetic procedures are crucial.

While the femoral nerve block can effectively reduce pain for patients having a
complete knee replacement, it can also cause quadriceps muscle weakness, which may
make a patient more likely to fall. Because of this, patients having TKR frequently
find the adductor canal block to be a good choice for post-operative analgesia. The
adductor canal block produces comparable levels of postoperative pain alleviation as
the femoral nerve block while greatly sparing the quadriceps and preserving balance.
This enables efficient pain management and the ability to encourage early mobiliza-
tion and ambulation following surgery [53, 54]. The adductor canal block has widely
become the standard of care for analgesia for total knee arthroplasty.

10.2.2.4 iPACK block

The iPACK block has been used more frequently in TKA to relieve pain without
sacrificing the strength of the lower extremities in the posterior compartment of the
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knee. To effectively relieve pain in the posterior knee capsule, it targets the medial and
lateral superior genicular nerves [55]. By guaranteeing coverage of both the antero-
medial and posterior joints, the iPACK block and ACB together give a wider distribu-
tion of anesthetic coverage [55, 56].

According to recent research, the iPACK block, when combined with the adductor
canal block and periarticular injection for TKA, significantly reduced postoperative
pain during rest and ambulation [56, 57]. Early hospital discharge, a reduction in the
need for opioids, and quicker ambulation were the outcomes.

Under ultrasound guidance, a needle is injected into the medial thigh to perform
an iPACK block. This block typically uses a total volume of 15-20 cc of a local anes-
thetic solution. It is crucial to prevent accidental local anesthetic diffusion to the tibial
or common peroneal nerve during the execution of this block, which could cause
unfavorable motor weakness [58].

10.2.2.5 Sciatic nerve block

For lower extremity orthopedic procedures involving the foot, ankle, and pos-
terior knee, a sciatic nerve block is indicated. The sciatic nerve block can be used
alone, as in an Achilles tendon repair, or in conjunction with the femoral or saphenous
nerve blocks to provide anesthetic coverage for knee surgery or foot/ankle surgery,
respectively [59]. The sciatic nerve is the biggest nerve in the body, running from the
anterior rami of L4 to S3. The tibial nerve and common peroneal nerve are the sciatic
nerve’s terminal branches. With the exception of the medial lower leg and foot, which
is supplied by the saphenous nerve, the sciatic nerve block delivers analgesia to the
posterior portion of the knee, hamstrings, and the entire limb below the knee (motor
and sensory innervation).

Depending on the region of the limb requiring anesthetic blockade, the sciatic
nerve may be blocked in numerous locations. The sciatic nerve block is administered
on the proximal medial thigh via the anterior route. The transgluteal approach is used
on the back of the buttock, between the ischial tuberosity and the greater trochanter.
The subgluteal approach is conducted on the gluteal crease from the back. The sciatic
nerve block is commonly administered at the level of the popliteal fossa, sometimes
known as the “popliteal block” [59].

10.2.2.6 Popliteal block

For foot and ankle surgery, the popliteal nerve block is used in conjunction with
the saphenous nerve block. The popliteal fossa is where the sciatic nerve splits into
two major terminal branches, the tibial nerve and the common peroneal nerve [45].
A popliteal block is commonly performed proximal to the bifurcation of the tibial
and common peroneal nerves; however, a recent study suggests that a popliteal block
performed distal to the sciatic nerve bifurcation may result in a 30% faster onset of
blockade while still achieving terminal branch blockade [59]. Furthermore, injection
of local anesthetic distal to the sciatic nerve bifurcation offers better sensory block of
the lower extremity.

Nerve damage, hemorrhage, and intravascular injection are all possible conse-
quences of a sciatic nerve block. Nerve damage can cause a chronic foot drop with
possible pressure necrosis [45, 60].
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11. Regional anesthesia in patients at risk of bleeding

There have been no prospective studies on peripheral nerve blocks in the presence
of anticoagulants. The ASRA recommends the same guidelines for peripheral nerve
blocks as for neuraxial procedures. Cases of psoas and retroperitoneal hematomas
have been reported after lumbar plexus nerve blocks and psoas compartment nerve
blocks. These patients were either on enoxaparin, ticlopidine, or clopidogrel. In some
cases, the hematoma occurred in spite of adherence to the ASRA guidelines.

It is probably too restrictive to adapt the ASRA guidelines on neuraxial nerve
blocks to patients undergoing peripheral nerve blocks. The European Society of
Anesthesiology has noted that the guidelines for neuraxial nerve block do not rou-
tinely apply to peripheral nerve blocks. The Austrian Society of Anesthesiology,
Resuscitation and Intensive Care, on the other hand, has suggested that superficial
nerve blocks can be safely performed in the presence of anticoagulants. Because of
the possibility of retroperitoneal hematoma, lumbar plexus and paravertebral nerve
blocks merit the same recommendations as for neuraxial injections. The same guide-
lines should also apply to visceral sympathetic nerve blocks. The ASRA guidelines
may, therefore, be applicable to nerve blocks in vascular and noncompressible areas,
such as a celiac plexus nerve blocks, superior hypogastric plexus nerve blocks, and
lumbar plexus nerve blocks [61].

12. Nonsteroidal anti-inflammatory drugs

The mechanism of NSAIDs (nonsteroidal anti-inflammatory drugs) not only
has been described by the peripheral inhibition of prostaglandin synthesis but also
through a variety of other peripheral and central mechanism. The central role that
augments its known peripheral action, by which it promotes the production of endog-
enous opioid peptides [62].

The healing process of fractures is a complex process which includes a combina-
tion of sequential set of events that depends on the stability of the fracture. There
are many factors that influence this process, including the use of NSAIDs. The use
of NSAIDs has been studied for many years with debatable effects on bone heal-
ing. Humaid Al Farii et al conclude from his meta-analysis that NSAIDs that do not
include indomethacin can be used for pain management without having a significant
effect on bone healing and additionally, the use of NSAIDs for short duration, less
tan2 weeks, does not show a statistical in nonunion [63].

NSAIDS are proven to be effective for musculoskeletal pain, with head-to-head
clinical studies noting equivalent pain control with NSAIDs compared with opioids
with a reduced risk profile. Contraindications with NSAIDs include peptic ulcer disease,
chronic or end-stage renal disease, bronchial asthma, and breastfeeding women [64].

12.1 Acetaminophen

Like NDSAIDS acetaminophen may be used after surgery to reduce the amount
of stronger, opioid medications you need to control pain. Acetaminophen does not
interfere with the COX-1 or COX-2 enzyme to reduce pain, so does not have anti-
inflammatory properties. Used alone, Works well for headaches, fever, and minor
aches and pains, but does not reduce the inflammation and swelling that might
accompany a muscle sprain.
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13. Opioids
13.1 Tramadol

Tramadol is a synthetic, centrally acting analgesic agent with 2 distinct but
complementary mechanisms of action: selectivity for p receptor, although it binds
weakly to the & and « receptors. The affinity for the p receptor is #6000 fold less than
morphine and 10-fold less than codeine. Inhibits reuptake of noradrenaline (norepi-
nephrine) and 5-HT. Causes no clinically relevant respiratory depression in adults or
children undergoing surgery and there are no clinically significant changes in oxygen
saturation in adults and children receiving tramadol. In healthy adult volunteers
and patients who underwent abdominal surgery, tramadol had no clinically relevant
effects on gastrointestinal functioning [65].

Three studies evaluated the effects of tramadol on postoperative pain, opioid
consumption, and complications after primary total joint arthroplasty (TJA). One
high quality study compared the use of tramadol versus a placebo for treatment of
pain after TJA. Another high-quality study compared tramadol to placebo and to
paracetamol with codeine. One additional high-quality study compared tramadol to
other opioid medications for treatment of pain after TJA. There were mixed results
among all studies on the effects of tramadol on pain, patient-reported outcome
scores, opioid consumption and adverse events after TJA. Adverse events including
dizziness, dry mouth, and nausea were more common among patients who received
tramadol compared to placebo. Given the conflicting evidence with regards to opioid
consumption, the fact that two studies evaluated intravenous tramadol which is not
approved by the Food and Drug Administration in the United States, and that there
was inconclusive evidence comparing the efficacy of tramadol to other opioids the
strength of the recommendation was downgraded to moderate [66-68].

13.2 Morphine

Immediate release opioids are preferred in the management of postoperative pain
when simple analgesics are insufficient to achieve the analgesic goals. If modified-
release opioid preparations (including transdermal) are used, due care should be
exercised as they have been associated with harm. The prescribed dose of the immedi-
ate release opioids should be age related (rather than weight) and take into account
renal function. Immediate-release oxycodone is not recommended as a first line
opioid, because is more labor intensive to administer. However, it is recognized that
in elderly patients over 70 years or in patients with renal failure, other opioids may be
used post operatively [69].

13.3 Oxycodone

Oxycodone is a semisynthetic, p-opioid receptor agonist with analgesic effects in
several pain conditions. Acts also on x-opioid receptors. Oxycodone and morphine are
presumed to have a 1:1 ratio of analgesic potency in postoperative pain after surgery,
with mixed somatic and visceral pain components. Oxycodone is metabolized by the
cytochrome P450 enzyme system in the liver [70]. Shows the same adverse effects as
those typically found for opioids, with constipation (25-30%), nausea (25-30%), and
drowsiness (25%) being the three most common symptoms. Vomiting, pruritus, and
dizziness occur in 5%-15% of patients taking oxycodone [71]. The potency ratio of
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oxycodone to fentanyl is less than 75:1. It is necessary to reduce the analgesic dose of
oxycodone in elderly patients because metabolic clearance decreases with age.
Oxycodone for somatic pain such as pain after orthopedic surgery, the amount
of oxycodone should be higher than the dose used for visceral pain. In a study
of seventy-three patients undergoing orthopedic surgery randomly assigned to
receive fentanyl or oxycodone using intravenous PCA, they concluded that with a
1:60 ratio of oxycodone to fentanyl in the application of PCA for pain control, the
use of larger doses of oxycodone for 6 hours is effective in controlling early postop-
erative pain [72].

13.4 Transdermal buprenorphine

It is more described for chronic pain management, that persists for 12 weeks or
more despite analgesia [73]. The role in the clinical management for acute pain is less
clear, but it has been evaluated in the postoperative setting of hip fracture surgery,
knee or hip arthroscopy/arthroplasty, shoulder surgery and spinal surgery. Is a partial
agonist at the p-opioid receptor [74, 75]. When the patch is applied prior to surgery
and left in place for the prescribed seven days, it is associated with reduce postopera-
tive pian, lower consumption of other analgesics, and patient satisfaction.

Is an opioid and a Schedule III controlled substance which means it is considered
less dangerous tan Schedule II substances, such as morphine or oxycodone [76].
Buprenorphine has a ceiling effect for respiratory depression, meaning that the risk
for opioid-induce respiratory depression does not increase beyond a certain dose.
Has hepatic metabolization, it is safe for patients with renal dysfunction. This means
buprenorphine can be administered to elderly patients and those with renal dysfunc-
tion without the need to adjust the dose [77].

The transdermal buprenorphine patch is available in 5, 10 and 20 pg/h doses and
other doses can be achieved by cutting the patch or using two patches. The trans-
dermal buprenorphine patch is to be discontinued after seven days with the plan of
switching the patient to an oral opioid or some other pain reliever, it is recommended
that the buprenorphine patch be removed and 24 hours elapse before the new medica-
tion is started. Based on recent clinical trials, buprenorphine is 75-100 times more
potent than morphine [78].

14. Conclusion

Any general or regional anesthetic technique must always be tailored to the
individual patient and the procedure, taking the potential benefits and risks into
account. The contribution of the individual anesthesiologist in managing the RA
or GA (regional anesthesia or general anesthesia) technique effectively and safely
in order to obtain a positive outcome should not be undervalued. In spite of this,
evidence suggests that RA confers additional benefits beyond the reduction of acute
pain. These include a distinct reduction in pulmonary complications and a reduction
in chronic pain after certain procedures. RA has also been associated with a reduction
in cancer recurrence, blood transfusion, severe sepsis, intensive care unit admissions,
and even a small reduction in mortality in some cases; however, these findings should
be interpreted with greater caution. When CNB (central neuraxial blockade) is
administered alone, as opposed to in conjunction with GA, the benefits are frequently
greater. Logically, utilizing PNBs without GA and thereby avoiding CNB-mediated
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hypotension may offer the greatest benefit; however, the potential outcome advan-
tages of PNBs are the area that has received the least amount of research.

Definitely postoperative pain can have a significative impact in the physiology of
the body, including the activation of inflammatory mediators and changes in car-
diovascular, respiratory and GI function. The understanding of these physiological
alterations is of vital importance for the correct treatment of postoperative pain and
possible postoperative complications.
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Abstract

Advances in the knowledge of the secondary effects of acute postoperative pain
have motivated anesthesiologists and surgeons to pay special attention to its preven-
tion and correct management. Surgical procedures in plastic surgery are very varied
and produce postoperative pain in direct relation to the site, type, and extent of
surgery, with facial interventions being the least painful (with the exception of rhi-
noplasty) and the most painful being breast surgery, abdominoplasty, and extensive
liposuctions due to the possibility of trauma to peripheral nerves and greater second-
ary inflammation. The combination of surgeries produces more intense post-surgical
pain. There is insufficient data on the frequency and severity of pain after plastic
surgery, be it reconstructive or cosmetic. Although opioids have been considered to
be the cornerstone in the treatment of postsurgical pain, their use in plastic surgery
patients must be carefully evaluated for various reasons that interfere with the results
of this type of surgery. Similar to other surgical specialties, multimodal analgesia is
now the most appropriate way to prevent and treat pain in these patients. This chapter
is a comprehensive review of the management of acute postoperative pain in certain
plastic surgery procedures, with emphasis on the multimodal approach.

Keywords: plastic, surgery, postoperative, pain, analgesia

1. Introduction

Postoperative pain (POP) is a subjective phenomenon, without a useful biological
function, which varies with several factors such as the patient themselves, type of sur-
gery, experience with previous surgeries, duration and extent of surgery, anesthetic
technique, kind of perioperative care, individual characteristics and experiences, fear,
and anxiety. The latest global survey from International Society for Aesthetic Plastic
Surgery published in January 2023 reports a considerable increase in esthetic surgery
worldwide, showing an overall 19.3% increase in procedures performed by plastic
surgeons in 2021 with more than 12.8 million surgical procedures and 17.5 million
non-surgical procedures performed globally. This equates to an increase of 33.3%
over the last 4 years [1]. Paradoxically, the COVID-19 pandemic has increased plastic
surgery procedures around the world; although the frequency of scheduled plastic
surgery has apparently decreased in many countries, some procedures have increased
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as patients have free time for their cosmetic plans [2-5]. The top five most popular
surgical procedures remain liposuction, breast augmentation, eyelid surgery, rhino-
plasty, and abdominoplasty [1]. This notable increase in plastic surgeries has favored
multiple advances not only in the surgical area, but in all anesthetic aspects, including
the comprehensive management of POP. With increasing frequency, these types of
surgeries are ambulatory or short stay, which tends to make the management of POP
even more difficult, especially in the first post-surgical days.

Satisfactory POP management is mandatory for patient satisfaction. In patients
undergoing thoracic and abdominal procedures, poor pain management has been
related to pulmonary complications, cardiac ischemia, ileus, thromboembolism, and
impaired immune function [6]. One of the greatest problems for adequate pain relief
is due to inadequate physician familiarity with analgesic options available. Poorly
controlled POP has been associated with deficient surgical outcomes, longer post-
anesthesia care unit stays, poor pulmonary function, and higher readmission rates.
The development of chronic pain after surgery, also called persistent postsurgical
pain, is also related to uncontrolled acute POP and is recognized as a significant health
problem [7]. On the one-day surgery basis, pain is one of the most prevalent prob-
lems, being as high as 58% 30 min after surgery in the undeveloped countries and up
to 34.7% 48 h after discharge [6].

Up to date, multimodal analgesia is the most effective modality in the management
of POP. This chapter reviews the importance of diagnosis, prevention, and timely
management of POP in plastic surgery patients.

2. Postoperative pain in plastic surgery

Postoperative pain in patients undergoing plastic surgery procedures is a problem
that has not been resolved and that implies serious management challenges. On one
side, these patients are extremely demanding, with little or no tolerance for compli-
cations, especially POP. A growing number are tourist patients who have traveled
many hours and sometimes thousands of kilometers by train, plane, or car only to be
operated in remote places, where another language is often spoken, and customs as
well as food are different from their original countries [8, 9]. Transgender and gender
diversity patients are a steadily growing group requesting plastic surgery that requires
meticulous care in a humanitarian sense, avoiding pejorative comments [10]. These
factors produce stressful situations that make the proper management of POP even
more difficult. An empathic patient-centered intervention can reduce preoperative
anxiety and favor a faster surgical recovery, wound healing, and patient satisfaction.

On the other hand, some plastic surgeons and anesthesiologists do not have
enough knowledge and sensitivity to address the timely treatment of POP [11, 12].

If we add the challenges of the current global crisis on the inappropriate and some-
times illegal use of opioids and other narcotics, the problem is even more difficult to
address [13].

We did not find sufficient epidemiological data on the frequency and intensity
of POP after plastic surgery, although it is known that the most painful procedures
are breast surgery, abdominoplasty, extensive liposuction, and combined surgeries.
In some studies, it is mentioned that plastic surgery, neurosurgery, orthopedics,
and general surgery have the highest prevalence of severe POP varying from 10 to
75% [14-17].
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3. Management of POP in plastic surgery

The POP approach should be started before surgery. This stage, known as
pre-emptive analgesia, is based on preventing the development of spinal hyperexcit-
ability and behaviors related to pain. The measures to prevent POP are basic and very
simple in plastic surgery. During the initial evaluation, the anesthesiologist must gain
the patient’s trust by establishing a deep empathic relationship. The usual question-
ing and physical examination are not enough; the expectations of each patient must
be known, and the reasons for their plastic surgery, and their personal and work
environment are issues that facilitate this patient-anesthesiologist relationship. Pre-
emptive analgesia includes the administration of an analgesic technique or drug with
the aim of attenuating postoperative pain, hyperalgesia, and allodynia. In this phase,
there is a wide range of possibilities, and several drugs must be used simultaneously.
The preoperative combination of an NSAID, magnesium, ketamine, pregabalin, and
an analgesic such as metamizole (dipyrone) or acetaminophen produces spectacular
analgesic results [18-21].

3.1 Pharmacological management of POP in plastic surgery

The pharmacological management of POP in plastic surgery plays a fundamental
aspect since it reduces complications, long stays, and costs, and favors rapid recovery
after surgery. Various drugs and locoregional analgesia, including the tumescent
technique widely used in plastic surgery, are part of multimodal analgesia programs
in these patients [6, 22-24].

3.1.1 Opioids

Although opioids are the cornerstone in the treatment of POP, unfortunately
plastic surgeons prescribe almost twice as many opioids as are required after outpa-
tient surgeries, which continues to be a major factor in the globalized crisis of legal
and illegal use of these drugs [12, 25-27]. Just to mention an example, in body-con-
touring surgeries, opioid overprescription is a proven routine among plastic surgeons.
Bennett et al. [28] examined health insurance claims between 2001 and 2015 of
patients with no history of opioid use who underwent body-contouring surgeries
(abdominoplasty/panniculectomy, breast reduction, mastopexy, brachioplasty, and
thigh plasty). They found that 6.1% of patients who had not previously received opi-
oids developed persistent new use and 12.9% were exposed to high-risk prescriptions.
Persistent opioid use was higher in high-risk prescription patients (9.2%), being the
highest in thigh plasty (17.7%; 95% CI, from 0.03 to 0. 33). These researchers found
high rates of mood disorders, anxiety, smoking, alcohol intake, neck pain, arthritis,
and other pain disorders. In a study [29] of 56,773 patients undergoing body-contour-
ing surgery, it was found that hydrocodone with paracetamol was the most prescribed
opioid with an average of 17.9 days. These authors examined the comorbidities in this
group of patients, finding that the cases with peripheral vascular disease and smoking
were prescribed more opioids than patient without peripheral vascular disease (871.97
vs. 535.41; p < 0.001) and smoking (1069.57 vs. 440.84; p < 0.001). Those patients
who developed surgical site infection, disruption of wound, and venous thrombo-
embolism were prescribed a considerably greater dose of opioids (1213.63 vs. 561.59;

p < 0.001). Another example of opioid overuse is augmentation mammoplasty where
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up to 91.2% of surgeons prescribe opioids, the most recommended being oxycodone
with acetaminophen 47%, and hydrocodone with acetaminophen 38.3% [30].

Opioids primarily act on mu, kappa, and delta opioid receptor modulating the
algesic response. Mu opiate receptor properties also include euphoria, sedation,
anorexia, nausea, vomiting, respiratory depression as well as tolerance and opioid
addiction. When prescribing opioids, it is important to consider patients’ previous
health conditions which could require chronic opioid use, or those conditions which
may require higher doses in geriatric patients or patients with obstructive sleep apnea
in which opioids may lead to airway obstruction.

Oliceridine is a new complex opioid, with potency similar to morphine, with no
ceiling effect, which has fewer side effects than traditional opioids, although it can
cause respiratory and CNS depression. It was approved by the US Food and Drug
Administration in August 2020 for the intravenous treatment of moderate-to-severe
acute pain in hospitalized patients. Although there is still not enough research on POP
in plastic surgery, oliceridine could have a prominent place in these patients [31, 32].

3.1.2 Non-opioids

Acetaminophen (paracetamol) is one of the most frequently used analgesic agents.
Despite the fact that it has been used for more than a century, its mechanism of
action is not fully known, and is related to inhibition of CNS enzyme cyclooxygenase
(COX) activities, with conflicting views on the COX isoenzyme/variant targeted by
acetaminophen and on the nature of molecular interactions with these enzymes. It
appears to selectively inhibit COX-2 by functioning as a reducing agent, although
in vitro screening tests demonstrate low potency in inhibiting COX-1 and COX-2. In
COX-1 transgenic mice, acetaminophen works through the inhibition of a variant of
the COX-1 enzyme to mediate its analgesic and particularly thermoregulatory actions
(antipyresis and hypothermia). Another possibility is that the descending inhibitory
serotonergic pathway is potentiated to mediate the analgesic action of paracetamol,
but without evidence of binding to serotonergic molecules. It has been proposed that
AM404 (N-acylphenolamine), a paracetamol metabolite, activates the endocan-
nabinoidl and transient receptor potential vanilloid-1 (TRPV1) brain systems. Also,
AM404 directly induces analgesia via TRPV1 receptors on terminals of C-fibers in the
spinal dorsal horn [33, 34]. Consequently, acetaminophen induces analgesia by acting
not only on the brain but also on the spinal cord.

It does not have the same gastric complications as other NSAIDs. A single dose
of acetaminophen may reduce pain by 50%. However, its administration should be
reduced in patients with liver malfunction, limiting its total dose to 2000 mg/day. In
healthy patients, its total dose in 24 h should not be over 4000/day mg. Liver damage
from acetaminophen is a rare secondary effect related to overdose.

3.1.3 Non-steroidal anti-inflammatory drugs (NSAIDs)

It is a group of non-opioid analgesics widely used in POP, although its potency is
less than that of opioids and its side effects are extensive, especially with long-term
use. Selective COX-2 inhibitors are linked to greater cardiovascular risk, while non-
selective COX inhibitors are associated with higher gastrointestinal hazard. NSAIDs
with lower renal excretion with phase 2 metabolism are less likely to induce adverse
effects and drug-drug interactions [35].
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NSAIDs, which act in COX-1 and COX-2, have demonstrated a suitable analgesic
effect. However, many patients have restrictions on their administration due to the
higher risk of bleeding. In 2021, a meta-analysis showed that in 151,031 surgical
procedures, including esthetic surgeries, the NSAIDs were unlikely the cause of
postoperative bleeding. Even though NSAIDs have little to no effect on bleeding,
the difference in COX-1 and COX-2 is evident when we analyze platelet dysfunc-
tion. For nonselective COX-1, the platelet dysfunction was greater than with COX-2
inhibitors. According to Schoenbrunner et al., the best NSAID for plastic surgery
has been meloxicam due to its one-day administration basis and the affinity to
COX-2, which decreases its action in platelet function [6, 22]. COX-2 selective
inhibitors are contraindicated in those with preexisting coronary artery disease
because of their association with higher rates of cardiac events. COX-2 selective
inhibitors and NSAIDs should also be avoided in patients with chronic or acute
renal disease [26].

It has been shown that diclofenac associated with beta-lactam antibiotics could
be useful in surgical infections caused by methicillin-resistant Staphylococcus aureus
(MRSA) where implants are used [36], which would represent a considerable advance
in augmentation mammoplasty with implants.

3.1.4 Other types of analgesics and adjuvants in POP

There is a group of drugs that are used as adjuvants in postoperative analgesia that
have proven to be useful, although their advantages are still controversial [37-39].
Some of these drugs are reviewed below.

3.1.4.1 Gabapentinoids

These drugs are specific ligands for the a28-1 subunit of voltage-gated calcium
channels. Gabapentin, pregabalin, and mirogabalin have various pharmacological
effects including antiepileptic, anti-anxiety, and analgesia, although this last effect is
still controversial [40, 41]. A meta-analysis with 6201 patients found that the analge-
sic effect of both drugs is related to the doses used; pregabalin (>150 mg) was more
effective than 75 mg, and gabapentin (>900 mg) if needed [38].

3.1.4.2 Ketamine

It is an extraordinary drug derived from phencyclidine. Synthesized in 1962
by Calvin Stevens at Parke Davis, it was first used in clinical anesthesia in 1965 by
Corsen and Domino. It is a racemic mixture consisting of (S)- and (R)-ketamine,
uncompetitive N-methyl-D-aspartate receptor antagonist. Although best char-
acterized for its dissociative anesthetic properties, ketamine also has analgesic,
anti-inflammatory, and antidepressant actions. It has been used as part of multi-
modal analgesia, from the pre-emptive phase, in the intraoperative period or in the
immediate postoperative period. Sub-anesthetic doses of ketamine administered
before induction or during trans-anesthesia have shown an analgesic effect in
the postoperative period. It also has an important reduction in opioids and may
reduce the hyperalgesia related to opioids [39]. Hallucinations are a disadvantage,
although they are rare and can be prevented with a benzodiazepine administered
as part of the preoperative medication.
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3.1.4.3 Alpha-2 agonists

Alpha-2 adrenergic receptors are found in the central and peripheral nervous sys-
tem, specifically in the pontine locus ceruleus, spinal cord tracts, rostral ventrolateral
cord, and dorsal horn of the spinal cord. Clonidine, dexmedetomidine, and tizanidine
are alpha-2 agonist drugs that modulate these centers, producing analgesia, sedation,
bradycardia, and vasodilation without respiratory impairment. Its adjunctive effects
to anesthesia are well known and are used as fundamental component of multimodal
analgesia. In addition to their analgesic effect, they have been shown to reduce the use
of perioperative opioids [18, 42-46].

3.1.4.4 Glucocorticoids

The use of glucocorticoids for postoperative pain is still controversial. They
have a powerful anti-inflammatory effect through which their analgesic effect is
hypothesized. Dexamethasone and methylprednisolone are the most used and can be
administered perioperatively. They have also been used to reduce rebound pain that
occurs with peripheral nerve blocks [47-49].

3.1.4.5 Metamizole (Dipyrone)

It is a non-opioid analgesic that has been demonized in some European countries
and in the USA due to the possibility of death secondary to agranulocytosis, although
it is one of the most used analgesics in the world since 1970. Its mechanism of action
continues to be a question, having attributed to the inhibition of prostaglandin
synthesis in peripheral tissues and in the central nervous system. Another recent
theory mentions the modulation of CB1 and CB2 cannabinoid receptors [50, 51]. A
randomized, double-blind, multiple-dose study in plastic surgery patients compared
intramuscular metamizole 1 g (every 8 h) versus intramuscular diclofenac 75 mg
(every 12 h), observing that dipyrone considerably decreased the requirement for
meperidine as rescue analgesic in the first 18 h after surgery. This was also associated
with significantly lower pain scores in patients receiving metamizole. Diclofenac had
reduced side effects with thrombocytopenia and prolonged bleeding time in most
patients [52].

At Lotus Med Group—a center specialized in plastic surgery—we use the analgesic
management shown in Table 1, adjusting the doses according to the type of surgery,
patient, analgesic response, and secondary effects. We believe that pre-emptive,
intraoperative, and preventive multimodal analgesia is the best approach for the cor-
rect management of POP in plastic surgery. Of course, the analgesic approach must
always consider an empathetic and pleasant environment for each patient, offering
continuous follow-up in the immediate and mediate postoperative period. Using this
analgesic approach, we have not had cases of persistent postoperative pain.

3.1.4.6 Local anesthetics

Local anesthetics (LA) inhibit neuronal action potentials via voltage-gated sodium
channel blockade. LA for postoperative analgesia is a safe option as long as the total
doses administered are monitored to avoid dangerous side effects, including death.
These drugs can be administered by injection into the wound, subcutaneously, by
tumescent infiltration, intravenously, by the neuroaxial route, in peripheral nerve
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Pre-surgery Intraoperative First24-48h Analgesics at home**
Etoricoxib 90 mg Fentanyl 50 up to Nalbuphine 5-10 mg Tramadol 25-300 mg/day
oral 250 pg iv. /6 h Codeine 15-60 mg/day

Oxycodone 5-15mg/6 h

OCizlmdme 0.1mg Morphine 10-30 mg gﬁftjgliole 2griv Acetaminofen 500 mg/4—6 h
P Etoricoxib 90-120 mg/day

Melatonine 10 mg Nalbuphine up to Ketorolac 30 iv./8 h Celecoxib 100-400 mg/day
oral 30 mg Ibuprofen

. s « . 200-400 mg/6-8 h
g/lagignesmm sulfate Clonidine 75-250 pg Srr:igabahne 75mg/12 h. Diclofenac 25, 50 or

g 100 mg/6 h

Metamizole 1 griv. Pregabaline 75 mg/12 h
Dexamethasone
8 mgiv.

*Added to bupivacaine during spinal anesthesia.
**Combination of 1opioid, 1 NSAID or acetaminofen, plus pregabaline.

Table 1.
Perioperative analgesia plan for adult patients in plastic surgery.

blocks, interpleural, or in transdermal patches. Local infiltration of LA is a simple
technique widely used by plastic surgeons; from the various tumescent solutions
where local anesthetics are mixed—primarily lidocaine—to some regional blocks.
LA toxicity is a controversial issue among anesthesiologists and plastic surgeons.
The maximum safe doses of tumescent lidocaine have been reported to be 28 mg/
kg without liposuction and 45 mg/kg with liposuction, doses that produce serum
lidocaine concentrations below toxic levels [53]. The American Society of Plastic
Surgeons Practice Advisory on Liposuction recommends not to exceed a maximum
dose of 35 mg/kg and only as part of a wetting solution [54]. Intravenous periopera-
tive lidocaine decreases the incidence and intensity of chronic postoperative pain:
initial bolus dose of 1.5 mg/kg followed by a continuous lidocaine infusion of 1.5 mg/
kg during surgery.

3.2 Regional analgesia

The role of regional anesthesia to treat POP in plastic surgery procedures has been
widely discussed [22-24, 55, 56]. Some authors suggest that this method of analgesia
may reduce the incidence of pain by many mechanisms. Blocking the nerves interferes
the transmission of nociceptive input from peripheral nerves, giving as result the
reduced inflammation of the nerves and the activation of glial cells. This technique
also reduces the opioid consumption during and after surgery, decreases PONV, and
cuts lengths of stay as well as costs. Regional blocks as well as neuroaxial analgesia
are extensively used in many specialties and have become a component of many
Enhanced Recovery After Surgery (ERAS) protocols. Epidural analgesia has demon-
strated to improve pain management at 1 year after surgery, and recent studies have
shown that peripheral nerve blocks have the same analgesic outcomes [57].

3.2.1 Peripheral nerve blocks

The increasingly frequent use of ultrasound-guided peripheral blocks favors the
anesthetic and analgesic effects, decreasing side effects and complications, improves
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Figure 1.
Left pneumothorax secondary to intraoperative intevcostal block for POP in breast implants.

comfort and quality of recovery of the patient, and decreases chronic post-surgical
pain and dependence on opioid drugs. In plastic surgery, the most used for mam-
mary surgery are PEC I and II, erector spinae plane block, and thoracic paravertebral
blocks, and some surgeons like to perform proximal intercostal nerve blockade.

Although some studies have mentioned the possibility that PECS blockade
combined with multimodal analgesia does not reduce intraoperative and/or PACU
opioid consumption in women undergoing ambulatory breast surgery [58], the meta-
analysis by Grape et al. [59] including 1026 patients in 16 trials concludes that there
is moderate-to-high-level evidence that PECS blocks provide postoperative analgesia
after breast surgery when compared with no regional technique. Ahiskalioglu et al.
[60] evaluated the use of bilateral ultrasound-guided serratus plane block in 40
patients undergoing breast reduction, concluding that it is a safe technique in the
treatment of POP, in addition to reducing the consumption of opioids.

Intercostal blocks are easy to perform, although they have some complications
such as rapid absorption of LAs and, of course, the possibility of pneumothorax, as
shown in Figure 1.

For abdominoplasty, the transversus abdominis plane (TAP) block, rectus
abdominis muscle block, and erector spinae plane block [60-62], as well as analgesia
by tumescent infiltration using lidocaine, ropivacaine, or levobupivacaine [63, 64],
produce excellent relief of POP.

4, Conclusions

The prevention and treatment of POP are mandatory in the comprehensive man-
agement of patients undergoing plastic surgery—Dbe it cosmetic or reconstructive—
since moderate-to-intense post-surgical pain generates negative physiological changes
that affect rapid recovery, prolong hospitalization, higher readmission rates, high
costs, and interference with patient satisfaction. Multimodal analgesia has proven to
be the best regimen in the comprehensive management of these patients, requiring an
approach that includes medications combined with non-pharmacological techniques.
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Although opioids have been the cornerstone in the treatment of pain secondary to
surgery, the indiscriminate use of opioids for POP should be avoided.

Proper management of POP is an important determinant in the rapid recovery of
patients and the return to their daily activities.
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Abstract

Understanding the definition of pain has imposed numerous challenges toward
pain practitioners. The pain experience phenomena are complicated to understand,
and this construct goes beyond biomedical approaches. Persistent pain as a disease
implicates changes that include modified sensory feedback within the somatosensory
system. It has been documented that different anatomical restructuring in nocicep-
tive integration and adaptations in nociceptive primary afferents and perception
conduits are present in persistent pain situations. Chronic postoperative pain (CPOP)
is known as a particular disorder, not only associated with a specific nerve damage
or manifestation of a unique inflammatory response but also with a mixture of both.
The occurrence of CPOP varies substantially among the literature and depends on the
kind of procedure. There are reports informing that 10 to 50% of the patients under-
going common procedures had CPOP, and 2 to 10% of patients complained of severe
pain. Systematic review has been performed trying to identify the Holy Grail, none
showed sufficient evidence to guide CPOP treatment, and multimodal approaches
must be tried in large randomized controlled trials (RCTs) to provide robust evidence
as evidence-based management for CPOP still lacking.

Keywords: chronic, pain, postsurgical, persistent, postoperative

1. Introduction

It is necessary to fully understand the latest definition of pain, and it is well
implied that this subject has imposed several challenges toward pain practitioners,
requiring some adjustments over the years. The revised International Association for
the Study of Pain recommended that the concept of pain should be revised to “An
unpleasant sensory and emotional experience associated with, or resembling that
associated with, actual or potential tissue damage.” It is well known that this defini-
tion has suffered changes over the years because of the complexity of this experience
where it can differ broadly in intensity, quality, and duration and has varied patho-
physiology mechanisms and implications [1-4].

Pain as an aporia. The approach toward the treatment of pain needs to be multi-
disciplinary, that is why all the patients with persistent pain invite a clinical judgment
of psychosocial susceptibility. The pain experience phenomena are very complex to
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understand; in these recent years, we still practice a linear (biomedical) approach
where we do not find success in terms of treatment; this construct goes beyond
biomedical approaches. We as doctors need to accept that there are various cases
where the solution is beyond our expertise and very difficult to comprehend. That is
why currently the concept of pain constitutes an aporia (paradox), but as pain physi-
cians we have the ethical obligation to engage this disease to benefit the patient that is
experiencing pain [3-5].

Persistent pain as a disease implicates changes that include modified sensory
feedback within the somatosensory system. It has been documented that different
anatomical restructuring in nociceptive integration and adaptations in nociceptive
primary afferents and perception conduits are present in persistent pain situations.
This pain state involves a biopsychosocial model where the biological aspect is not
always the answer; it is well described that pain states defined as “functional” are
expressed, and there is no evidence that justifies this pathology, only psychological
and environmental causes. There are other complex cases known as nociplastic pain;
in this situation, there is no clear evidence of tissue harm causing the triggering of
peripheral nociceptors or sign for disease or alteration of the somatosensory system
responsible of the pain state [3, 4].

The proposition made by these authors regarding this construct brings up to
mind the concept of biopsychosocial framework, where we can talk about the
body-mind dualism proposed by Rene Descartes. It is very difficult to define pain,
we as doctors try always to rule out potential biological causes that provoke pain,
forgetting that sometimes there is a biopsychosocial framework responsible of this
incident [2, 3].

Anesthesiologists play an important role in preventing this pathology, and they
have all the tools and knowledge necessary to avoid this type of pain. Chronic postop-
erative pain (CPOP) is known as a particular disorder that not only associated with a
specific nerve damage or manifestation of a unique inflammatory response but also
associated with a mixture of both [3].

2. Incidence

The occurrence of CPOP varies substantially among the literature and depends
on the kind of procedure. It has been documented 20-50% for mastectomy, around
50-80% for amputation, and 5-65% for thoracotomy. There are reports informing
that 10 to 50% of the patients undergoing common procedures had CPOP, and 2 to
10% of patients complained of severe pain [3].

In 2015, there was a study implemented in 21 European hospitals, and the signifi-
cant outcomes were a 6-month postsurgical extension. There were reports of modest
severe CPOP in 24% of patients and exceedingly severe CPOP in 16% of patients.

At the end of a 12-month follow-up, the incidence of CPOP was reduced 12 to 24%
depending on the duration and the intensity of pain in the first 24 hours. With this
information they concluded that the pain duration in the first 24 hours is considered
as a risk factor for the progress of CPOP [3].

CPOP is a well-defined pathology that affects patients who were exposed to a
certain type of surgery (affection of 5 to 75% of surgical patients). This type of
pain is very important to consider because it affects importantly the quality of life
and results in patient disability and mandate additional health and social expenses.
When the evidence points out that the cause of the pain is neuropathic the condition
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exacerbates, with an occurrence of CPOP fluctuating from 6 to 68% of the cases, dif-
fering on distinct surgery scenarios. The first publication that identified prior surgery
as a cause of chronic pain came from a pain clinic in Northern England in 1998 where
Chrombie et al. found that almost one in four patients attributed their pain to an
operation. Since that time, it has been shown that depending on the type of surgery,
the incidence of CPOP is anywhere between 5 and 85%. The frequency over the last
years has not changed over time, the exact mechanisms of CPOP remain uncertain,
and the treatment continues to be a challenge [3, 6, 7].

3. Criteria for diagnosis
The criteria for CPOP suggested by Macrae and Davies in 1999 are as follows:
1. The pain must have established following surgery.
2.The pain is of at least 2 months in length.
3. Other sources of pain have been eliminated.

4.The likelihood that the pain in continuing from a preexisting problem must be
investigated and exclusion attempted.

The recently suggested criteria are as follows:

1. The pain progresses after a surgical event or rises in intensity after the surgical
process.

2.The pain is of at least 3-6 months duration and significantly affects quality of
life.

3.The pain is a perpetuation of acute postsurgery pain or progresses after an as-
ymptomatic stage.

4.The pain is contained to the surgical field, projected to the innervation zone of a
nerve located in the surgical field, or referred to a dermatome.

5.Other causes of the pain should be eliminated [3, 6, 8].

4, Risk factors

Some circumstances allow the establishment of CPOP, an important risk factor
in the type of surgery, although there are some other factors to be included in these
perpetuation of conditions such as acute severe postsurgical pain, biopsychosocial
affection, demographics, and lack of control on the intensity of pain in the near
postoperative stage. Actual data informs us about the gross number of surgeries made
annually throughout the world. This gives us an idea of the estimate for the general
frequency of 10% for CPOP, meaning that around 23 million patients per year are
suffering with this painful situation [3].
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4.1 Abdominal surgery

In 2014, a report integrated liver donation patients that had a frequency of CPOP
of 31% in 6th month and 27% in 12th month and concluded that several risk factors
were involved, detecting female gender, young patients, and psychological distress
associated with pain states as potential elements for the development of CPOP.

In 2015, a retrospective study documented a CPOP frequency of 17% following
colorectal surgery and concluded that potential risk for CPOP were redo surgery for
anastomotic leakage, inflammatory bowel disease, and acute severe pain. Similarly,
in 2016, an analysis found that women who encountered an abdominally based
autologous breast reconstruction surgery found a frequency of CPOP of 23-24% in a
6-12 month follow-up; they concluded that the leading cause for the development of
CPOP at 6 months is poor control of severe acute pain in the first 24-0 hour post-
surgery [3].

4.2 Breast surgery

Modern analysis has determined a frequency of CPOP of 30-60% with an
existence of moderate to severe pain of 14%. It is well documented that preopera-
tive distress may be considered as a key element for CPOP progression, and another
nonsignificant risk factors are <65 years of age, breast reconstructive intervention,
axillary lymphadenectomy, bad control of acute severe pain in the postsurgical
period, inferior presurgical diastolic blood pressure, and signs of somatosensorial
damage associated with pain at 1 week [3].

4.3 Cardiac surgery

Actual reports in patients after sternotomy document a frequency of CPOP at
3 months to be 43%, diminishing substantially over time reporting 11% at 12 months
and 3.8% at 5 years. In 2016, several authors concluded that a positive neuropathic
sign like hyperalgesia around the sternotomy wound on day 4 of surgery was not
linked with CPOP at month 4th and 6th. However, they concluded that the biopsy-
chosocial sphere, age, gender, obesity, complex surgeries, history of previous proce-
dures, osteoarthritis, and poor management of acute severe pain in the postsurgical
period may be linked with and increased risk for development of CPOP [3].

4.4 Hysterectomy

A couple of studies discovered a global frequency of CPOP of 26% at 6 months
after laparoscopic or vaginal hysterectomy and a rate of moderate-to-severe CPOP of
10.2 and 9.0%, correspondingly, at 3 and 12 months after these surgical approaches.
In a report developed in 2015, they found that procedures performed with this meth-
odology had a strong relationship with CPOP if they had a story of tobacco usage,
acute severe pain in the first hours of the postsurgical period, history of infection
related to the procedure, and anxiety associated with the surgery [3].

4.5 Inguinal hernia surgery

A study conducted in 2015 associated with inguinal hernia surgery after 1 year
of the surgical procedure reported a frequency of CPOP of 43% in patients aged
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18-40 years old, 29% in the 40-60 age interval, and barely 19% for patients with

60 years and above. In patients where the inguinal repair was made with mesh, there
is a strong link with CPOP development with a frequency of 9.3% at 3 months and
intensity of CPOP was related with robust hemodynamic preoperative changes [3].

4.6 Total knee arthroplasty

The latest data on osteoarthritis patients document a CPOP frequency of 58%. At
2014, an analysis discovered a strong relationship with severe pain intensity through-
out a knee active flexion an extension exercise preceding a total knee arthroplasty
(TKA) with moderate to severe pain at 6 months. A meta-analysis conducted by Lewis
etal. followed patients during 3 months to 7 years undergoing TKA; they discovered
that there was a strong linkage with CPOP and alterations in the biopsychosocial
sphere, presurgical knee pain, other chronic pain states associated with current
pathology, and catastrophizing [3].

4.7 Thoracic surgery

Actual reports related to this type of approaches document a frequency of 57% for
CPOP at 3 months, 39-56% at 6 months, and 50% at 1 year. Regarding other thoracic
approaches that are minimally invasive like the ones that are video-assisted have a
lower frequency of CPOP that extend 11-30% [3].

4.8 Thyroidectomy

Evidence on a report of 2016 sustains a frequency of 37% for CPOP at 3 months
preceding minimally invasive video-assisted thyroidectomy. Different studies docu-
ment a frequency of neuropathic pain preceding thyroidectomy of 12-9% at 3rd and
6th month, respectively. There is a strong linkage with presurgical anxiety and doubt
respecting the procedure with the development of CPOP [3].

5. Key definitions

Acute pain is considered as a particular state where the patient experiences a
biopsychosocial reaction to tissue lesion related to inflammatory states, and it can
experience discomfort and the management can be very complex. Generally acute
pain is limited to a time interval but, in some cases, it may perpetuate and transform
in chronic pain. One of the purposes of acute pain is human preservation, and it limits
conducts that place the patient in danger and promotes tissue healing [5].

Chronic pain is characterized as pain that endures beyond tissue healing and the
related metabolic and inflammatory disruption in the body. This kind of pain affects
completely the biopsychosocial sphere and promotes patient disability and hospital
costs in an important manner [6].

Persistent postsurgical pain is documented in 10-50% of patients that undergo
surgery; depending on the magnitude of the surgery some of these patients will
experience acute severe pain, if this initial situation perpetuates patients can develop
chronic pain. It is well documented that one of the main factors for persistent
postsurgical pain is poor control of acute pain in the first hours of the postsurgical
event. The IASP’s classification system for chronic pain syndromes makes a particular
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description as “a persistent pain state that endures two or more months of the surgi-
cal event that cannot be explained by other causes.” This is accompanied by different
changes that affect the somatosensorial system that lead to central and peripheral
sensibilization that finally will manifest as chronic pain and worsen the patient’s
quality of life [6].

6. Factors related to the development of CPOP

There are different causes that perpetuate CPOP, and there is an argument
that places an important relationship of acute severe pain associated with nerve
injury as a crucial element of this continuum and subsequently the presence of
neuropathic pain. The surgeries that are related with CPOP in this circumstance
(nerve injury) are breast reconstruction, thoracotomy, and amputation. It is impor-
tant to mention that there is not always evidence of nerve damage in patients with
CPOP, and those who have nerve damage will not develop CPOP constantly. There
is evidence that one of the principal elements of CPOP progression is repeated and
intense triggering of primary afferents which encourages peripheral and central
sensitization [3, 6, 7].

If the outcome of the surgery is nerve injury the patient will experience inflam-
matory changes that will encourage electrical discharges and early ectopic events
in the nociceptive pathways. There may be observed adjacent propagation of intact
nociceptive afferents nearby areas innervated by injured afferents, and this added
to changes induced by damage progression in the somatosensorial system devel-
oped by this continuum of events posterior to perioperative pain incitement [2, 5].
CPOP progression is defined by neuroplastic changes resulting from neurotrophic
factors and the interface neuron-microglia, and in association with the outcomes
of inhibitory modulation. If this particular situation is not managed, CPOP can
progress and manifest different alterations that can develop a complex pain syn-
drome that perpetuates over time and the treatment may impose an important
challenge [3, 6, 7].

6.1 Chronicity of acute pain

This event leads to variations in the peripheral and central somatosensory system
associated with inflammatory and biochemical modifications that in combination
aggravate this pain syndrome. It has been described several changes in distinct
receptors where we can punctuate the erratic activation of N-methyl-D-aspartate
(NMDA) receptors that leads to liberation of glutamate in the spinal cord at the
dorsal horn originated by peripheral afferents, and additionally ectopic and erratic
triggering of nerves injured during the surgical event. These neuroplastic changes
lead to peripheral and central sensitization resulting in an exaggerated response to
pain [3, 6, 9].

Positive symptoms of neuropathic pain include allodynia and hyperalgesia that
strongly suggest signs of central sensitization, and these states frequently express
incongruence concerning the intensity and perception of the painful stimulus.
Hyperalgesia is usually seen throughout the tissue recovery course; if this event
persists and it is allowed to progress, it may be related to CPOP progression. Without
a doubt, the degree and length of central and peripheral sensitization and the
mechanisms causing disparity among the descendent and ascending pain nociceptive
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pathways; these circumstances fluctuate enormously during the progress of acute
severe pain and CPOP [3, 6, 9].

6.2 Animal experiment basic research

In the 90s of the last century, a specific animal model was designed to recognize
mechanisms that are essential for lesion-induced postsurgical pain. A plantar lesion
model was described to study particular evidence of the fundamental neurophysiol-
ogy of lesion-induced pain. Somehow this model describes that many of the mecha-
nisms responsible of pain as inflammation, antigen-induced or neuropathic pain are
not responsible for incisional pain and vice versa. A couple of concepts are revealed
during an induced lesion, primary hyperalgesia that develops at the side of the inci-
sion and subsequently in an area adjacent to the injury when it comes to secondary
hyperalgesia after various days once the lesion has established [3, 6, 9].

6.3 Spinal sensitization after surgical incision

It has been documented that several elements that are used to avert central sensiti-
zation and CPOP progression in other pain models were unsuccessfully after surgical
incision. The initial reports regarding this model identified that NMDA receptor
antagonists were futile in the context of CPOP prevention. Somehow this informa-
tion guided to the hypothesis that the surgical lesion originates another type of spinal
sensitization compared to other pain entities. This type of sensitization is perpetuated
after this model (plantar incision) is sustained by the afferent limit of sensitized
nociceptors on the non-NMDA/AMPA receptor group, which in conjunction are
accountable for no evoked pain and hyperalgesia after surgical lesion. There are sev-
eral substances responsible of mechanical/heat hyperalgesia that act on the ascending
and descending nociceptive pathways, and the stimulation of GABAA and GABAB
receptors somehow diminish this response, but there is no evidence on attenuation of
no evoked pain by this specific reaction [3, 6, 9].

6.4 Peripheral sensitization after incision

In the initial stages of surgical lesion, the reports on plantar incision provide
substantial evidence of peripheral C and A delta fiber sensitization in the acute phase.
There is analysis in behavior and neurophysiological experiments where muscle
nociceptors play a crucial function in the cause of no evoked protecting conduct after
surgical lesion. Although a skin surgical lesion without involvement of muscle tissue
lesion seems to be accountable for promoting mechanical hyperalgesia posterior to
surgical lesion. This confirms that a muscle injury is not required for the appearance
of positive signs of neuropathic pain on the patient [3, 6, 9].

6.5 Neuroplastic changes in the brain after incision

Actual evidence confirms that presurgical or postsurgical exposure to distressing
elements like immobilization and force swimming test does not make difference on
pain awareness to incitements, such as mechanical, hot, and cold, and it somehow
delays the period of lesion provoked hyperalgesia after surgical incision. There are
reports linked to abolishing stress-induced hyperalgesia by the withdrawal of adrenal
gland and impeding the activation of glucocorticoid receptors [3, 6, 9].

181



Topics in Postoperative Pain

7. Prevention of chronic postoperative pain

As already mentioned, CPOP has a deleterious effect on the quality of life of
the person who suffers from it, causing important economic, social and family
repercussions. The risk factors that predispose to the presentation of this entity have
already been enumerated, and how it can be added to each other for its presenta-
tion. That is why efforts should focus on correcting modifiable causes, such as the
characteristics of the surgery, anesthesia techniques, and the use of pharmacological
prophylaxis [10].

Although it is not a certainty that CPOP can be avoided, diverse reports have deter-
mined that the frequency is lower when risk factors are identified [2]. Preoperative
factors, such as localized pain far from the surgical site, chronic use of opioids, and
mood disorders such as anxiety and depression, will alert about the patients who need
multimodal strategies such as regional anesthesia, hyperalgesic drugs, etc. [11]. The
objective will then be to reduce the mechanisms of central and peripheral sensitiza-
tion [12]. Regional anesthesia, peripheral nerve blocks, and intravenous infusions of
various anesthetic adjuvants have been shown to be beneficial in the prevention and
reduction of chronic postoperative pain [12].

Among the most accepted and recommended drugs are NSAIDs, as long as there is
not contraindication, and in conjunction with a protective medication for the gastric
mucosa, or a selective COX2 (cyclooxygenase-2) inhibitor (maximum 7 days, and do
not use in cases with increased risk of a thrombotic event) [11].

Intravenous infusions of local anesthetics such as lidocaine have recently shown
good results in the prevention and control of immediate postoperative pain, which it
means into a lower prevalence of persistent pain after recovery. Some study protocols
talk about loading doses followed by infusions of around 1-2 mg/kg/h with encourag-
ing results [11]. There is no evidence indicating that gabapentinoids reduce or prevent
CPOP, so they are not recommended [11, 13, 14]. Although no prophylactic role has
been found in the use of gabapentinoids, they have been used successfully in the long-
term treatment of persistent postoperative neuropathic chronic pain [15, 16].

The use of ketamine has been justified by its properties at the NMDA receptor
level and its antagonism in the dorsal horn of the spinal cord. In combination with
other agents, it has been shown to be effective and safe [16].

The mechanism of local anesthetics in chronic postoperative pain perhaps due
to the decrease of neuronal inflammation and glial activation, avoiding chemical,
structural, and functional changes [15].

The use of opioids alone for the postoperative period has not been associated
with reductions in the incidence of postoperative pain; to the contrary it produces
opioid-induced hyperalgesia and prolonged use after surgery. The use of opioids
in multimodal therapy with NSAIDs is recommended to reduce the effects of acute
inflammation induced by cyclooxygenases and the sensitization of peripheral nerve
fibers [17].

Regional anesthesia and nerve blocks are perhaps one of the most useful measures
for the prevention and management of CPOP. It is recommended that, when it is
identified a patient with risk factors for developing CPOP, regional anesthesia can be
prioritized whenever possible or, otherwise, general anesthesia using local anesthetics
such as lidocaine, alpha agonists (dexmedetomidine), inhibitors of NMDA receptors
(ketamine), and plexus or peripheral nerve block techniques, to maximize the analge-
sic effect during the intraoperative period and during the acute phase of post-surgical
recovery.
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In abdominal surgeries, for example, improvement in acute postoperative pain and
alower incidence of CPOP have been found with the use of a transverse abdominal
plane block plus placement of a continuous perfusion catheter [8]. Neck procedures
under general anesthesia and a bilateral superficial cervical plexus block have
been described with good results and lower levels of acute postoperative pain. This
strengthens the idea that maintaining pain control during the first 24 hours after
surgery reduces the risk of pain chronicity. In spinal surgery, erector spinae blockade
techniques have been described for postoperative pain control with good long-term
results [5].

Prevention strategies must be applied in those patients considered to be at high
risk, perform a complete preoperative evaluation before and after the procedure, and
develop preventive strategies establishing an appropriate therapeutic plan for each
particular patient.

8. Diagnosis of chronic postsurgical pain

It has currently been considered that it is mandatory to identify the risk factors
and the possibilities to prevent CPOP, because it has been studied by different authors
as a preventable sequel and some others classify it as iatrogenic, since the triggering
mechanisms are already known. The diagnosis of this syndrome is already described
in the International Statistical Classification of Diseases (ICD-11) of 2019 [18]. One
of the most common and devastating forms of presentation is postsurgical chronic
neuropathic pain, both for intensity levels as well as functional alterations for the
patient.

The medical history is an essential part of the patient evaluation. The characteristics
of the pain, intensity, triggering and mitigating agents, as well as the history of pain
prior and after the surgical procedure, in addition to the functionality report, will be
important indicators that will guide us in the diagnosis. The use of scales to assess the
pain, visual analog scale, or numerical analog scale can be a useful guide in the follow-up
of the cases. Patients with limited pain communication, such as patients with cogni-
tive impairment or who have a condition that makes it impossible for them to speak,
should not be overlooked. For this, behavioral tools such as Pain in Advanced Dementia
(PAINAD), Behavioral Pain Scale, have been created for evaluation of these type of
patients [18]. Another aspect that should not be forgotten is obtaining a description of
persistent postoperative pain with the degree of functional impairment and the extent
of disability in the patient [19]. In the study of Stamer in 2019, the associated variables
with persistent postoperative pain 6 months after surgery were found: young patients,
with intense pain before the surgical procedure or severe pain in the 24 hours following
postoperative recovery. In the gender relationship, men showed a risk 3.6 times greater
than women; the most commonly associated surgeries were orthopedic, abdominal, and
thoracic related to breast cancer [16, 18, 19].

Diagnostic criteria for this entity have not yet been described; however, the recent
definition of the IASP can guide evaluation and timely treatment [10]. The type of
surgery also helps to establish diagnostic suspicion, for example, in breast cancer
CPOP presents 65% of the time as neuropathic pain, mainly as intercostal neuralgia
and post-mastectomy pain syndrome, followed by musculoskeletal pain. Another
aspect that should not be forgotten when obtaining a description of persistent postop-
erative pain is the degree of functional impairment and the extent of disability in the
patient [19].
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9. Chronic postoperative pain management

As we mentioned in previous lines, CPOP may be ominous as patient experience
more emotional distress and tends to have higher pain intensity compared to those
with an insidious onset, making it even more difficult to manage; biopsychosocial
approach is recommended to understand and treat the source properly; rehabilitation
programs must be included [10].

Exhaustive clinical examination focusing on identifying sensory dysfunction
areas due to nerve damage, previous medical history detailing prior pain medications,
impact on quality of life and limitation for daily-basis activity should be considered as
first step to chronic pain treatment to identify the mechanisms by which chronic pain
is being produced or was produced in the first place; during assessment before any
intervention, possible postsurgical complication must be ruled out, complications due
to surgical technic or preoperative patient’s conditions such as malignancy recur-
rence or intestinal anastomosis leak are extremely frequent [20]. Once knowing the
mechanisms and its etiology, a treatment line can be established based on its causes.
Prevention is the cornerstone to avoid the perpetuation of pain; however, in case of
CPOP, multimodal treatment would be the ideal choice [21].

One of the main techniques in the management is regional anesthesia, whether
applied neuraxially or as peripheral nerve blocks. It has an effect through the modula-
tion of pain to avoid central and peripheral sensitization; this technique has the ability to
transform moderate or severe pain to mild, and the purpose is to avoid central sensitiza-
tion or reduce the probability of it on the long run. Regional anesthesia techniques vary
according to each surgical procedure, or the site of pain that the patients specify [22, 23].

Other pharmacological alternatives are gabapentinoids, through the inhibition of
the alpha(2) delta unit regulate neuronal excitation, preventing the over excitation
and sensitization. However, the adverse effects are significant (dizziness, nausea,
vision changes), and relatively high doses are usually required for control or thera-
peutic efficacy [24]. Alpha2 agonists belong to another group of drugs used to relieve,
reduce, and prevent pain, and these effects are produced through an agonist effect on
alpha receptors in the spinal cord, causing analgesia and an opioid-sparing consump-
tion produced by synergistic effect, the representative drugs are dexmedetomidine
and clonidine, but both have important adverse effects such as sedation. Thus, there
are no presentations for alpha2 agonists in the outpatient setup, and they can only be
used in the hospital environment under strict surveillance. More scientific evidence is
required to investigate the efficacy/safety of this therapy, since there are few impor-
tant clinical studies that support these effects [25]. COX 2 inhibitors and paracetamol
are adjuvants that could be used to reduce and control pain, both are involved in the
regulation of the inflammatory response mediated by pro-inflammatory cytokines,
by inhibiting the synthesis of prostaglandins, acute-phase reactants whose inhibition
could prevent or avoid the risk of perpetuating central and peripheral pain sensitiza-
tion. Currently, there are no randomized clinical studies which use COX 2 inhibitors
and acetaminophen for the treatment of CPOP, though both drugs belong to treat-
ment strategies in a multimodal analgesia scheme [26].

10. Conclusions

Above all, opioids and the use of regional anesthesia are probably the first-line
treatment strategies for CPOP as they can provide an almost immediate and significant
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benefit in the setting of acute severe pain. Within opioids, mild-acting ones such as
tramadol as well powerful opioids (oxycodone, buprenorphine, fentanyl) which have
numerous presentations and routes of administration for pain control are part of the
tool setting of the anesthesiologist in the acute pain scenario. However adverse effects
such as sedation, nausea, constipation, and opiophobia limit its uses; it is indispens-
able for the anesthesiologists in the acute pain scenario to have a robust knowledge of
the opioid pharmacokinetics and pharmacodynamics for adequate outcomes, as well
a proper training in regional anesthesia and ultrasound management to provide an
effective execution of this techniques [27].

Systematic review has been performed trying to identify the Holy Grail, all the
interventions included were unimodal, none showed sufficient evidence to guide
CPOP treatment, multimodal approaches must be tried in large randomized con-
trolled trials (RCTs) to provide robust evidence as evidence-based management for
CPOP still lacking.
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Abstract

Physical analgesia is the application of physical modalities for pain relief. Our
objective is to present the potential of some physical factors and correspondent
methods of application; and to explain their mechanisms of action. For pain reduction
we use: low and middle frequency electric currents (e.g. TENS, interferential
currents), electrostatic field (Deep oscillation), magnetic field, light (including
Laser), some mineral waters and peloids, physiotherapy (e.g. analytic exercises,
mechanotherapy, post-isometric relaxation, massage), reflexotherapy (e.g. acupunc-
ture, acupressure). In rehabilitation practice, we use reflectory connections between
the surface of the body and the internal organs (cutaneous-visceral, subcutaneous-
visceral, proprio-visceral, periostal-visceral). The theory of Melzack and Wall for
gate-control explains some effects of physical factors. We propose our own theory
for explanation of mechanisms of physical analgesia. We propose our concept about
rehabilitation algorithms in diseases of the nervous and locomotor systems, accen-
tuating on conditions after surgical intervention (neurosurgical and orthopedic
operations, including joint endoprosthesis and limb amputations). We present some
of our own results in patients with post-operative pain.

Keywords: pain, physical factors, analgesia, electric currents, magnetic field,
photo-therapy, physiotherapy

1. Introduction

According the International Association for the Study of Pain (IASP) painisan
unpleasant sensory and emotional experience associated with actual or potential tissue
damage, or described in term of such damage [1]. Pain is provoked by stimulation of
nociceptors (pain receptors), by modifications in sensory roads, or in cerebral zones.
Pain perception depends on different physical, chemical or psychological factors [2].

The biological importance of pain is the safeguard of the organism from negative
stimuli (external or internal), liberating a defensive reaction. The French philosopher
Rene Descartes [3] explains the shielding character of pain and its capacity to unchain
areaction as a self-protective reflex.
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In 1959, Willem Noordenbos [4] expressed the hypothesis for the multi-synaptic
transmission of pain-signal.

In 1965, the British physiologist Patrick Wall and the Canadian psychologist
Ronald Melzack published the article “Pain Mechanisms: A New Theory” [5].
According the theory of gate control, in the spinal medulla exists a controlling
mechanism, which is closed in response to the normal stimulation of fast fibers of
tactile sense, but is open if the slow fibers of pain perception transport numerous and
intensive sensory signals. A subsequent stimulation of the fast fibers can close the
gate and interrupt these signals [6, 7].

Pain perception has different levels: receptors, sensory roots, posterior columns
of the spinal medulla, thalamus opticus, reticular formation, and cerebral cortex.
Actually, we apply three groups of theories for explanation of pain perception:
specific, non-specific and combined [8-10]. Specific theories accept the existence
of specific pain receptors—nociceptors. According non-specific theories: pain
perception depends on decoding (at spinal level) of temporo-spatial organization of
patterns—signals, perceived by intensive stimulation of non-specific receptors. The
third group of theories accept both theories.

The pathogenesis of pain determines the differentiation of acute and chronic
(persistent) pain; nociceptive and neuropathic pain. In clinical practice, every pain has
elements of nociceptive and neuropathic elements, and this fact is the base of our
therapeutic impotence behind pain [8, 9].

In rehabilitation practice, we observe different types of pain: Nociceptive and
Neuropathic pain, Central pain, Post-operative pain (in neurological and neurosurgi-
cal conditions); Degenerative and Inflammatory pain (in rheumatologic diseases);
Traumatic (Post-traumatic) pain; Post-operative pain; Fibromyalgia or Myofascial pain,
pain due to muscle dysbalance; Tendinopathy pain or Ligamentar pain (in orthopedic
and traumatic conditions); Cancer pain (oncological); Phantom pain [2, 10].

The Declaration of Montréal of the International Pain Summit of the
International Association for the Study of Pain (IASP) categorizes chronic pain as a
serious health problem and proclaims access to pain management as a fundamental
human right [11].

2. Physical analgesia: methods

Pain management is very important for the successful rehabilitation. Different
members of our multi-disciplinary multi-professional rehabilitation team are
included in the pain treatment. The role of the medical doctors—specialists in
Physical and Rehabilitation Medicine is crucial in this process [12, 13].

Physical analgesia is the application of physical factors for pain management. The
anti-pain effect of physical modalities is significant [2, 10, 14]. Physical analgesia has
not side effects and can be combined with other therapies [15].

In physical analgesia, we apply several physical modalities (Table 1).

* Preformed modalities: Electric currents; Magnetic fields; Ultra-sound; Light
beams: infra-red, ultra-violet or Laser [2, 10, 14, 16-25];

* Natural modalities: Kryo-factors; Thermo-agents; Mineral waters; Hydro and
balneo-physiotherapy techniques; Peloids; Physiotherapy techniques—analytic
exercises or soft-tissue techniques [2, 10, 15, 25-33];

190



Physical Analgesia: Methods, Mechanisms and Algorithms for Post-Operative Pain

DOI: http://dx.doi.org/10.5772/intechopen.111590

Procedures

Low frequency currents (galvanic, diadynamic
currents);

Low frequency modulated middle frequency currents
(sinusoidal-modulated, interferential, Kots currents);
Trans-cutaneous electroneurostimulation (TENS)

High frequency currents (diathermy, ultra-high
frequency currents, decimeter and centimeter waves)

Deep Oscillation

Low frequency pulsed magnetic field

Ultra-sound and phonophoresis with NSAIDs;

Types of physical Methods

modalities

Preformed modalities Electrotherapy
Magnetotherapy
Phototherapy

infra-red, ultra-violet, visible light; LASER
(laser-therapy)

Natural modalities Cryo-therapy

ice, cold packs, cold compresses

Thermo-therapy

hot packs, hot compresses

Hydyo- and
Balneo-therapy

douches, baths, piscine

Hydro and underwater massage, under water exercises,
balneo-physiotherapy
Peloidotherapy fango therapy, thermal mud, sea lye compresses
Physiotherapy Analytic exercises; stretching, post-isometric
relaxation
Manual therapy Traction (distraction), mobilization, manipulation
Massage Manual massage or with devices; periostal, connective
tissue massage, etc.
Reflectory methods Reflexotherapy Electrotherapy, thermotherapy and physiotherapy in
reflectory points and zones
Acupuncture and Acupressure
Laserpuncture and Laseracupuncture
Telerehabilitation
techniques
Table 1.

Methods of Physical analgesia.

* Reflectory methods: electrotherapy, thermotherapy and physiotherapy in reflec-
tory points and zones; acupuncture, laserpuncture, acupressure, etc [34].

o Telerehabilitation techniques [35, 36].

3. Physical analgesia: mechanisms

The gate-control theory [5] is widely applied in physical medicine, especially for
explanation of physical analgesia, using the principle of the “contra-stimulation”—
final effect reticence by stimulation of inhibiting systems, or else final effect
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stimulation by embarrassment of inhibiting systems [37, 38]. Investigations of J.
Gacheva demonstrated that the selective electrostimulation of tactile AB-nerve fibers
(with high velocity of conduction) provokes a previous stimulation of suppressive
neurons, they inhibit the tardily arrived nociceptive stimuli of A-6 and C-fibers (with
slower conduction velocity) [37].

At peripheral level, the direct anti-adaptive electrostimulation of receptors prob-
ably provokes a hyperpolarization with a decrease of the sensibility of the nociceptors.

A direct low frequency electrical stimulation of the A8 and C fibers may cause an
analgesic effect.

During last years, the development of the physical medicine proved the existence
of some reflectory connections in the human body, based on the theory for the
metameric structure of the embryo during intra-uterine development. In physical
analgesia, we apply the following groups of reflectory connections (Figure1).

* cutaneous-visceral—between skin and internal organs (e.g. zones of Head, used in
iontophoresis),

* between the subcutaneous connective tissue and visceras (e.g. zones of Leube-Dicke,
applied in connective massage),

* proprio-visceral and motor-visceral—between proprio-receptors and internal organs
(e.g. zones of Mackenzie, used in the physiotherapeutic method of Mackenzie),

* periostal-visceral—between periostium and internal organs (e.g. zones of

Vogler—Krauss, used in periosteal massage).

We consider that physical modalities may provoke an analgesic effect by different
pathogenetic mechanisms (Figure 2, Table 2).

GROUPS OF REFLECTORY CONNECTIONS

PROPRIO-VISCERAL
(zones of Mackenzie)
CUTANEOUS-VISCERAL. /' e
.. (zones of Head) i . MOTOR-VISCERAL
N N '\ {zones of Mackenzie)
~, PERIOSTAL-VISCERAL
\ N - (zones of Vogler-Krauss)
| REFLECTORY |
. CONNECTIONS |
» ~1a | SUBCUTANEOQUS- '
A ~»  CONNECTIVE TISSUE-
L VISCERAL
e (zones of Leube-Dicke)

Figure 1.
Groups of reflectory connections.
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PHYSICAL ANALGESIA:
MECHANISMS OF ACTION OF PHYSICAL MODALITIES

Influence on the causes for
irritation of nociceptors

A

Psycho-therapetic effect ‘ | Blocking the |
X, | nociception
Activation of ‘ ¥ '
reflectory 5 Inhibition of

connections |'

PHYSICAL
ANALGESIA

peripheral
sensitization

Inhibition of | /\/~
central

 sensilization ‘. Peripheral
= - sympaticolysis
Influence on the descending

systems for pain-control and Y Stopping the

activation of the encephalic ‘ Input the gate- neuro-transmission
blocking system of CNS control mechanism |

Figure 2.
Mechanisms of physical analgesia.

Mechanism of physical analgesia Procedures with physical modalities, using this mechanism
By influence on the cause for irritation of pain Low and medium frequency electric currents, magnetic field,
receptors ultrasound, He-Ne laser; massages; manual techniques

By blocking of nociception Low frequency currents, including transcutaneous electrical

nerve stimulation or TENS; lasertherapy

By inhibition of peripheral senzitization Low and middle frequency currents, TENS; magnetic field;
lasertherapy

By peripheral sympaticolysis Low frequency currents e.g. dyadinamic currents, peloids

By stopping the neural transmission (by C and Iontophoresis with Novocain in the receptive zone—the region

A8 delta—fibers) to the body of the first neuron  of neuro-terminals
of the general sensibility

By input of the gate-control mechanism TENS with frequency 90-130 Hz and interferential currents

with high resulting frequency—90-150 Hz

By activation of the reflectory connections classic manual, connective tissue and periostal massage, post-

isometric relaxation and stretching-techniques

By influence on the pain-translation at the level TENS with frequency 2-5 Hz and interferential currents with

of posterior horn of the spinal medulla—using low resulting frequency 1-5 Hz, acupuncture and laserpuncture;
the root of activation of encephalic blocking reflectory and periostal massage, zonotherapy, acupressure,
system in the central nervous system (increasing  su-dgok massage; preformed factors in reflectory zones /palms
the peripheral afferentation) and influence on of hands, plants of feet, paravertebral points; zones of Head, of
the descending systems for pain—control Mackenzie, of Leube-Dicke, of Vogler-Krauss/

By inhibition of central sensitization Lasertherapy; peloidotherapy; physiotherapy

By influence on the psychic state of the patient—  Regular procedures with physical modalities

the drug «doctor» and the drug «procedure».

Table 2.
Mechanism of physical analgesia and correspondent procedures.
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* By influence on the cause for irritation of pain receptors—consequence of stimula-
tion of circulation, metabolism and trophy of tissues;

* By blocking of nociception;
* By inhibition of peripheral senzitization;
* By peripheral sympaticolysis;

* By stopping the neural transmission (by C and A8 delta—fibers) to the body of the
first neuron of the general sensibility;

* By input of the gate-control mechanism;
* By activation of different reflectory connections;

* By influence on the pain-translation at the level of the posterior horn of the spinal
medulla—using the root of activation of encephalic blocking system in the central
nervous system (increasing the peripheral afferentation) and influence on the
descending systems for pain—control;

* By inhibition of central sensitization;

* By influence on the psychic state of the patient—the drug “doctor” and the drug

“procedure”.

4. Physical analgesia: systematic mechanisms

Physical modalities influence at different levels: on the cells and the interstitium,
especially on the cellular membrane and on mitochondrial membranes; on the neuron
and neuroglia; on systematic level; on psychic condition of the patient (psycho-
emotional stress of chronic pain).

Low frequency electric currents, Deep oscillation, lasertherapy and active phys-
iotherapy have influence on different mechanisms of cellular alteration, as follows:
ischemic, hypoxic, hypo-energetic, oxidative stress.

Some rehabilitation procedures stimulate active hyperemia: electrotherapy,
magnetic field, active physiotherapy, hydro- and balneo-therapy, acupuncture.

Other agents reduce passive hyperemia: magnetotherapy, deep oscillation,
manual massage, manual lymphatic drainage and lymphopressotherapy, active
physiotherapy.

Some procedures influence on the exudative phase of inflammation, reducing
exudates: high frequency electric currents, laser, deep oscillation, lymphatic drainage,
manual massage, active physiotherapy.

Physical modalities reduce systematic effects of inflammation. Active physio-
therapy, manual massage and reflectory techniques reduce toxo-infectious syndrome.
Active and passive physiotherapy, lasertherapy and ultra-violet light therapy reduce
the asteno-adynamic syndrome. Active physiotherapy and reflectory techniques
reduce C-reactive protein, regulate endocrinium, and regulate the balance between
sympaticus and parasympathicus.
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Active physiotherapeutic procedures reduce hypoxia (hypoxic, circulatory and tis-
sue hypoxia) and stimulate compensatory mechanisms (respiratory, cardio-vascular
and tissular).

Physical modalities ameliorate the function of the central and peripheral nervous
system. Low frequency electric currents (iontophoresis, functional electrical stimula-
tions) have influence on neuronal dysfunction. Physiotherapy, transcranial electric
and magnetic stimulations stimulate the function of neuronal groups, chains and
nets. Active physiotherapy and ergotherapy improve the cerebral function, acting on
cerebral ischaemia, the brain oedema and the intracranial hypertension.

5. Physical analgesia: pros and contras

Physical analgesia is a cheap treatment, accepted positively by patients. Physical
procedures have not significant side effects and contra-indications.

The treatment is not difficult for realization, is relatively cheap.

We can combine different rehabilitation procedures. We can combine physical
analgesia with other types of analgesia.

We must admit that actually there is a lack of sufficient evidence in the area of
physical analgesia.

An interdisciplinary team (of medical doctors — specialists in Neurology,
Neurosurgery, Rheumatology, Orthopedics and Traumatology, Physical and
Rehabilitation Medicine) programs rehabilitation. For practical realization of the
procedures, we need a staff of physiotherapists, occupational therapists, nurses, etc.

6. General algorithm for pain management

Pain management with physical modalities is based on traditions of physical and
rehabilitation medicine (PRM). According the definition of the European Union
of Medical Specialists—PRM Section [12] this is an independent medical specialty,
oriented to the promotion of physical and cognitive functioning, activities, participa-
tion and changes in personal factors and environment.

According the World Report on Disability of the World Health Organization and
World Bank [39] rehabilitation is a functional treatment, based on a detailed func-
tional assessment. Goals of rehabilitation are functional amelioration and functional
recovery [39].

The White Book on Physical and Rehabilitation Medicine [12, 13] formulates the
basic objective of PRM: increase of patients’ quality of life, especially autonomy in
everyday activities [40]. Tasks of PRM are oriented to amelioration of functioning
and participation in different types of activities [12, 13, 41-43].

Modern rehabilitation algorithm requires a detailed functional evaluation,
based on International Classification of Diseases; International Classification of
Functioning, disability and Health (ICF) and on clinical principles [44-46]. In reha-
bilitation clinical practice, we apply a complex rehabilitation programme, combina-
tion of different physical factors, in some cases—with drugs.

We consider that the complex algorithm for pain management must include:
systematic drugs (and vitamins); rehabilitation complex, and patient education.

The complex PRM algorithm includes a detailed functional assessment of the
patient and a complex rehabilitation programme. Functional evaluation emphasizes
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on goniometry, manual muscle test, grasp and gait evaluation, autonomy in everyday
activities, ICF evaluation, Visual analogue scale for pain /VAS 0-10/, McGill Pain
questionnaire) [47]. The rehabilitation program is established by synergic com-
bination of different natural and preformed physical modalities (kinesiotherapy

and ergotherapy, cryo and peloido-procedures, electrotherapy and photo-therapy,
magnetic field, etc.). This program must include: one or two pre-formed modalities;
one thermo- or kryo-agent; one or two physiotherapeutic procedures (including analytic
exercises, soft tissue techniques, manual therapy, etc.).

At the end of every rehabilitation course, it is obligatory to realize a functional
assessment—with the goal to evaluate the efficacy and to prescribe the consecutive
rehabilitation procedures.

During our modest clinical experience (of 30 years) we received multiple signifi-
cant results in patients with conditions of the nervous and motor systems [48-52]. We
realized comparative evaluation between the efficacy of pure drug therapy, physical
analgesia and combined anti-pain therapy (drug and physical analgesia) on different
types of pain: spastic pain; rigidity pain; hemiparetic shoulder pain and hemiplegic
hand pain; paravertebral (upper & low back) pain; radicular neuropathic pain;
diabetic polyneuropathy pain; arthrosis pain; arthritis pain; scoliotic pain; post-
traumatic pain; post-operative pain; phantom pain.

7. Pathogenetic base of PRM-programs for pain management

The influence of physical modalities on the interstitium (milieu intérieur of Claude
Bernard) is the theoretical base for combination of drugs and physical modalities [53, 54].

The synergy between different physical modalities is the logical base for
prescription of complex rehabilitation program. According the theory of Ferreira
(1983) pain is a consequence of the combination of algesic and hyperalgesic stimulation
[54]. Natural physical modalities (physiotherapy, hydrotherapy, ergotherapy) provoke
ablock of the hyperalgesic stimulation. The algesic stimulation is influenced by pre-
formed physical factors (electric currents, magnetic field, light, etc.). The combination
of natural and preformed physical modalities can reduce pain, using different paths.

SYNERGY OF PHYSICAL MODALITIES

1+1>2

Block of the algesic
stimulation
by pre-formed modalities

Block of the hyperalgesic
stimulation
by natural modalities

Figure 3.

Synergic combination of physical modalities in pain patients.

196



Physical Analgesia: Methods, Mechanisms and Algorithms for Post-Operative Pain
DOI: http://dx.doi.org/10.5772/intechopen.111590

The construction of a complex physical and rehabilitation programme is needed,
because the mechanism of action of different procedures is diverse (Figure 3).

8. Rehabilitation team for pain patients

The obligatory condition for the staff in Pain management is to have competencies
in several thematic fields: Pain theories and the correspondent clinical field.

From the point of view of rehabilitation, the objective must be to assure the qual-
ity of life and the dignity of these patients. Our problem is the quality of care of pain
patients. For us the most important is to guarantee the quality of life of pain patient.

The multi-disciplinary multi-professional team for pain patients must include:

* Medical doctors: specialists in Pain medicine, Neurology, Neurosurgery,
Oncology (Neuro-Oncology), Anesthesiology, Radiology (Neuroradiology),
Orthopedics and Traumatology; Physical and Rehabilitation Medicine;

* Medical and para-medical staff: Physiotherapist, Ergotherapist (occupational
therapist), Nurse, Dietitian, Psychologist, Sociologist, etc.

9. Functional assessment of pain patients

Functional assessment in PRM-practice is based on ICF (Figure 4).

The holistic approach to the patient must be obligatory—the complex evaluation

must include:

* Cognitive capacities (orientation, memory, attention, compliance during reha-
bilitation, conscience of necessity of preventive measures due to the principal

disease);

* Pain (localization, type, intensity /verbal or visual analogue scale/; activities
increasing pain);

* Range of motion (active and passive);

* Muscle force or muscle weakness, motor deficiency;

* Coordination (static, locomotor or dynamic ataxia);

* Mobility (necessity of technical aids, gadgets; instruments, etc.);

* Endurance (capacity to support extreme changes, necessity of pauses during
investigations and functional activity);

* Independence in activities of daily living (bathing, dressing, eating, hygiene, neces-
sity of assistance in self-care).

We evaluate some problems of the pain patient: Reduced endurance and supportability
to physical activity, fatigue; Motor weakness; Coordination problems (posture, locomotion,
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‘ -'; Functional evaluation of the patient in PRM must be based on

INTERNATIONAL CLASSIFICATION OF FUNCTIONNING,
DISABILITY AND HEALTH

(ICF, WHO, 2001)

HEALTH CONDITION
(alteration / disease)

| l
BODY FUNCTIONS ACTIVITIES PARTICIPATION
(and structures) (imtations) \ (disability)

]

I

|
| ENVIRONMENTAL FACTORS | | PERSONAL FACTORS |
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| - .
!
Figure 4.
ICF.
ICF Options
balancing expectations and risks in Pain cases
Awide range of ICF options
with an increasing need for activities and participations
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Assessment of pain patient, based on ICF.

grasping); Pain; Necessity of preventive measuves; Necessity of technical aids; Necessity
of assistance; Difficulties in activities of daily living; Reduced performance and Reduced
functional mobility.

The final complex evaluation, based on ICF, have to include (Figure 5).
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* Body functions (pain, range of motion, motor weakness, dyscoordination
syndromes—ataxia);

* Activities (verticalization, mobility, standing up, walking, transport, grasping,
activities of daily living—ADL);

* Participation (family life, leisure, social life, participation in political activities);

* Environmental factors (environment at home & at work, family & friends, health
insurance, health assurance, social contacts);

* Personal factors (health culture, polimorbidity, age, sex).

10. Algorithms of pain management in post-operative cases

In every case, including post-operative cases, we apply the same algorithm:
detailed functional assessment and complex rehabilitation. This complex rehabilita-
tion principle comprises a synergic combination of different physical modalities and
techniques, accentuating on physiotherapy, ergotherapy, functional electrical stimu-
lations and pain management with preformed modalities (Figure 6).

We emphasize on strictly analgesic procedures, as follows:

* From the group of preformed modalities: dyadinamic electric currents, transcuta-
neous electroneurostimulation (TENS), Trabert current, interferential currents,
magnetic field, LASER, Deep Oscillation, Shock-Wave therapy;

PHYSICAL MODALITIES ‘Lego’ style

Thermo-/
TENS ) Cryo-Th
io-Therapy Deep Oscilabon
Magnetic
gne %
fiold Peloido-Th
Ergo-Therapy

Figure 6.
Rehabilitation puzzle in post-operative cases.
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* From the group of natural physical modalities: soft tissue techniques (post-isomet-
ric relaxation, relaxing massage), manual therapy, extension therapies, balneo-

physiotherapy, peloidotherapy;

* From the group of reflectory methods: acupuncture, low frequency electric currents
in reflectory points.

The choice of the concrete physical factor and of the respective therapeutic
method depends on the type of pain and of the principal disease or condition [55-59],
as follows:

* In nociceptive pain—we apply low frequency electric current (galvanic current,
Lidocaine-iontophoresis, dyadinamic current, especially diphase fixe—DF);
position therapy, infiltration therapy;

* In neuropathic pain—we prefer transcutaneous electroneurostimula-
tion (TENS), Interferential currents, Deep Oscillation; balneotherapy,
peloidotherapy;

* Rheumatic pain in degenerative articular diseases: magnetic field, middle
frequency electric currents; laser-therapy, Deep Oscillation; isometric exercises;
infiltration therapy (in the joint or around it);

* Rheumatic pain in inflammatory joint diseases: in the acute stage—low and
middle frequency electric currents, magnetic field, cryotherapy, analytic isomet-
ric exercises; in the chronic stage—interferential currents, magnetic field, Deep
Oscillation, laser; balneotherapy, peloidotherapy, passive physiotherapy;

* In post-traumatic conditions: cryotherapy, position therapy, active exercises
(accentuating on isometric exercises), magnetotherapy, interferential currents;

* In cases with myofascial pain—middle-frequency electric currents, deep oscilla-
tion, stretching of the respective fascia; analytic exercises—against gravity and
against resistance; underwater exercises, underwater douche massage;

* Inligamentar pain—shock wave therapy, TENS, cryotherapy, underwater exercises;

* In spondylogenic pain (vertebrogenic and discogenic)—low-frequency electric
currents, post-isometric relaxation (PIR), stretching, extension therapy (exten-
sion vertebrotherapy), manual therapy (tractions, mobilizations, manipula-
tions), in chronic stage—ultrasound (or phonophoresis with a non-steroidal
anti-inflammatory gel), LASER (lasertherapy, laserpuncture, laseracupuncture),
exercises for muscular belt, paravertebral infiltrations;

* In oncologic pain—infiltration therapy, active physiotherapy.
During the preparation of the rehabilitation complex, we must combine synergi-

cally procedures with three or more mechanisms of physical analgesia.
In some cases, we must combine physical analgesia and medications.
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Patient’s education is obligatory in cases with chronic pain, especially after surgical
intervention.

In the scientific literature, exist some investigations, proving the effectiveness
of physical analgesia (with different level of evidence) after surgical interventions.
Some of the used combinations are:

* In patients after orthopedic surgery (hip, knee or shoulder arthroplasty; metallic
osteosynthesis of long bones of extremities)—mechanotherapy, active exercises for
limbs muscles, cryotherapy, interferential currents, Deep Oscillation, functional
electrical stimulations, telerehabilitation [10, 24, 25, 30, 31, 33-35, 49, 51, 52];

* In patients after mini-invasive operation of ruptured ligaments—TENS,
Interferential currents, Deep Oscillation, magnetic field, laser, analytic exercises,
mechanotherapy [23, 49];

* In patients after neurosurgical intervention for brain tumors—mechanotherapy,
active exercises, proprioceptive neuromuscular stimulation, balance and gait
training [49];

* In patients after operation of discal hernia—TENS, dyadinamic currents, interfer-
ential currents, Deep Oscillation; Magnetic field, lasertherapy; analytic exercises,
position therapy, relaxing massage, gait training [10, 17, 22, 31, 33, 49, 50];

* In patients after limb amputation with stump pain and phantom pain—Deep
Oscillation, Lasertherapy, analytic exercises [26, 48];

* In patients after abdominal operations: active exercises, electrical stimulations
for stimulation of the peristaltic [26].

11. Conclusion

Pain management is an important part of rehabilitation algorithms in clinical
practice. PRM-programmes of care is obligatory in pain cases, especially in post-
operative patients.

We could recommend our complex pain management program.

The on-time start of rehabilitation procedures in pain management (especially
after surgical intervention) has a lot of beneficial consequences: improvement of
patient condition and prevention of complications; increase of muscle force and range
of motion; regularization of static and balance; normalization of humero-scapular
and pelvi-femoral rhythm; functional recovery of the grasp and gait, amelioration
of autonomy of patients and of quality of life; acceleration of resocialization and
participation in functional activities, positive economic effect.
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