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AIM
To study the efficacy of post operative pain management in patients undergoing
elective open upper abdominal surgeries.
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OBJECTIVES
PRIMARY OBJECTIVE: To assess the efficacy of current modalities of
analgesia use in elective open upper abdominal surgeries.
SECONDARY OBJECTIVE: a) To study the unwanted side effects associated
with different analgesic modalities.
b) To formulate an analgesic protocol for open
upper abdominal surgery with effective pain relief and minimum side effects.
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INTRODUCTION
Strictly speaking , there is but one real evil: I mean acute pain. All other complaints
are so considerably diminished by time that it is plain the grief is owing to our
passion, since the sensation of it vanishes when that is over
Lady Mary Wortley Montagu(1)
It is a shame that we possess such insufficient knowledge concerning the character of
pain—those symptoms which represent the essential part of all bodily suffering of
man
Goldscheider 1894(2)
Under treatment of acute pain has been recognised as an important issue over the past
two decades. Despite the introduction of new standards and guidelines, pain still
remains to be managed inadequately. Effective management of postoperative pain
leads to earlier mobilization, shortened hospital stay, reduced hospital costs, and
increased patient satisfaction . There are no unique post operative analgesic protocols
in our institution and pain management differ among various surgical units. This
study was essentially just a survey to assess the effectiveness of our analgesic
modalities and to lay the groundwork for future modifications . Training, education
and research on new modalities of pain relief and their implantation, a well
functioning Acute Pain Services(APS) are pivotal to this system.
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A review of literature reflects on multiple aspects of acute postoperative pain. It is
presented under the following headings.
A. Definition of Pain
B. History of Pain
C. Nociception & Types of Pain
D. Terminologies associated with Pain
E. Theories of Pain
F. Epidemology of Pain
G. Receptors of Pain


Types of Nociceptors

 Nocineurons
 Factors activating Nociceptors
H. Modulation of Nociception
 Peripheral Modulation
 Central Modulation
 Neurochemical Mediators
I. Endogenous Opiate system
J. Pain Pathways
 Neospinothalamic Tract
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 Paleospinothalamic Tract
 Archispinothalamic Tract
K. Endogenous Pain Suppression Pathway
L. Physiological sequelae of Pain
M. Pain Assessment Scales
 Visual Analog scale
 0-10 Numeric Pain Rating Scale
 McGill Pain Questionnaire
 Behavioural Rating Scale
 Functional Activity Score
 Wong- Baker FACES Pain Rating Scale
 Universal Pain Assessment Tool
N. Preemptive analgesia
 Central Sensitization
 Central Hyperexcitability
O. Acute and Chronic effects of Post operative Pain
P. Analgesic Ladders
 WHO(World Health Organization) Ladder
 Modified WHO Ladder
 WFSA(World Federation Of Societies Of Anaesthesiologists )Ladder
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Q. Multimodal analgesic approaches
R. Practice Guidelines for Acute Pain Management in the Perioperative Setting
(An Updated Report by the American Society of Anaesthesiologists Task Force on
Acute Pain Management) ; published on Oct 20,2011(3)
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A. Definition of Pain
“An unpleasant sensory and emotional experience associated with actual or potential
tissue damage, or described in terms of such damage.”
Adapted from IASP 1979(4)
In 2004 IASP started its first “Global Year Against Pain” with the motto “The Relief
of Pain should be a Human Right”(5) . In 2010- 2011 IASP discussed on acute pain
(4)

B. History of Pain
The word Pain is derived from old French and Anglo- Norman peine, paine , from
Latin poena which means punishment or pain . But according to Greek mythology
there was a Goddess of revenge called ‘Poine’ who was sent to punish mortal fools
who had angered the gods based on whom word pain is derived.(6)
In the ancient era Plato and Aristotle considered pain to be an emotional experience
but not a sensory one. (7)
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Figure(1)
Descartes' pain pathway: "Particles of heat" (A) activate a spot of skin (B) attached
by a fine thread (cc) to a valve in the brain (de) where this activity opens the valve,
allowing the animal spirits to flow from a cavity (F) into the muscles causing them to
flinch from the stimulus, turn the head and eyes toward the affected body part, and
move the hand and turn the body protectively.
Illustration of the pain pathway in René Descartes' Traite de l'homme (Treatise of
Man) 1664. The long fibre running from the foot to the cavity in the head is pulled by
the heat and releases a fluid that makes the muscles contract.
During the Renaissance period, Rene Descartes stated that pain is actually an internal
mechanical process. He said that body was a machine and pain is the disturbance in
the machine which passed through nerves to brain. His Cartesian model(8) of a hard
wired system suggested that pain is transmitted by very fixed pathways.
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The current concept of nociceptive pain follows the ideas of R. Melzack and P. Wall in
the 1960s.(9) The Father of Medicine, Hippocrates prescribed willow leaves to women in
childbirth . Willow trees contain active ingredient of aspirin that is salicylic acid. In
ancient Egypt , electric eels were fished out of the river Nile, and were laid over the wound
to relieve pain . This practice is not very different from the modern day modality of TENS;
Transcutaneous electrical nerve stimulation. (8)
These interesting accounts also reflect one essential aspect of the past, that the patient
was and should be treated as a whole. Pain encompasses not only the physical
component but also the emotional, psychological, psychosocial and economic
condition of the patient and affects the whole medical infrastructure.(10)

C. Nociception & Types of pain
Nociception means noci(latin for harm or injury), is the neural response to noxious
stimuli. The entity of nociception is not a hard wired process as depicted by the 17th
century scientist and philosopher, Descartes. It involves elements of neuroplasticity
that are dynamic with multiple points of modulation . The continuing noxious stimuli
can lead to sensitization of neurons, converting acute pain to chronic.
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Nociception involves :(11)
1. Transduction- Any injury causes tissue damage and release of mediators of noxious
input, like prostaglandins, serotonin,substance P, bradykinin and histamine. All these
inflammatory mediators generate an action potential which is called transduction.
2. Transmission – This is the conveying of above generated action potential to spinal
cord and higher centres.
3. Modulation- This phase involves inhibiting painful stimulus, by an endogenous
descending inhibitory pathway.
4. Perception- when pain is consciously perceived by the individual.
Post operative is further divided into acute and chronic pain .(12)
Acute pain – It is primarily nociceptive and perceived immediately after surgery up to
a week.
Chronic pain – This involves nociceptive, neuropathic, psychological & behavioural
factors. It is referred as chronic, if persisting beyond 3- 6 months of the insult.
Acute pain is further differentiated into somatic and visceral pain
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Salient features:
Somatic pain is divided into superficial and deep pain;
a. Superficial pain – nociceptive input signals arise from skin, subcutaneous tissue and
mucous membranes. It is a well localized, sharp, pricking and throbbing
sensation.
b. Deep pain- The locus for deep pain are the muscles, tendons, joints and bones. It is
a less well- localized pain with a dull aching quality and influenced by the
stimulus intensity and duration.
Visceral pain;
Arises from an internal organ or its covering.
Subtypes- a) true localized visceral and parietal
b) referred visceral pain and parietal
Visceral pain is dull, diffuse, in the middle and associated with autonomic lability, in
the form of nausea, vomiting, diaphoresis or shock where as parietal pain is of sharp,
stabbing nature. It involves the area around the organ or is referred from a distant site
owing to our embryological dermatomal distribution ; as listed in table (1)
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Table (1) cutaneous dermatomal distribution(12)

Physiological pain :
It forms part of the defense network of the body. There is activation of high
threshold sensory nerve fibres , by a minimal stimuli that causes no tissue damage.
It warns the subject to move away from the source of such input.
Pathological pain:
The presence of intense and prolonged noxious stimuli lead to tissue damage. Such
injury increases the sensitivity of nerve fibres, due to low threshold or hyperalgesia
and causes pain both at the site; primary hyperalgesia and secondary hyperalgesia ,
when it sensitizes the dormant sensory neurons also.
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Neuroplasticity:
The pain transmission pathway from periphery to the higher centres gets sensitized by
any noxious input. This response gets heightened by injury. The Aδ and C fibres get
activated and intercept next higher order neurons. The release of neurokinins and
glutamate neurotransmitters sensitizes dorsal horn cells. There is expansion of the
receptive field. There is an increase in the activity of NMDA receptor, during this
process.
Neuropathic pain: (13)(14)
The International Association for the Study of Pain(IASP), has defined neuropathic
pain as pain, resulting from disease or damage followed by the dysfunction of the
peripheral and central nervous system.
This category of pain is found to be difficult to diagnose and treat compared to other
etiologies of pain. The plasticity of the nervous system gets modified, central as well
as peripheral. The hallmark is painful sensation arising from an area with altered
sensation like numbness or hyperexcitability. Patients complain of shooting pain,
radiating or stabbing in character. Even cold breeze or clothes brushing against the
sensitive area is painful.
Assessment is done by using clinical examination and bedside tests(14) like Leeds
Assessment of Neuropathic Symptoms and signs; LANSS pain scale or the pain
DETECT questionnaire. These are evidenced to have 80% accuracy.
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Such patients have poor physical and mental health, following the poor quality of life
(13)that develops. The management of neuropathic pain puts a lot of burden on the
economic infrastructure of any centre, since it is difficult from the standard modalities
of care.
Classification of Neuropathic pain and associated syndromes:
Neuropathic pain is divided into four categories:
1. The lesions involving the peripheral nervous system:
a) Neuralgias like trigeminal neuralgia, glossopharyngeal neuralgia, post- traumatic
neuralgia and post herpetic neuralgia.
b) Nerve entrapment syndromes
c)Ischaemic neuropathy
d) Nerve involvement following malignancy or radiation
e) Phantom limb pain
2. Polyneuropathies
a. Metabolic and nutritional like Diabetes mellitus , Pellagra, Beri beri, Amyloidosis,
Hypothyroidism.
b. Toxicity following alcohol consumption, isoniazid, antiretroviral medication,
chemotherapy.
c. Infective and Autoimmune causes like Guillian barre syndrome, HIV.
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d. Malignancy
e. Hereditary like Fabry’s syndrome.
3.Central nervous system lesions:
a. Spinal cord injury
b. Multiple sclerosis
c. Stroke
d. Parkinson’s disease
4. Complex neuropathies
a. Complex regional pain syndromes Ι & Ι
A recent study has tried to explain the mechanism involved in neuropathic pain. Any
injury to a peripheral nerve, the noxious heat gated VR- 1 receptor gets over
expressed.
This receptor is located normally only on the C fibres cell bodies. This receptor is
activated on the uninjured Aδ fibres, on the dorsal horn cells. So it appears that
uninjured neurons contribute to this pain generation as well.
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Table (2) Here’s a list of Entrapment neuropathies :(12)

[- 21 -]

D. Terminologies associated with pain: (12)

Table (3) ; terminology associated with pain
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E. Theories of Pain: (15)(2)
Numerous theories have been proposed over the years, the most important ones
described below.
Intensity theory:
Earlier referred to as intensive or summation theory, first conceptualized by Plato in
the fourth century, later on advanced further by Arthur Goldscheider in 1859. He
suggested a neurophysiological model to describe the intensive effect which proved
that repeated subthreshold or superthreshold stimulation can cause pain.
Specificity theory:
This theory is based on Muller’ s law of “ specific nerve energies” which states that ,
any stimulus applied to a receptor would produce similar sensation in the brain,
regardless of the stimulus. Specificity theory conceives of a separate pain system with
its own distinct receptors, nerve fibres, pathways to the brain and a specific area in the
brain to process pain. This concept was further expanded by Von Frey.
Pattern theory:
J.P. Nafe postulated a quantitative theory of pain. This theory ignored the findings in
specificity and intensity theory and stated that any somaesthetic sensation occurred by
a specific and particular pattern of neural firing & that the spatial and temporal profile
of firing of the peripheral nerves encoded the stimulus type and intensity .
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Figure (2) ; Theories of pain
Gate control theory:(16)(17)
This is the most acceptable and debated theory of pain. It was proposed in 1965 by
Melzack and Wall and is explained as follows; small myelinated sensory neurons
carry afferent input to the dorsal horn of the spinal cord. Here substantia gelatinosa
layer contains interneurons, which functions as a gate to modulate sensory input to
higher centres. The opening & closing of this hypothetical gate is influenced by the
following factors:
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1. A stronger noxious input increases the amount of activity in pain fibres and opens
the gate.
2. When noxious stimulus exists, any activity in large diameter fibres called Aδ fibres
tends to close the gate.
3. The efferent descending pathways can either open or close the gate depending on
the brain processes. To elaborate further, people who are distracted by competing
environmental stimuli, may not notice the pain of an injury. Other important theories
include Central Summation Theory, The Fourth Theory of Pain, Sensory Interaction
Theory and Biopsychosocial Model of Pain.

Figure (3); gate control theory of pain.
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.F. Epidemology of Pain:(18)(19)
The prevalence of undertreated pain is found to be very significant world over.
Despite the availability of all analgesics and anaesthetic techniques, the prevalence of
post operative pain is still high. In a survey in the United States, 1 out of 6 patients
sought a physician with complaints of pain. The prevalence of acute pain after
surgery was found to be 80% according to survey conducted in Chicago, United
States. Of these 86% patients experienced moderate , severe, or extreme pain(20). The
prevalence of pain in surgical patients was estimated. It was found that moderate or
severe pain was reported by 41% of the patients on day 0, 30% on days 1 and 19%,
16% and 14% on days 2, 3 and 4(21). The prevalence of moderate or severe pain
among the abdominal operations was high on postoperative days 0-1 (30-55%) (21).
The incidence of chronic pain after major surgery is estimated to be between 20% and
50%(22) . The prevalance of chronic pain is estimated at 8- 60% in United Kingdom
(23). Unipolar depression, coronary heart disease, cerebrovascular disease, and road
traffic accidents are the four contributors of global burden of disease by 2030 as
predicted by WHO. Chronic pain is the common comorbidity associated with all
these and affects 20% of the entire European population(19).
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G. Receptors of Pain (24):
They are free nerve endings present in the skin, muscle, joints, bone and viscera.
They contain transient receptor potential channels with 6 transmembrane domains,
with a pore between 5 and 6. There is transduction of noxious stimuli into receptor
potentials, which initiate action potentials in nerve fibres. This constitutes the afferent
input towards higher centres. There are no nociceptors inside the central nerve system.

Figure (4); Nociceptors (25)
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Types of nociceptors:
A) Skin nociceptors :Functionally divided into four categories
1. High threshold mechanoreceptors or specific nociceptors- They respond to intense
mechanical stimulation.
2. Thermal nociceptors- They respond to intense mechanical stimuli and thermal
stimuli.
3. Chemical nociceptors- These respond to chemical stimuli only.
4. Polymodal nociceptors – They respond to mechanical, thermal and chemical
stimuli.
B) Joint nociceptors :-

They are high threshold mechanoreceptors, polymodal

nociceptors and silent nociceptors present in the joint capsule and ligaments. The
innervating fibres contain Substance P and CGRP( calcitonin gene related peptide),
C) Visceral nociceptors :- Organs contain mechanical, thermal, chemical and silent
nociceptors(mostly). They are scattered with in variable distance of each other.
D) Silent nociceptors:- Located in the skin and deeper tissues, these receptors
become responsive upon injury or inflammation, apparently by reducing their
threshold. They induce hyperalgesia, central sensitization and allodynia.
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NOCINEURONS: Nociceptive neurons in the spinal cord.
1. High threshold mechanoreceptors; activated by noxious cutaneous and visceral
stimuli. The afferent fibres release glutamate and other neuropeptides, which sensitize
dorsal horn neurons.
2. Chemical nociceptors ; activated by wide variety of chemical stimuli.
3. Thermal nociceptors; cold and heat environment activates thermal nociceptors
4. Polymodal nociceptors (WDR : wide dynamic range neurons)
These respond to both noxious and non- noxious stimuli.
Rexed lamina Ι- This layer has nociceptive specific/ mechanoreceptors. It alerts for
noxious stimuli.
Rexed lamina - this layer is specific for wide dynamic range/ polymodal neurons. It
analyses the parameters of noxious stimuli.
C fibres are activated by Substance P. Aδ fibres are activated by Glutamate.

Figure(5);Rexed’s spinal cord laminae. Note the termination of the diﬀerent types of
primary aﬀerent neurons(12).
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Table (4) ; Spinal Cord Lamina (12)

WDR; wide dynamic range
Factors affecting nociceptors:
1. Globulin and protein kinases
2. Arachidonic acid- metabolized to prostaglandins , act via G protein, protein kinase .
A cascade which blocks potassium efflux; thus making nociceptors more sensitive.
3.Histamine - released from mast cells
4. Nerve growth factor(NGF) – This binds to TrkA rceeptors, activating them.
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5.Substance P and calcitonin gene related peptide – produce vasodilatation and
edema.
6. Potassium – after injury there is evidence of elevated local extracellular potassium
concentration.
7. Serotonin (5-HT) , Acethycholoine(Ach), low pH (acidic ) solution & ATP.
8. Muscle spasm and lactic acid.
The release of all these substances sensitizes c fibres, reducing their threshold, which
is referred to as peripheral sensitization.
Table (5); Major Neurotransmitters mediating or modulating pain (12)
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H. Modulation of nociception:(12)
Peripheral modulation:
This type of modulation involves two basic mechanisms.
1. Primary hyperalgesia: This is the sensitization of nociceptors following release of
allogens surrounding any tissue injury or inflammation. Examples of inhibitors
ofprimary hyperalgesia are; Prostaglandin inhibitors= aspirin, NSAIDs(Non steroidal
anti inflammatory drugs), COX 2 inhibitors,
Phospholipase A2 inhibitors = corticosteroids.
2. Secondary hyperalgesia :
The triple response of neurogenic inflammation, which includes flare or red flush,
local tissue edema and sensitization, due to release of Substance P and CGRP; leads
to secondary hyperalgesia.
Examples of inhibitors of secondary hyperalgesia are Topical application of capsaicin
degranulates and depletes Substance P.
3. Miscellaneous peripheral modulators of pain:
 Nociceptive sensory neurons have Vanilloid or TRPV -1 receptor.
 Tetrodotoxin – insensitive sodium channels NAv 1.8 and NAv 1.9.
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Figure(6) ; peripheral modulation(26)

Central modulation of Pain:
1.Facilitation mechanism:
This modulation works around three mechanisms:
1. A prolonged repetitive stimulus increases the discharge frequency of Wide
Dynamic Range, second order neurons. This activation continues even after
cessation of the inciting C fiber input.
2. There is expansion of the sensitive area around dorsal horn neurons, such that
adjacent unresponsive neurons also get sensitized. These, now become capable of
responding to noxious and non noxious inputs.
3. There is bilateral exaggeration of flexion reflexes.
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Substance P, Vasoactive intestinal peptide(VIP), Cholecystokinin, Angiotensin,
Galanin, , Calcitonin gene related peptide (CGRP), L- glutamate and L- aspartate
are neurochemical mediators. Common pathway is interaction with G- protein
coupled receptors.

Figure(7); Central pain modulation(27)

Figure (8) ; Mechanisms of central sensitization(28)
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2. Inhibition mechanism:
Segmental inhibition; Glycine and GABA are inhibitory neurotransmitters that
regulate this mechanism.
GABA А – This creates inhibition by increasing Cl¯ channel conductance . Example
of agonist is muscimol. Glycine shares the same mechanism.
GABA B – This increases K+ conductance, causing segmental inhibition. Agonist is
baclofen.
GLYCINE – It is excitatory on NMDA receptors. The antagonists are strychnine and
tetanus toxoid.
Adenosine – A1 receptor- inhibits adenylcyclase causing antinociceptive effect. Its
antagonists are phosphodiesterase inhibitors.
A2 receptor- stimulates adenylcyclase.

Figure (9 ) ; G- protein coupled receptor.
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FIGURE (10 ); G protein activation of adenylcyclase (29)

FIGURE (11) GABA RECPTOR(30)
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I. ENDOGENOUS OPIATE SYSTEM:(12)
This system involves the nucleus raphe magnus and reticular formation. These
endogenous opoids are:
a. Meth nine encephalin
b. Leucine encephalin
c.  endorphin
Antagonist for these opoids is Naloxone. These endogenous opoids cause presynaptic
and post synaptic inhibition by inducing hyperpolariztion.
J. Pain Pathways:(31)
There are 3 major ascending pathways, which carry afferent input of pain to higher
centres .
Neospinothalamic tract :
This constitutes the classic lateral spinothalamic tract
First order neurons ► Dorsal root ganglion ► Synapses in Rexed layer Ι/ marginal
zone ► Decussate in anterior white commissure / same level ► Ascend in antero
lateral column ► Ventroposterolateral & ventoposteroinferior nucleus thalamus/
relay station ► Primary somatosensory cortex ► Fibres below neck travel to ►
VPL & VPI nuclei ► Fibres from head and neck ► Trigeminothalamic tract ►
Ventoroposteromedial – somatosensory cortex Ι / Brodman area Ι/ Aδ fibres &
Intralaminar nuclei – somatosensory cortex ΙΙ / Brodman area ΙΙ / C fibres
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Paleospinothalamic tract: (phylogenetically old)
Nociceptive neurons/ wide dynamic range neurons(WDR) ► Dorsal root ganglion ►
Synapses in Rexed layer ΙΙ (Substantia gelatinosa ), ΙV- VП & Х ► Crossed and
uncrossed fibres bilaterally ► Mesencephalic reticular formation (MRF) &
periaqueductal gray (PAG) ► Spinoreticular tract ► Tectum ► Spinotectal tract &
Spinomedullary tract ► PF – (CM) complex / parafasciculus – centromedian
thalamus ► Anterior Spinothalamic tract ► Somatosensory cortex П – Brodman
area .
Paleospinothalamic tract also activates Brain stem nuclei for the descending pain
suppression pathway.
The intralaminar nuclei and limbic system, which processes the emotional component
of pain, are extensively well connected.
Archispinothalamic tract : (phylogenetically oldest tract)
Nociceptors in Dorsal root ganglion ► Rexed layers П, ΙV-VΙΙ ►Multisynaptic
propriospinal diffuse pathway/ bilaterally ► MRF & PAG area ► PF – CM
complex ► Hypothalamus and limbic system
This tract is responsible for visceral, emotional and autonomic components of pain.
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Figure (12 ); pain pathways . DC, dorsal column; STT, spinothalamic tract(12)
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Figure( 13) ; Primary sensory cortex & homunculus(12)
Lateral ( A ) and coronal ( B ) views of the brain show the location of the primary
sensory cortex. Note the cortical representation of body parts, the sensory
homunculus ( B ).
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Figure (14) ; A cross section of the spinal cord showing the spinothalamic and
other ascending sensory pathways(12).
Note the spatial distribution of fibers from different spinal levels:
cervical (C), thoracic (T), lumbar (L), and sacral (S).

K. Endogenous Pain Suppression Pathway:(32)
The studies of Magoun and colleagues, provided evidence that the brainstem exerts an
inhibitory control over spinal cord input. This concept was further supported by the
animal experiments of Reynolds in 1969. There are 3 components , that constitute this
pathway.
1) Midbrain periaqueductal grey(PAG) :- This area has high density of opiate
receptors and connections with spinal cord and nucleus raphe magnus.
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Triggers like direct electrical stimulation, opiates and acupuncture activate a
descending inhibitory pathway via raphe magnus and locus coerulus, that inhibits pain
pathways.
2) Nucleus raphe magnus
Situated in rostral medulla, it is rich in serotonin and projects axons onto marginal
nucleus for generating synapses, that inhibit pain signals.
3)Nucleus locus coerulus
Located in the floor of fourth ventricle, has high levels of norepinephrine, follows the
same route as axons from nucleus raphe magnus.

L. Physiological sequelae of Pain :
Any acute injury results in undue stress. The catabolic processes in patients with pre
existing comorbidities, considerably increase their postoperative morbidity.
Consequences of inadequate analgesia:
Inadequate analgesia , particularly after thoracic and upper abdominal surgery, may
cause pulmonary dysfunction and an increase in postoperative pulmonary
complications. Involuntary spinal reflex responses to the noxious stimulus from the
injured area result in reflex muscle spasm in the immediate region of the injury as well
as the surrounding muscle groups, which prevents movement in this area (splinting),
with subsequent hypoventilation and hypoxemia. In addition to that, pain can cause
diaphragmatic dysfunction, which further impairs ventilation.
After upper abdominal surgery, vital capacity decreases by 40% to 60%, with a
greater decline in the elderly than in younger patients.
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Table(6 ); physiological response
ORGAN SYSTEMS

PHYSIOLOGICAL RESPONSE

CVS

Activation of sympathetic system through
catecholamines and activation of Renin
Angiotensin system leading to increased heart rate,
peripheral vascular resistance,
arterial blood pressure, and myocardial
contractility resulting in increased cardiac
work, which inturn can cause
myocardial ischemia, myocardial infarction &
congestive cardiac failure.

PULMONARY SYSTEM

Respiratory and abdominal muscle spasm
diaphragmatic dysfunction,
decreased vital capacity
impaired ventilation and ability to cough,
atelectasis,
increased ventilation/perfusion mismatch,
hypoventilation,
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hypoxemia
hypercarbia, increased postoperative pulmonary
infection
GASTRO INTESTINAL
TRACT

Increased gastrointestinal secretions and
smooth muscle sphincter tone,
reduced intestinal motility, paralytic ileus,
nausea and vomiting

RENAL SYSTEM

oliguria,
increased urinary sphincter tone,
urinary retention

ENDOCRINE SYSTEM

Increase in catabolic hormones, reduction in
anabolic hormones. Increase in ACTH, cortisol,
epinephrine& glucagon lead to protein breakdown,
lipolysis& hyperglycemia. Increased ADH &
aldosterone leads to salt & water retention.

COAGULATION

Activation of coagulation cascade, Increased
platelet aggregation, venostasis, decreased
fibrinolysis,
increased deep vein thrombosis, Thromboembolism
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IMMUNE SYSTEM

Stress following surgery depresses the immune
system & predisposes the patient to infections.
Decreased activity of RES system with decreased
killer T cells.
increased infection,
tumour spread or recurrence.

M. Pain Assessment Scales : (33)
The National Initiative on Pain Control(NIPC) has provided us various pain
assessment tools. They are briefly described below.
Visual Analog Scale:
This scale is a 10 cm line, on which patient is asked to rate their current level of pain.
It is applicable from five years of age. The initial mark is used as a baseline for
subsequent comparisons, for an individual.
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Figure(15); visual analog sacle
0 - 10 NUMERIC PAIN RATING SCALE:
To assess subjective intensity of pain. To be used in ages ≥18.
The numbers correspond to pain level as follows:

1 – 3= mild pain
4- 6 = moderate pain
7-10 = severe pain
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Figure(16); Numeric Pain rating scale
McGill Pain Questionnaire:
Melzack and Torgerson developed this questionnaire 1971. This has been used in
children as young as five years of age.
Circle the words that describes your pain only one word in a group. After this, circle
the three words in groups 1- 10, relating your pain. Pick two words in 11- 15, one
word in 16, and one in 17 – 20. Finally you should have seven words in total,
describing your pain intensity & quality.
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Figure(17); Mcgill questionnaire
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Behavioural Rating Scale:
Used in non verbal patients. For patients unable to provide a self report of pain:
scored 0- 10 clinical observation.

Figure(18); behavioural rating scale
*Assess muscle tone in patients with spinal cord lesion or injury at a level above
the lesion injury. Asses0s muscle tone in patients with hemiplegia on the
unaffected side.
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Functional Activity Score:
This is an activity related score.
The ability to complete the activity is then assessed using the FAS as:
A — no limitation the patient is able to undertake the activity without limitation
due to pain (pain intensity score is typically 0 to 3);
B — mild limitation the patient is able to undertake the activity but experiences
moderate to severe pain (pain intensity score is typically 4 to 10);
C — significant limitation the patient is unable to complete the activity due to
pain, or pain treatment-related side effects, independent of pain intensity scores.
This score is then used to track effectiveness of analgesia on function and trigger
interventions if required. Disadvantages of the FAS score are that it has not been
independently validated and clinical staff need to be educated in its application.
Universal Pain Assessment Tool:
This tool is intended to assist health care providers in assessing pain according to
individual patient needs. 0 – 10 scale is used for self assessment, facial
expressions and behavioural scales are used for patients who cannot express their
pain intensity.
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Figure(19); universal pain assessment tool

N. Preemptive Analgesia:(34)
Preemptive usually means ‘ Preventive’ and not ‘before the incision’. Wall coined the
term

“ preemptive preoperative analgesia”.

The nociceptive input undergoes central and peripheral modulation. Post operative pain
is amplified by processing of afferent impulses. Preemptive analgesia is a modality of
antinociceptive treatment, which is thought to modify this mechanism.
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This concept was first introduced by Crile in the 19th century, and further developed by
the animal experiments of Woolf. Crile used regional blocks with general anaesthesia to
inhibit the initiation of intraoperative nociception and thereby prevent the formation of
painful postoperative scars.
Central sensitization: defined as the hypersensitivity to pain due to persistent post
injury changes in the central nervous system plasticity.
Central hyperexcitability: when a normal afferent input elicits an exaggerated and
prolonged response from the neurons, following tissue damage, it is referred to as central
hyperexcitability.
It starts from before the incision and continues throughout the duration of surgery, into
the initial postoperative period. In all this the inflammatory component can be a very
dominating factor. Preemptive analgesia reduces pathological pain. Central sensitization
to pain follows three components in series:
1. Preoperative pain and other noxious inputs.
2.Noxious intraoperative stimuli.
3.Postoperative inflammation and neural activity.
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O. Acute and Chronic effects of postoperative Pain:(35)(36)(37)(38)
In adequate analgesia leads to a series of detrimental acute and chronic effects. This can
be attenuated through reduction of nociceptive input to central nervous system and
optimization of analagesia which facilitates early recovery and discharge.
ACUTE EFFECTS:
Transmission of nociceptive stimuli from the periphery to the CNS results in the
neuroendocrine stress response, a combination of local inflammatory substances (e.g.,
cytokines, prostaglandins, leukotrienes, tumor necrosis factor-α) and systemic
mediators of the neuroendocrine response. The dominant neuroendocrine responses to
pain involve hypothalamic-pituitary-adrenocortical and sympathoadrenal interactions.
Suprasegmental reflex responses to pain result in increased sympathetic tone,
increased catecholamine and catabolic hormone secretion (e.g., cortisol,
adrenocorticotropic hormone, antidiuretic hormone, glucagon, aldosterone, renin,
angiotensin II), and decreased secretion of anabolic hormones. The effects include
sodium and water retention and increased levels of blood glucose, free fatty acids,
ketone bodies, and lactate. A hypermetabolic, catabolic state occurs as metabolism
and oxygen consumption are increased and metabolic substrates are mobilized from
storage deposits. The extent of the stress response is influenced by many factors,
including the type of anaesthesia and intensity of the surgical injury, with the extent of
the stress response being proportional to the degree of surgical trauma. Attenuation of
the stress response and postoperative pain may facilitate and accelerate the patient's
recovery postoperatively. This neuroendocrine response has detrimental effects.
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Enhancement of coagulation, inhibition of fibrinolysis, and increased platelet
reactivity and plasma viscosity may contribute to an elevated incidence of
postoperative hypercoagulable related events such as deep venous thrombosis,
vascular graft failure, and myocardial ischemia. Uncontrolled postoperative pain will
lead to sympathetic system activation. Sympathetic activation may increase
myocardial oxygen consumption, which may be important in the development of
myocardial ischemia and infarction and may decrease myocardial oxygen supply
through coronary vasoconstriction and attenuation of local metabolic coronary
vasodilatation . Activation of the sympathetic nervous system may also delay return of
postoperative gastrointestinal motility, which may develop into paralytic ileus.
Although postoperative ileus is the result of a combination of inhibitory input from
central and local factors, an increase in sympathetic efferent activity, such as from
uncontrolled pain, may decrease gastrointestinal activity and delay return of
gastrointestinal function. Control of the pathophysiologic processes associated with
acute postoperative pain may attenuate the stress response, sympathetic outflow, and
inhibitory spinal reflexes and contribute to improvements in morbidity, mortality, and
patient-reported outcomes like improvement in patient’s quality of life and high level
of patient satisfaction.
CHRONIC EFFECTS: Chronic postsurgical pain (CPSP) is a largely unrecognized
problem that may occur in 10% to 65% of postoperative patients (depending on the
type of surgery), with 2% to 10% of these patients experiencing severe CPSP.
Adequate analgesia in the early postoperative period facilitate active participation of
patient in rehabilitation and result in improvement of short and long term recovery.
[- 54 -]

P. Analgesic Ladders:
WHO ANALGESIC LADDER:(39)

Figure (20); The World Health Organization Analgesic Ladder introduced for
improving pain control in cancer patients. Originally described Ladder has three
rungs.
This is a step wise approach, to increase analgesia in the face of unrelieved pain. It
was initially devised for cancer pain management, but its application to acute pain was
well founded. It is a tool to guide healthcare providers, by providing rough protocol
of multimodal analgesia. Step  is for treatment of mild pain with non opioid
analgesics. Step  deals with moderate pain with weak opioids, with or with out the
addition of non opioids. In Step , severe pain is handled with strong opioids with or
without non opioids. It does not have any specifications for the name of drug to be
used, in order to maintain a level of flexibility according to the protocols &
availability in that area. Limitation of this ladder is that its applicability seems more
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for slowly progressing pain and not initially severe pain. Step  was not found to be
effective.

MODIFIED WHO ANALGESIC LADDER:

Figure (21); modified WHO analgesic ladder
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This is a modification from the original ladder, in an effort to overcome the
shortcomings. It is also based on multimodal analgesia. It depends on the availability
of strong opioids in the area and trained physicians to administer them.
Step : nonopioid is started for mild pain, if pain persists then a titrated low dose of
strong opioid is added to the regimen.
Step : for moderate pain, treatment begins with low dose strong opioids, with or with
out non opioids.
Step :For severe pain, strong opioids is the norm.
This ladder creates a provision for nerve blocks and adjuvant therapy also. The use of
weak opioids is being restricted, as not found to be efficacious.
There are recommendations to make the ladder more efficacious:
1) Whenever permissible, oral route is preferred.
2) Analgesics should be given at regular intervals.
3) Pain medication should be prescribed only after assessment of pain intensity with a
standardized tool.
4)Dosing should be individualized.
5)Attention to detail is must.
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Figure (22); new adaptation of Analgesic Ladder(39)
WFSA LADDER FOR ACUTE PAIN: (40)
This is different from WHO Analgesic Ladder in that, it is a step down approach to
manage acute pain. This is apparently because the treatment of acute pain begins with
more sturdy techniques, since afferent nociceptive input is stronger at the inception of
the insult. As the wound heals, intensity of pain reduces , so medications can be
reduced. The route of administration is mostly parenteral on the first postoperative
day. On the second rung of the ladder, if oral intake is allowed depending on the
nature of the surgery, oral analgesics are added. The pain intensity also diminishes
over time, so strong opioids may not be needed by the patient. Subsequently ,
peripherally acting non opioid drugs might suffice as in Step .

[- 58 -]

Figure (23); The World Federation of Societies of Anaesthesiologists(WFSA)
analgesic ladder. Local anaesthesia= epidural, spinal, peripheral nerve or wound
block.(40)

Q.Multimodal analgesic approaches& perioperative recovery:(38)
The analgesic benefits of controlling postoperative pain are enhanced when a
multimodal strategy is implemented. Principles of a multimodal strategy include
control of postoperative pain to allow early mobilization, early enteral nutrition,
education, and attenuation of the perioperative stress response through the use of
regional anaesthetic techniques and a combination of analgesic medication.
Patients undergoing major abdominal or thoracic procedures and who participate in a
multimodal strategy have a reduction in hormonal and metabolic stress, preservation
of total-body protein, shorter times to tracheal extubation, lower pain scores, earlier
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return of bowel function, and earlier fulfillment of intensive care unit discharge
criteria.(41)
The multimodal approach integrates the most recent data and techniques from
surgery, anaesthesiology, nociceptive neurobiology, and pain treatment, making it an
extension of clinical pathways (Enhanced Recovery After Surgery, or ERAS), or
“fast tracks,” by revising traditional care programs into effective postoperative
rehabilitation pathways.(41)

ANALGESIC APPROACHES INCLUDE THE FOLLOWING:
Various modalities are available. Treatment methods include systemic and regional
techniques.
Systemic analgesics : opioids & non opioids
Regional techniques: neuraxial & peripheral analgesic techniques.
OPIOIDS:
This class of drugs have a prime role in management of pain. They act on µ receptors
located centrally & peripherally. Their use is limited by development of tolerance or
side effects. There is no ceiling effect, as far as analgesia is concerned. The common
side effects are:
 Pruritis
 Sedation
 Respiratory Depression
 Nausea
 Vomiting
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 Constipation
 Urine retention
There are various routes of administration like ; oral, intramuscular, intravenous,
subcutaneous, transdermal patch, transmucosal, intrathecal,epidural space & topical
application. The serum level can vary with site , like wider variability with
intramuscular route than intravenous route. There is wide interindividual variability in
the analgesic effect. For post operative patients, parenteral route is preferred because
of the rapid onset of effect compared to other routes and also the nature of surgery
precludes nil per oral state. The changeover from parenteral to oral route requires that
an adequate level of analgesia be created with parenteral route, which should be
superimposed with oral analgesics. Prescription of PRN opioids breaks the analgesic
cycle regularly, needing rescue medications. So, the use of sustained release
formulations is advocated. They maintain constant drug levels in the bloodstream.
Transdermal patch acts as an adjuvant in the setting of acute postoperative pain, but a
new patient- activated electrically facilitated delivery of transdermal fentanyl has been
found to be more effective.
Sites of opioid activity in the central nervous system:
 Periaqueductal and periventricular gray
 Nucleus reticularis and gigantocellularis
 Medial thalamus
 Mesencephalic reticular formation
 Lateral hypothalamus
 Raphe nuclei
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 Spinal cord
 Afferent neuron
 Periphery
Table (7) ; characteristics of opioid receptors(38)
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Proposed structure of the µ-opioid receptor. Black circles indicate amino acid
residues identical in the µ- and d-opioid receptors. TM-I to TM-VII show putative
transmembrane segments composed of hydrophobic amino acid residues.(42)

Figure (24); structure of opioid receptor(43)

Intravenous patient controlled analgesia (PCA):
The factors like pharmacokinetic and pharmacodynamic interindividual variability,
break through pain due to inappropriate dose and frequency; can be circumvented to
optimize analgesia. This modality is based on the principle of negative feedback.
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More pain increases demand, which the reduces the pain and next requirement. It is
under patient’s control.
The side effects are also reduced, but certain pump malfunctions can be disastrous.
The PCA device has the following variables which need to be adjusted before
initiating treatment. Demand dose(bolus), lock out interval and the background
infusion . Recommended demand dose for morphine is 1 mg and 40 µg for fentanyl.
Lock out interval is the safety feature of this pump. The level of analgesia will
decrease with too long an interval and side effects will increase with too short a time
by overdose. It is usually kept at 5 – 10 minutes, depending on the drug formulation
being used. The role of background infusion has not found any support in the
literature. It can improve analgesia, but can cause cumulation of drug and toxicity.
Sleep time background infusion is also not recommended.
The risk of respiratory depression with PCA is < 0.5%. this can increase in certain
group of patients like; old age, PCA with background infusion, concomintant
administration of other hypnotics or sedatives , obstructive sleep apnoea, pulmonary
disease and operator error. The risk of respiratory depression with PCA is < 0.5%. this
can increase in certain group of patients like; old age, PCA with background infusion,
concomitant administration of other hypnotics or sedatives, obstructive sleep apnoea,
pulmonary disease & operator error.
Dosifuser:
This is relatively new method of delivering opioid infusion. The pump is based on
vacuum. Drug is delivered at a constant pre fixed rate and cannot be modified. The
manufacturer manual is provided with various drug concentrations along with the dose
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that will be delivered. Eg: Morphine 50mg mixed with 60ml saline to get a final
concentration of 1.3ml/hr = 1mg of morphine. This infusion continues for 2 days. It
is patient friendly and not a hindrance to patient’s ambulation and the quality of
analgesia achieved is quite satisfactory to most patients.
Tramadol
 Centrally acting synthetic opioid
 Weak affinity for µ receptor.
 Inhibition of Monoamine reuptake.
 Peripheral local anaesthetic properties
 Used for moderate postoperative pain
 1/10th as potent as morphine
 Analgesic equivalent to 650mg aspirin, 60mg codeine, 400mg ibuprofen
 Lack of respiratory depression
 No organ toxicity
 Less abuse potential
 Dose : 2mg/kg intravenous route/ 3mg/kg oral , intramuscular route.

SIDE EFFECTS: high incidence of nausea, vomiting. Other side effects are dizziness,
sweating, dry mouth and headache.
Caution for use in patients with raised intracranial pressure and history of seizures.
Contraindicated in patients on MAO(monoamine oxidase ) inhibitors. Ondansetron
interferes with analgesia of tramadol due to the interaction with reuptake inhibition of
5HT.
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PARACETAMOL / Acetaminophen :
It is called as Acetaminophen in the United States, Paracetamol in United kingdom.
Chemical structure is N- acetyl – para - aminophenol it is derived from acetanilide .It
inhibits prostaglandin synthesis in the CNS. This explains its antipyretic and analgesic
properties. Acetaminophen has less effect on cyclooxygenase in peripheral tissues,
which accounts for its weak anti-inflammatory activity. Acetaminophen does not
affect platelet function or increase blood-clotting time. Acetaminophen is not
considered to be an NSAID.
Pharmacokinetics : It is rapidly absorbed from the gastrointestinal tract. First pass
metabolism occurs in the luminal cells of the intestine and hepatocytes. Under normal
circumstances, acetaminophen is conjugated in the liver to form inactive
glucuronidated or sulphated metabolites. A portion of acetaminophen is hydroxylated
to form N-acetylbenzoiminoquinone, (N-acetyl-p-benzoquinoneimine, or NAPQI), a
highly reactive and potentially dangerous metabolite that reacts with
sulfhydryl groups and causes liver damage.
Adverse effects: With large doses of acetaminophen, the available glutathione in the
liver becomes depleted, and N-acetylbenzoiminoquinone reacts with the sulfhydryl
groups of hepatic proteins, forming covalent bonds. Patients with hepatic disease, viral
hepatitis, or history of alcoholism are at higher risk of acetaminophen-induced
hepatotoxicity. Potentially life threatening complications like hepatic necrosis and
renal tubular necrosis may occur. This clinical effect manifests after 72-96 hrs. AST
and ALT more than 1000U/L is diagnostic.
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Toxic dose : ingestion of 150mg/kg body weight or 12gm is toxic in an adult.
Antidotes for paracetamol toxicity:
Methionine and N- acetyl cysteine increase the levels of glutathione in the liver,
thereby helps to metabolise the toxic compound quinine imine.
Dose of NAC for paracetamol overdose is:
150mg/kg in 200ml 5% dextrose over 15mins.
50mg/kg in 500ml 5% dextrose over 4hrs.
100mg/kg in 100 ml 5% dextrose over 16 hrs.

Figure(25); metabolism of acetaminophen(44)
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NSAIDs( Non Steroidal anti inflammatory drugs):
These are non opioid drugs found to be very effective as adjuncts in moderate to
severe pain . they are used alone in treating mild to moderate pain. One of the major
mediators of peripheral sensitization and hyperalgesia are prostaglandins. These are
synthesized by arachidonic acid metabolism via Cyclooxygenase enzymes.
3 isoforms of COX enzyme are ;
 COX -  : constitutive form
 COX -  : inducible form
 COX -  : central mechanism
COX  is responsible for platelet aggregation, haemostasis and gastric mucosal
protection; COX  causes pain, inflammation and fever. Generally NSAIDs are both
COX-  and COX -  inhibitors. These drugs form an integral part of multimodal
analgesic techniques. NSAIDs have been found to decrease opioid related side effects
, more than paracetamol.

Figure(26);Summary of non steroidal anti-inflammatory agents (NSAIDs)(44)
[- 68 -]

NEURAXIAL AND PERIPHERAL ANALGESIC TECHNIQUES:
These constitute an excellent modality of pain management. An appropriately planned
and instituted technique relevant to the surgery can almost alleviate postoperative
pain. Use of opioids will be less and thus side effects are avoided.
Single dose neuraxial opioid:
The use of opioids for intrathecal and epidural administration is based on their
lipophilicity and hydrophilicity. Hydrophilic drug like morphine if injected
intrathecally or slow migration from epidural space , stays longer in the
cerebrospinal fluid and effects last longer. Side effects like respiratory depression are
more because of supraspinal spread of these drugs. Lipophilic opioids like fentanyl
and sufentanil provide rapid onset of action and side effects are less as they are
cleared from cerebrospinal fluid faster. New formulation of liposomal encapsulated
epidural morphine lasts 48hrs of analgesia.
TABLE (8) ; PROPERTIES OF NEURAXIAL OPIOIDS: (38)
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CONTINUOUS EPIDURAL ANALGESIA:
It is a safe and effective method of providing postoperative analgesia which is
superior to systemic opioids. The combined epidural- general anaesthetic technique
for intraoperative and post operative analgesia results in less pain and speedy
recovery compared to general anaesthesia followed by systemic opioids for post op
pain relief.
Analgesic drugs :
Local anaesthetics : Sites of action are nerve roots, dorsal root ganglion or spinal
cord. They are usually combined with opioids which will improve the quality of pain
relief.
Opioids : They can be used alone for epidural infusion and donot cause hypotension or
motor block. The analgesic action of continuous hydrophilic opioid infusion is
primarily spinal. Use of continuous infusion beneficial with fewer side effects as
opposed to intermittent boluses.
Local anaesthetic – opioid combination:
The combination of opioid and local anaesthetic can help to decrease the side effects
of each, and at the same time improve the analgesic potency. It prevents regression of
sensory block, decreases the dose of local anaesthetic administered. Continuous local
anaesthetic opioid epidural infusion provides better analgesia than intravenous PCA
with opioids.
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Table (9 ); dosages of neuraxial opioids (38)

Adjuvants :
Clonidine : 2 agonist , acts on the 2 receptors in the spinal dorsal horn, primary
efferents, interneurons, descending inhibitory pathway or noradrenergic pathway.
Epidural dose is 5 – 20 µg / hr. Limited use because of its side effects like
bradycardia, sedation and hypotension.
Epinephrine: it improves the quality of the sensory block, given in doses of 2 – 5
µg/cc.
PERIPHERAL REGIONAL ANALGESIA :
A variety of nerve block techniques , wound infiltration and intraarticular injection
can be done manage pain effectively. There are many advantages with these methods
like superior analgesia, less side effects due to systemic opioids and neuraxial
methods. They can be performed in the intraoperative period so that post operative
pain is also managed. Limitations being, needs expertise to perform nerve blocks,
other complications namely nerve injury, hematoma causing nerve damage and
intravascular instillation of local anaesthetic, local anaesthetic systemic toxicity.
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R. Practice Guidelines for Acute Pain Management in the Perioperative Setting
(An Updated Report by the American Society of Anaesthesiologists Task Force
on Acute Pain Management) ; published on Oct 20,2011:(3)
Salient features of this report are as follows:
I. Institutional Policies and Procedures for Providing Perioperative Pain
Management
 Anaesthesiologists with other health care professionals should provide,
ongoing education and training to hospital personnel.
a)Training should include basic bedside pain assessment to sophisticated pain
management techniques like epidural, PCA and regional blocks.
b) Non- Pharmacological techniques like imagery, hypnotism and relaxation.
 To use standardized, validated tools to periodically evaluate and document
pain intensity, effects of treatment and any associated side- effects.
 Anaesthesiologists should be available 24 hours for any issues related to pain
management.
 Anaesthesiologists assistance regarding any aspect of perioperative pain
management should be provided as a part of Acute Pain Services.
II. Preoperative Evaluation of the Patient
Anaesthetic preoperative assessment should include;
1. Focused pain history.
2. Directed physical examination.
3. Pain management plan for each patient.
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III. Preoperative Preparation of the Patient
1. To decide which medication should be withheld or continued, to decrease the
likelihood on an abstinence syndrome.
2. Management of preexisting pain.
3. Preemptive initiation of analgesia to control postoperative pain better.
4. Patient and family members should be appropriately educated regarding their roles
in providing comfort, reporting pain and about the proper use of relevant analgesic
methods for the patient.
5. Misconceptions regarding analgesia, related to adverse effects should be dispelled.
6. Patient should be educated about proper use of Patient controlled analgesic
techniques and other therapeutic options, with instructions in behavioural modalities.
IV. Perioperative Techniques for Pain Management
 Therapeutic options include epidural or intrathecal opioids, systemic opioid
PCA, and regional techniques after considering the risks and benefits for the
individual patient.
 The therapy prescribed should reflect individual anaesthetist’s ability to
manage any adverse effects .
 Special caution should be taken when continuous infusion modalities are used
because drug accumulation may contribute to adverse events.
V. Multimodal Techniques for Pain Management
 Multimodal analgesia should be the preferred method.
 Unless contraindicated, patients should receive an around the clock regimen of
NSAIDs, COXIBs, or Acetaminophen.
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 Regional blocks should be considered.
 Dosing regimens should be administered to optimize efficacy while
minimizing the risk of adverse events.
 The choice of medication, dose, route, and duration of therapy should be
individualized.
VI. Patient Subpopulations
• Paediatric patients:
1. Inadequate analgesia should be treated aggressively in children.
2. Pain assessment and treatment should be according to age and global development
3. Multimodal approach is advocated according to patient’s age, bodyweight and
comorbid illness.
4. Pain has an emotional component, which should be addressed.
5. All analgesics to be used appropriately according to patient’s age, bodyweight.
6. Monitoring is mandatory during the procedure and recovery.
• Geriatric patients
1. Pain assessment and treatment should be include as a part of perioperative care.
2. Elaborate evaluation is needed to overcome hindrances to communication.
3. Pain treatment should be planned carefully in elderly patients due to the added risk
due to comorbid illnesses.
4. Vigilant dose titration is necessary to ensure adequate treatment while avoiding
adverse effects such as somnolence in this vulnerable group, who are often taking
other medications

[- 74 -]

• Other subpopulations
a. Anaesthesiologists should recognize that patients who are critically ill, cognitively
impaired, or have communication difficulties may require additional interventions to
ensure optimal perioperative pain management.
b. Anaesthesiologists should consider a therapeutic trial of an analgesic in patients
with increased blood pressure and heart rate or agitated behaviour when causes other
than pain have been excluded.
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JUSTIFICATION FOR THE STUDY
Efficacy has been defined as “the ability of an intervention to produce the desired
beneficial effect in expert hands and under ideal circumstances” .The ideal analgesic
for a major surgery would provide effective pain relief with minimal side effects and
high level of patient satisfaction. The adequate treatment of pain is important not only
from a humanitarian point of view but also from a physiological aspect. Pain
produces tachycardia and hypertension which leads to an increase in cardiac
workload and risk of postoperative myocardial ischemia or infarction in high-risk
patients. Major abdominal surgeries with upper abdominal incisions lead to severe
abdominal pain, which if treated inadequately, can cause shallow breathing,
atelectasis, retention of secretions and lack of cooperation in physiotherapy. Areas of
spontaneous atelectasis may arise with regional underventilation, perfusion
inequality and shunting of venous blood. This increases the incidence of postoperative morbidity and leads to delayed recovery.
Hence , Effective analgesia is central for early mobilization and rapid rehabilitation
of the patient. Evaluation of the practice of post-operative pain management by
different anaesthesiologists and its effectiveness is an essential step toward identifying
the better pain management strategies and devising guidelines to improve practice .
Ours is an observational study mainly to know the effectiveness of pain management
after major open upper abdominal surgeries in our hospital and to know which mode
of analgesia is the most effective in reducing post operative pain.
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RESEARCH QUESTION:
1) Is the post operative pain management in our institution effective?
2) Are the current modalities of analgesia effective with minimal side effects?
3) What are the associated side effects with these modalities of acute pain
management?
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METHODOLOGY:
Brief summary of the study:
This study was a prospective observational study to assess the efficacy of current
modalities of analgesia in elective open upper abdominal surgeries. After approval
from Ethics committee and Institutional Review Board (IRB), 100 consecutive
patients who fulfilled the inclusion and exclusion criteria were recruited, after
obtaining informed consent.
It includes all the patients aged 18- 65 yrs and ASA grade  ,,  whose mental
health is normal and postoperative hospital stay for atleast 48hrs coming for elective
open upper abdominal surgeries. There were no modifications whatsoever in the
preoperative medications. Mode of analgesia intraoperatively and post operatively was
at the discretion of the primary anaesthesiologist. After the surgery, patients were
followed up in the ward for the next consecutive 48hrs . Their pain scores were
assessed twice daily using Universal pain assessment tool and all the corresponding
data was collected and mentioned in the data sheet. It broadly involves
demographics, ASA grade, proposed surgery, comorbidities, method of post
operative analgesia, pain scores on postoperative day 1 and day 2, other adjuvants and
side effects associated with pain management.
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PAIN SCORES:0. No pain
1. No pain to mild pain
2. Mild pain
3. Mild pain to moderate pain (interferes with tasks)
4. Moderate pain (interferes with tasks)
5. Moderate pain (interferes with tasks) to moderate pain (interferes with
concentration)
6. Moderate pain (interferes with concentration)
7. Moderate pain (interferes with concentration) to severe pain
8. Severe pain
9. Severe pain to worst pain possible
10. Worst pain possible.
Significant pain for this study was considered as pain score of ≥ 3; mild to moderate
pain (interferes with tasks)
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Methodology in detail:
Study design: A prospective, observational study.
Intervention : Nil
Study setting and Population: This study was conducted in the general surgery
wards, of Christian Medical Hospital in Vellore, Tamil Nadu. It was conducted on
100 surgical patients who were admitted for elective upper abdominal open
operations. Pain assessment tool was used to assess pain, according to individual
patient perception. It was scored on a scale of 0 to 10, explained in further detail later.
The facial expressions or behavioural observations were used to interpret expressed
pain when patients are unable to communicate pain intensity adequately.
Key criteria:
Inclusion criteria:
(1) All ASA , ,  patients
(2) Within the age group 18 – 65
(3) With capacity to give valid consent
(4) Planned for elective open upper abdominal surgeries
(5) Hospitalized for 48 hours postoperatively.
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Exclusion criteria :
(1) Refusal to consent for the study
(2) Emergency procedures
(3) Day care patients
(4) Laparoscopic operations
(5) Patients with impaired mental health
(6) Patients requiring transfer to the intensive care unit post operatively.
PRIMARY OBJECTIVE:
Assessment of the efficacy of current modalities of analgesia in elective open upper
abdominal surgeries.
SECONDARY OBJECTIVE:
a) To study the unwanted side effects associated with different analgesic modalities.
b) To formulate recommendations for an analgesic protocol in open upper abdominal
operations, to provide effective pain relief with minimal side effects.
Target sample size and Rationale:
Reference: Ahmed et al (2013) post operative analgesia for major abdominal
surgery(45)
The sample size was calculated with the expected proportion of 70% having mild/no
pain and 30% having moderate/severe pain among 100 patients.
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The 10% precision is considered here. The minimum required samples to be collected
for the study was N=81. The sample size was calculated using n Master software
applying the calculation formula given below.
Formula:
N = 4p (1-p) / d2
Where,
p=proportion of subjects with mild/no pain
Study period :

d=precision.

6 months

Statistical Analysis and Methods :The data was analysed using SPSS 18.0 software. The descriptive statistics (mean,
median, standard deviation etc) were calculated for the pain scores measured using
Universal Pain Assessment tool. The frequencies and percentages of subjects having
mild, moderate and severe pain were calculated and represented using bar plots. The
mean (SD) and median of pain scores among each mode of analgesia was presented
along with error plots. The statistical significance between the mean pain scores was
calculated using independence samples t test.
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RESULTS:
In our study, 100 patients consented to participate, out of which 3 patients were not
available for follow up.
The software used for data management was EPIDATA version 3.1.
1. ASA GRADE

Figure (26) ; Most patients (50%) had no comorbid illnesses and were ASA grade I
(ASA – American Society of Anaesthesiologists)
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2. GENDER

Figure (27) ; The population was evenly distributed between male and female.

3. TYPE OF ANAESTHESIA
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Figure (28); Most patients received general anaesthesia with epidural. Very few
patients received spinal anaesthesia.
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4. COMORBIDITIES:-

COMORBIDITIES
CVA
COPD
IHD
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8.6

DM2
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Figure (29); This graph represents the incidence of comorbid illnesses among the
study population. Of those patients classified under ASA grades II and III, the most
common diseases were type 2 diabetes mellitus and hypertension. Obesity and
hypothyroidism were also noted. Patients who are hypertensive and diabetics are at
risk of perioperative cardiovascular and cerebrovascular events due to sympathetic
stimulation and stress response. Hence adequate analgesia plays a crucial role in
reduction of stress response and other catastrophic complications.
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4. DISTRIBUTION OF PATIENTS AMONG DIFFERENT SURGERIES
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Figure (30); The most common operations performed were gastrectomy and open
incisional hernia repair, accounting for half the study population.
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Figure (31); pain scores on the first postoperative day
DAY 2 PAIN SCORES
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Figure (32); pain scores on the second post operative day
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INCIDENCE OF MILD PAIN AND MODERATE PAIN
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Figure(33) shows the incidence of mild and moderate pain
Most patients had only mild pain (score 0-2) on the first and second postoperative
days. However, comparison between the two days, showed that the incidence of
moderate pain decreased from first postoperative day to second day 2 by 21.7% (from
39.2% to 17.5%), which on statistical analysis was shown to be highly significant
( p value 0.000). This is further elucidated in the bar plot given below.

Figure(34); Barplot showing difference in pain scores on day 1 and day 2.
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DISTRIBUTION AMONG DIFFERENT MODES OF ANALGESIA:
WOUND
INFILTRATION, 5
DOSIFUSER, 5

OTHERS, 5

INFUSION, 8
SUBCUTANEOUS,
11

EPIDURAL, 63

Figure(35); modalities of analgesia

Epidural infusion was the most preferred route of post operative analgesia. The
commonly used opioids were morphine and tramadol. Morphine was administered either
as continuous infusion through intravenous route or intermittently through subcutaneous
route. 11 patients received intermittent opioids through subcutaneous route; continuous
morphine infusion was administered in 13patients either using infusion pumps as in 8
patients or using elastomeric pumps (Dosifuser) in 5 patients
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Figure(36); The most common side effects were drowsiness, seen in 37 patients,
followed by nausea and vomiting in 21 patients. All patients received ondansetron
fourth hourly intravenously for the first 48hrs . Pruritis was reported in 7 patients
who were treated with anithistaminics. Serious side effects ( hypotension and
respiratory depression) were seen in 21 patients.
In our study, respiratory depression was defined by respiratory rate < 8/min,
somnolence and SpO2 less than 90% in the absence of abnormal baseline SpO2 .This
complication was seen in 2 patients who received morphine, one in the form of
dosifuser and the other as an infusion. Both patients were elderly. Infusion
discontinued, they were monitored and supplemental oxygen given. Naloxone was not
required.
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COMPARISON BETWEEN DIFFERENT METHODS OF ANALGESIA

63
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Figure(37); Among the different methods of analgesia used, intravenous opioid
infusion delivered by elastometric pump (dosifuser) had the lowest median pain score,
followed by epidural infusion and intermittent subcutaneous injection. It was also
noted that patients who received morphine as an infusion at a set rate of delivery
according to body weight using standard syringe pumps, experienced higher median
pain score of 2.5. This higher score in comparison to dosifuser was likely the result
of interrupted infusion due to equipment problems and delay in resuming the infusion.
This is illustrated below with the help of a bar plot.
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Figure(38); barplot showing different mean pain scores .

On comparison of the efficacy of analgesia achieved by morphine administered as
continuous intravenous infusion versus epidural analgesia, better results were noted in
the latter group ( mean pain scores 2.5 and 1.5 respectively), which was statistically
significant at 10% level (p = 0.096).
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Of the other modes of analgesia administration, epidural administration was found to be
superior to each of the other modes individually, however this difference was not
statistically significant in most cases, likely due to the size of the studied populations.
However, on comparing the efficacy of epidural versus all other modes of analgesia
combined, the former group showed lower mean pain scores ( 1.5 and 2 respectively)
which was proved statistically significant at 10% level. (P value= 0.096) which is
illustrated in the barplot given below.

Figure(39); Bar plot showing the difference of mean pain scores between epidural and
others.
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DISCUSSION:Effective post operative pain relief is a very important aspect of post operative care
(46). Over the last two decades, inadequate postoperative analgesia has been identified
as a significant health problem. The JCAHO ( Joint Commission on Accreditation of
Healthcare - Organizations) has issued new standards and guidelines on postoperative
pain management, in which pain is emphasized as the fifth vital sign (47).
Post operative stress leads to multiple organ dysfunction and delays early recovery
and rehabilitation. Reduction in this stress response leads to improved outcomes, as
measured by patient comfort, time to initiate ambulation and duration of hospital stay
(48). Additionally, effective post-operative analgesia is essential on humanitarian
grounds.

The reported incidence of moderate to severe post operative pain varies widely in
literature. In a study conducted on 100 patients, Ahmed et al reported that the
incidence of moderate pain was 26% on the first post operative day (45). Another
study from the Netherlands, which included 1490 surgical inpatients, recorded the
incidence of moderate to severe pain on the first post operative day as 41% (21) . Of
these, when the subset of patients who underwent abdominal operations alone were
considered, this incidence was 30 – 55% (21). In contrast, a similar study conducted
in the United States recruiting 250 post operative patients, revealed the incidence of
moderate to severe pain to be 86% (20) . In our study, most patients (60.8%)
complained of only mild pain on the first post operative day. The incidence of
moderate post operative pain was 39.2%, and no patients reported severe post
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operative pain. Of the 38 patients in our study who reported moderate pain on the first
post operative day, 29 patients (76%) showed improvement in analgesia by the next
day. This was likely due to the administration of additional boluses, rescue analgesics
and titration of the analgesic drug. As a result, the incidence of moderate pain on the
second postoperative day was decreased by 21.7%. Most patients were ambulated
early (87 on the second postoperative day and 10 on the third), which is another
indicator of adequate post operative analgesia.

Inadequate pain relief was likely the result of analgesic gaps. In our study population,
the major factors leading to analgesic gaps were, discontinuation of medication during
the transport of patients, equipment problems such as malfunctioning infusion pumps
and delay in reloading empty syringes. In addition to analgesic gaps, other factors that
contributed to inadequate analgesia were lack of staff vigilance, disproportionate
patient to staff ratio , insufficient patient and staff education regarding the use of
analgesics, inadequate medication infusion rate and failure to achieve adequate
analgesia of existing preoperative pain.

Various drugs were used in the management of post operative pain, including
systemic opioids, local anaesthetics, non steroidal anti inflammatory drugs and
paracetamol. Opioids invariably play a major role in effective post operative pain
management, as indicated in analgesic ladders. In our study it was noted that opioids
administered as continuous morphine infusion through elastometric pumps
(Dosifuser) and subcutaneous route had similar efficacy compared to epidural
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analgesia ( similar median pain scores). However the significance of this finding is
disputable as the number of patients who received opioids were few in comparison to
patients on epidural analgesia. Nevertheless, the importance of opioid infusion lies in
patients where neuraxial technique is contraindicated, as in coagulopathic patients,
severe aortic stenosis, severe mitral stenosis.

The complications associated with opioid use include pruritits, drowsiness, nausea,
vomiting and respiratory adverse events. Though the last is the least commonly
reported event, it is the most catastrophic . Respiratory depression associated with
opioid use occurs in 0.1 – 0.9% of patients . This incidence varies depending on the
route of administration, the type of opioid, the definition and method of monitoring
respiratory depression and the nature of the study. It is more common in elderly
patients and those with comorbid conditions like obesity, obstructive sleep apnoea and
pre- existing pulmonary disease.
In addition to opioids, other drugs were used to provide relief of pain. The surgical
site was infiltrated with local anaesthetic (0.25% bupivacaine) at the end of the
operation in 5% of patients. All patients received paracetamol (Febrinil) sixth hourly
for the first 48 hours. Rescue analgesics used were non steroidal anti inflammatory
drugs (diclofenac) and tramadol. Diclofenac was administered to 37 % of patients
through intravenous route either single dose or twice daily. Tramadol was
administered intravenously twice to four times daily in 6 % of patients.
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Apart from the drugs used, the route through which analgesics are administered also
plays a significant role in determining efficacy. Thoracic epidural analgesia (TEA) has
been established as a cornerstone in the perioperative pain management of thoracic
and major abdominal surgery (49). Hence, it is a routine practice in our institution to
administer TEA for most upper abdominal operations -either in isolation, or in
combination with other modalities – though no formal protocols have been developed.
Consequently, among our study population, epidural analgesia was the most
commonly employed method, used in 88.7% of the population. The sensory level
attained in most patients was at the T6-T10 levels, resulting from insertion of the
catheter at T8 – T11 levels. This was likely to be a reason for the low incidence of
post operative pain noted in our study, emphasizing the importance of correct level of
insertion of the epidural catheter.
Among the different modalities used, opioid infusion through elastometric pumps
(Dosifuser) and subcutaneous route were found to be most effective, comparable to
that of epidural infusion as demonstrated by low median pain scores. However,
epidural analgesia was found to be superior to each of the other modes individually,
though statistical significance could not be demonstrated, likely due to the small
numbers in each of the other groups. Hence it was decided to combine all the other
modalities into a single group for comparison. On comparing the efficacy of epidural
versus all other modes of analgesia combined, the former group showed lower median
pain scores (1.5 and 2 respectively) which proved to be statistically significant at 10%
level (p=0.096).
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Though epidural infusion resulted in effective postoperative analgesia, various adverse
effects can be attributed to it. Drowsiness, nausea and vomiting were the most
common. However, the most significant was hypotension, noted in 19 patients,
resulting in discontinuation of the drug with consequent breakthrough pain.
Unilateral motor blockade was seen in 2 patients (2%) - a lower incidence than that
seen in other studies - likely due to increased depth of insertion of the catheter ( more
than 5 cm). Following withdrawal of the catheter to less than 5 cm depth ( as
recommended (50) ), adequate sensory level was re-established and infusion was
continued. Post Dural Puncture Headache (PDPH) due to inadvertent dural puncture
was noted in 2 patients, and managed conservatively, with hydration, bed rest and
analgesics.
CONCLUSION:Post operative analgesia in our patients was in keeping with world statistics. Epidural
analgesia was found to be highly effective for postoperative pain relief, as were
systemic opioids administered as continuous intravenous infusion through
elastometric pumps and through subcutaneous route. The low median pain scores
recorded in our patients, most of who received epidural analgesia, emphasizes the
importance of this modality in upper abdominal surgeries. However, the incidence of
moderate pain on the first postoperative day indicates that there is room for
improvement.
In addition to opioids and local anaesthetics, other analgesics were used in
conjunction during the post operative period. This may have contributed to improved
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pain scores on the second post operative day, emphasizing the importance of
multimodality treatment. This also highlights the need for developing definite
analgesic protocols, as the post operative pain management followed by different
surgical units was not uniform.
The goal of post operative pain management is to provide effective pain relief with
minimal side effects . In our study, the incidence of complications was within
acceptable limits as dictated by global standards and serious complications were few.
Limitations:Patient’s feedback regarding satisfaction with analgesia was not included in this
study. Unequal distribution of the sample population among the study groups and the
varied post operative analgesic management, made comparison between the different
modalities difficult.
RECOMMENDATIONS:1. Epidural analgesia is recommended for all the upper abdominal surgeries unless
contraindicated.
2. Minimizing analgesic gaps enhances the quality of post operative pain
management.
3. Patient and staff education regarding analgesic modalities and their side effects.
4. Collaboration between anaesthetists , surgeons and nurses regarding post operative
pain management.
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