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CHRONIC POSTSURGICAL PAIN: A REVIEW 

JOHN NICHOLAS MARTONE 

ABSTRACT 

 The problem of chronic post surgical pain is not a new one. For years now, it has 

gone underreported and remains a problem despite advances in surgical and anaesthetic 

techniques. Recent studies have shown that rates can vary from 18-65% of surgical 

patients. These patients experience decreased quality of life and strain the healthcare both 

from an economic and resource aspect. Individually, many of the patients do not attain 

their presurgical quality of life and experience financial hardship. The majority of 

postsurgical pain issues arise through the process of central sensitization where, due to 

neuroplasticity, the body becomes hypersensitized to normal stimuli and the inhibitory 

pathways no longer function normally. This process starts with increased peripheral 

sensitization due to the tissue damage associated with surgical incisions. When this 

occurs, the neurons of the spinothalamic pathway in the spinal cord are overwhelmed and 

undergo modification.  

 The current methods and organization of treatment are lacking and do not meet 

the demand of surgical patients. Typically, patients selected for surgery are admitted, 

undergo the surgical procedure, and then receive outside help if pain management 

schemes become necessary. More often than not, in the past, this pain management 

scheme has heavily relied on opioid analgesics. However, due to the opioid epidemic and 

the adverse drug events heavily associated with opioid use, alternatives are required. New 

and more proactive strategies are required to reduce the incidence of chronic postsurgical 
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pain. Several screenable risk factors have been identified that increase the risk of 

developing chronic postsurgical pain. Implementation of a pre-screening process that 

identifies at risk patients indicating them for more specific and complex pain 

management has shown good results. Additionally, better selected anesthetic techniques 

by the anesthesiologists in the pre and perioperative have been shown to help reduce the 

development of both peripheral and central sensitization. Techniques such as multimodal 

therapy can reduce opioid consumption and minimize adverse drug effects and increase 

the patient’s quality of life. Through utilizing different combinations of drugs, the entire 

pain pathway can become a target and more comprehensive analgesia can be achieved. 

Instead of the main analgesic target being the μ opioid receptors in the central pathway, 

drugs such as pregabalin, paracetamol, and ketamine can hit a variety of targets and better 

prevent central sensitization. By reviewing the literature on chronic postsurgical pain, I 

describe a complete understanding of the pain pathways. Furthermore, I look to 

understand the risk factors associated with the development and identify ways to 

specifically address the current issues in treatment. Finally, I look at current working 

models that have sought to address the many issues and highlight how they might be 

implemented at other hospitals and centers that perform surgeries.  
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INTRODUCTION 

 

 By various estimates, chronic postsurgical pain (CPSP) occurs in 18-65% of 

surgical patients depending on the procedure being performed.1,2 One study looking at 

chronic pain in mastectomy patients noted that up to 52.2% of patients had pain 9 years 

after the surgery.3 Over the long term, CPSP tends to lead to overwhelming reduction in 

quality of life insofar that it affects daily activities, prevent participation in sport, and 

even lead to joblessness. On a macroscopic scale, the cost of CPSP is exorbitant and with 

the number of surgeries increasing, the issue will continue to worsen. The response to 

both treating and attempting to understand chronic pain has not been good enough. Many 

patients with known risk factors are not identified early enough and many do not receive 

the necessary individualized care required to address their needs.  

 In the first part of this thesis, the pain pathways will be examined and the 

mechanisms by which we experience pain will be identified. Following this, I will seek to 

illuminate the incidence of chronic pain in various types of common procedures. Using 

this information and data from the literature, the current methods in preventing and 

treating CPSP will be pinpointed and their respective issues highlighted and examined. In 

the final part, this thesis will look to identify models through which outcomes can be 

improved and how they specifically address current issues highlighted in the literature.   
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ANATOMY AND PHYSIOLOGY OF PAIN 

The transmission and perception of pain can be broken down into four main 

components: transduction, transmission, modulation, and perception.4 Transduction is a 

process that involves activation of the peripheral nerve endings called nociceptors. When 

these nociceptors are activated, the signal is then transmitted to the central nervous 

system by a variety of pathways, but the most important is the spinothalamic tract. The 

transmission process is carried out by myelinated afferent fibers or, in other words, 

neurons that carry information away from the periphery and towards the central nervous 

system. The degree of myelination of the fiber directly relates to conduction speed of the 

signal. Highly myelinated fibers carry messages at a significantly faster rate than 

unmyelinated ones. When the signal reaches the thalamus, the pain signal is then 

modulated. From the thalamus, the pain signal reaches the cortex where we then register 

the pain signal as the sensation of pain. The pain perception process is complicated and 

takes into account a variety of things such as memory, emotions, and other sensory 

messages. In our everyday lives, this is how we experience acute pain from bumping our 

knees or getting a paper cut. Chronic pain occurs when the homeostatic mechanisms that 

control this process go wrong. Understanding these acute pain processes is essential to 

our understanding of how chronic pain originates. 

 

     Nociceptors 

 Nociception begins at the peripheral ends of the first-order neurons and are 

unmyelinated. These sensory receptors are divided into categories based on the noxious 
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stimulus to which they respond. These stimuli are broken down into three categories: 

mechanical, thermal, and chemical.5 Mechanical receptors function as stress detectors 

and when they undergo conformational change due these stresses, they alter ion 

permeability and trigger and action potential.5 Chemical receptors respond to when 

inflammatory mediators and other chemicals such as bradykinin, serotonin, cytokines, 

acids, potassium, acetylcholine, and even proteolytic enzymes.5,6 When these bind the 

nociceptors, they influence ion permeability which may cause the action potential to 

trigger. Additionally, chemicals like prostaglandins and substance P may bind indirectly 

and influence ion permeability.5 Many classes of thermal nociceptors exist and each have 

certain properties that allows them to respond to specific levels of heat. These receptors 

are specific to the types of primary afferent fibers and do not exist equally across them.7 

The typical threshold for noxious heat to be detected is approximately 40℃-45℃, but 

some of the unique types of thermal nociceptors may not be activated until >53℃.7 

Transduction of nociceptive cold stimuli is less well defined than with heat stimuli and 

varies wildly based on homeostatic mechanisms, but generally speaking are activated at 

approximately 15℃. 7  

 

Primary Afferent Fibers 

 Nociceptors sit at the end of the pseudounipolar sensory fibers which have their 

cell bodies located in the dorsal root, trigeminal, and nodose ganglia.5  There are two 

classes of primary afferent fibers that sit within the pain network: A and C type fibers. 

The A class fibers are further divided into Aβ and Aδ fibers. The Αβ fibers are highly 
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myelinated and the largest of the fibers at 5-12  μm in diameter and have encapsulated 

nerve endings.5 Due to their high levels of myelination, they have relatively fast 

conduction velocities of approximately 30-70m/s. The Αβ fibers are, however, not 

responsible for transducing noxious stimuli and instead respond to light touch via their 

low receptor activation threshold.6,8,9 The Αδ fibers are lightly myelinated and 

considerably smaller ranging from 1-5 μm in diameter. These fibers are responsible for 

transducing mechanical and thermal stimuli and activation typically results in a rapid 

feeling of sharp pain.6,8,9  Importantly, these fibers are activated in the initial reflex 

response to pain. Lastly, the smallest of the fibers are called C fibers. These are 

completely unmyelinated and have a very low conduction velocity of lower than 2m/s.6 

Furthermore, they have a high receptor activation threshold and respond to mechanical, 

thermal, and chemical stimuli. These fibers differ from the Aδ in that when activated, 

they result in the dull and diffuse pain felt after the initial incident or the pain felt in the 

viscera during a stomach ache. 6,8,9 Anatomically these fibers extend from the periphery 

to the spinal cord where they enter at the tract of Lissauer and synapse with second-order 

neurons in the rexed lamina. The majority of these neurons have their cell bodies located 

in the dorsal root ganglia and after entering branch to innervate spinal segments both 

rostrally and caudally; each one of these ganglia contain several thousand cell bodies that 

encode and transmit pain information.5,7 Fibers in the Lissauer tract contain both C fibers 

and Aδ fibers. The former typically ascend one segment before terminating in the 

substantia gelatinosa of  Rexed lamina II and the latter ascend three to four segments 

before terminating in the Rexed lamina I, II, or V.5,10 
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Second-Order Connecting Neurons & Spinal Tracts 

  After the primary afferent neurons travel vertically, they synapse with second-

order neurons which decussate immediately in the ventral white commissure. There are 

three types of second-order neurons which receive input from the primary afferent 

neurons: nociceptive specific, wide dynamic range, and low threshold.11 Nociceptive 

specific neurons respond to noxious stimuli and express neuropeptides such as substance 

P, calcitonin gene-related peptide, enkephalin, and serotonin.5,11 Wide dynamic range 

neurons respond to both noxious and non-noxious stimuli. Their large receptive field 

keeps these two responses distinct.5 Low threshold neurons respond specifically to 

innocuous stimuli only.11  

 The primary tract by which second-order neurons ascend the spinal cord is the 

spinothalamic tract. This can be broken down into three portions: the neospinothalamic 

tract, the paleospinothalamic tract, and the archispinothalamic tract.10 The 

neospinothalamic tract begins with nociceptive neurons in Rexed lamina I. The second 

order-neurons follow the path in the ventral white commissure and ascend in the lateral 

portion of the tract where they synapse with third-order neurons located in the ventral 

posterolateral nucleus and the ventral posterior nucleus.10 Organization of this tract is 

primarily contralateral, but some ipsilateral projections exist.5 Somatotopic organization 

is such that lower limbs are connected dorsolaterally and upper limbs are connected 

ventromedially.5 Nociceptive stimuli from the face and intraoral structures are 

transmitted via first-order neurons that enter in the trigeminal ganglia.10 Information from 

this area is then transmitted first through the pons before synapsing in the ventral 
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posteromedial nucleus, parafascicular nucleus, and the centromedian nucleus.10 After 

synapsing in the thalamus, the information is carried to the somatosensory cortex via the 

third-order neurons. 

 The paleospinothalamic and archispinothalamic tracts mediate both emotional and 

visceral responses to pain. For the former, the first order neurons are found in Rexed 

lamina II and travel anteriorly before they project bilaterally onto the mesencephalic 

reticular formation, periaqueductal gray, tectum, parafascicular nucleus, and 

centromedian nucleus.10 These projects continue towards the somatosensory cortex, 

brainstem nuclei, and limbic areas.10 The archispinothalmic tract also originates in the 

Rexed Lamina II and project to Rexed lamina IV and VIII.10 After projecting to the 

midbrain reticular formations and the periaqueductal gray, projects continue to the 

hypothalamus and limbic system nuclei.10  

 Other tracts such as the spinoreticular tracts function in accessory to the 

spinothalamic tracts. The spinoreticular tract ascends in the ventrolateral spinal cord and 

terminates in the ventral medial portion of the medulla reticular formation, medulla 

oblongata centralis, pars ventralis, and nucleus gigantocellularis. Primarily this tract is 

thought to be involved with the emotional aspect of nociception, but may also provide 

input to the antinociceptive and homeostatic responses.5 The spinomesencephalic tract 

has also been identified and projects to the midbrain periaqueductal gray matter and 

superior colliculi.12 This tract originates in laminae I and V and its function has been 

primarily associated with pain modulation.13  

 



 

7 

 

 

Figure 1: Spinothalamic Tract 

Figure 1 illustrates the pathway of pain nociception. After primary afferent neurons reach the spinal cord 

and decussate, they ascend on the contralateral side synapsing in the thalamus. From here they travel to 

the cortical areas of the brain allowing for the conscious sensation of pain.5 
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Thalamus & Cortical Areas 

  The thalamus’ primary function in pain transmission is to integrate signals and 

project them to cortical areas. The thalamus itself is divided into medial, lateral, and 

anterior groups by the intralaminar nuclei.13 On the lateral aspect of the thalamus sits the 

reticular nucleus. In regards to the pain transmission pathways, the ventroposterior nuclei 

and the central nuclei are the most significant.5,13,14 The ventroposterior nuclei are 

somatotopically organized where in information from the face travels to the 

ventroposterior medial nucleus and information from the limbs travels to the 

ventroposterior lateral nucleus.5 The receptive fields for these nuclei vary, but many of 

the ventroposterior nuclei receive input both from specific and wide dynamic range 

neurons indicating that there is some measuring of stimulus intensity done here.5 

Information sent to the ventroposterior nuclei then goes onto to synapse with the primary 

somatosensory cortex.13 The central nuclei, which includes central medial nuclei, 

parafasicularis, the medial dorsal nucleus, and the centralis laterals, receive inputs from 

the spinothalamic tract and push outputs towards the cerebral cortex and striatum.5,13  

Specific thalamocortical pairings have been established and understanding them might 

uncover future targets for pain therapies. In addition to the ventroposterior-primary 

somatosensory cortex, it has been shown that there are links between the lateral portion 

of the medial dorsal nucleus and the anterior cingulate cortex, the posterior triangular 

nucleus and the posterior insular cortex, and the submedius nucleus and the ventrolateral 

orbital cortex.14  
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Descending Pathways & Pain Inhibition 

 Pain stimuli received in the brain by afferent pathways are mediated by the 

descending efferent pathways at multiple levels. The primary pathway involved in pain 

modulation involves long-range modulatory inputs that act at the level of the dorsal horn 

in the spinal cord.13 Inputs from the hypothalamus, amygdala, and cortex signal the 

periaqueductal gray which projects neurons that synapse in the rostral ventral medulla.13 

From here, the rostral ventral medulla sends serotonergic neuronal projections in the 

raphe nuclei that inhibit in the dorsal horn.13 It also sends inputs to the locus coeruleus 

and the subcoeruleus that release substance P which when activated triggers neurons that 

also act on the dorsal horn. 5,13 The primary way that this pathway modulates pain is via a 

blockade of the lamina V interneurons.5 In addition to the projections to the rostral 

ventral medulla, the periaqueductal gray has been shown to have direct connections to the 

spinal cord and indirect projections to the parabrachial nuclei.5  

 There also exists dopaminergic control of pain signals through the dorsal horn. In 

the periventricular region of the hypothalamus, there are dopaminergic descending 

neurons that dictate, with β-endorphins, an antinociceptive effect or pronociceptive effect 

in lamina I via the periaqueductal gray.5,13,15 Dynorphin and enkephalin containing 

neurons are found in laminae I and V, the periaqueductal gray, and the midbrain reticular 

formation.5,13,15 Additionally, the periventricular region projects to the spinal trigeminal 

nucleus caudalis which may play a role in modulating orofacial pain.15  
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Gate Control Theory of Pain 

 In 1965, Melzack and Wall proposed the gate control theory of pain that sought to 

explain how pain is modulated and refute the then two dominant theories that focused on 

specificity and patterns. The system they proposed had three parts. One, the substantia 

gelatinosa functions as the main gate keeping structure whereby it modulates afferent 

nerve impulses before they influence pain transmission cells (T cells).16 Two, the afferent 

firings themselves act as triggers that activate the modulating mechanism.16 Three, the T 

cells activate neural mechanisms responsible for how we perceive pain.16 Long fibers of 

Lissauer’s tract and short fibers connect the cells of the spinal cord to those of the 

substantia gelatinosa.16 Activity in the long fibers increase inhibitory effects of the 

substantia gelatinosa and activity in the short fibers decrease it: this is described as the 

central control system.16 Depending on the activity of the substantia gelatinosa’s 

inhibitory effects, the initial pain transmission from the long and short fibers will then act 

on the T cells where they signal the action system and the stimulus will be interpreted.16 

The importance of this theory, is that it provides a physiological basis for understanding 

the subjective experience of pain. It also explains why we instinctively rub our knee after 

we bang it on the coffee table; the increased firing of the long fibers inhibits transmission. 

The implications of this theory in regards to our understanding of chronic pain are 

important to highlight. Breakdowns in this system whereby our body becomes unable to 

reduce or modulate pain signals may explain hyperalgesia or instances where pain is 

experienced by patients after surgical damage has healed.  
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Electrophysiology and Electrical Variances during Nerve Conduction  

The primary nociceptor neurons function like most other nerves in the body. 

Noxious stimuli bind the nociceptors and this signal is then transduced into an electrical 

impulse. This depolarization occurs in a standard fashion. A negative membrane potential 

of about -70mV is maintained via the electrical gradient that exists from the active 

transport of potassium and sodium ions in and out of the cell respectively.6 When a 

stimulus of ample threshold is detected, the sodium ion channels open and the subsequent 

influx causes the membrane potential to swing positively to approximately 40mV.6 This 

action potential then propagates down the nerve and the signal can be relayed. More 

specifically however, a primary way that nociceptors are activated is through 

inflammatory mediators which are released when tissue damage occurs. Mediators such 

as prostaglandins, cytokines, and bradykinin activate nociceptors directly and can lead to 

primary sensitization, the result of which is a reduced threshold needed for a pain 

stimulus to trigger an action potential.6  In other words, the affected area becomes more 

sensitive to pain.  

The method by which every neuron function is through a mechanism called an 

action potential. On a cellular level, this mechanism functions through depolarization of 

the cell’s electrical potential. A sudden influx of sodium brings the cell from a negatively 

polarized state towards a neutral state. After this sudden depolarization, the cell enters the 

recovery period. 

In studying pain mechanisms, this recovery period is helpful in understanding 

hypersensitivity following a painful stimulus and other physiological experiences. If we 
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are to take the largest group of fibers previously discussed, it displays a recovery phase of 

approximately 100ms.9 During this return to equilibrium the nerve will exhibit several 

potential fluctuations which Livingston termed “after potentials”.9 While these after 

potentials are not entirely consistent and are dependent on physical and chemical 

environmental factors, they generally follow the trend of a negative then positive.9 The 

period in which the nerve experiences a positive after potential indicates that the nerve is 

hypersensitive to subsequent stimuli following the initial action potential. In other words, 

the threshold needed to activate the primary afferent nociceptors decreases such that 

seemingly minor stimuli might be incredibly painful.  
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Figure 2: Tissue Injury Evoked Nociception Cascade 

Figure 2 demonstrates the cascade involved in hyperalgesia. When local factors are activated and released 

in the periphery, this leads to persistent activation of the Aδ fibers causing neuroplastic changes 

centrally.17  
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Transition from Acute to Chronic Pain & Sensitization 

 The transition from acute to chronic pain is a relatively misunderstood process, 

but it is generally accepted that chronic pain occurs through mechanisms of central 

sensitization.18 In specific regards to surgery, this typically happens due to excessive 

neural stimuli being applied in the periphery which produce neuroplastic changes in the 

central nervous system. Receptive fields in the dorsal horn are not fixed and have the 

potential to undergo neuro-remodelling after temporal and spatial summation in the 

peripheral receptive fields.19,20 The nociceptive inputs from the peripheral nervous system 

via C-fibers trigger the release of glutamate in the spinal circuits which act on the N-

methyl-D-aspartate receptors (NMDARs). NMDARs, which are highly permeable to 

calcium, cause specific cascades that can cause excitotoxicity and neuronal death due to 

increased feedforward activation postsynaptically.21,22 When this process occurs centrally 

in the descending pathways that modulate and inhibit pain stimuli occurs, it leads to an 

inability to suppress afferent pain signals.23  

 Peripheral sensitization plays a key role in the development of central 

sensitization. Because the primary afferent neurons respond to inflammation at the level 

of the nociceptor in a way that lowers the threshold required for activation, when there is 

tissue damage, as in the case with many surgeries, we see peripheral sensitization. The 

immune cells initially responding to the tissue damage acts as mediators in this process.24 

Cytokines, nerve growth factor (NGF), proteases, histamine, and bradykinin are all 

released by immune cells during the inflammation process that act on nociceptors. NGF 

in particular plays a key role through the phosphorylation of TRPV1, a thermal receptor, 
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which allows for insertion into the membrane.24 TNF-α, IL-1β and IL-6 get released 

during local infiltration by macrophages and monocytes in a way similar to glial cells in 

the central nervous system.25 These act on the neurons and upregulate TRPA1, TRPV1, 

and Nav1.7-1.9, which all work to increase hypersensitivity to heat and mechanical 

stimuli.24  Under normal circumstances, peripheral sensitization is a natural process that 

is required for humans to experience pain, however, when tissue damage is severe or 

overstimulation occurs, peripheral sensitization will contribute to central sensitization.   

Sensitization is the main understood pathophysiology of the transition from acute 

to chronic pain and therefore acts as the prime target for intervention in order to prevent 

it. However, the pain pathways are still largely misunderstood. Additional studies 

exploring new mechanisms might help better understand the associated risk factors and 

unearth new areas to target.  

 

CURRENT METHODS OF PAIN TREATMENT 

 More than 80% of surgical patients experience postsurgical acute pain.26 

Inadequate treatment of postoperative, which as the evidence suggests occurs in more 

than half the patients, can lead to pain chronicity. There are several reasons that 

inadequate postsurgical analgesia is provided, such as poor assessment or lack of 

planning.27 The aim of this section is to outline and examine the current methods and 

highlight specifically how they can be used to greater effect.  
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Non-Steroidal Anti-inflammatory Drugs (NSAIDs) 

In the wake of the opioid epidemic, it is deemed desirable to reduce opioid analgesics 

when possible. Commonly used NSAIDs are cyclo-oxygenase (COX) inhibitors which 

act by either inhibiting the COX-I enzyme, the constitutively active form, or the COX-II 

enzyme, the inducible form. The former is found in many tissues and has a variety of 

functions such as platelet function. The latter is found specifically at inflammatory sites. 6 

By blocking these enzymes, prostaglandin production is inhibited and therefore reduced 

inflammation occurs. Bleeding is a common side effect of these drugs due to platelet 

inhibition. Centrally acting forms such as paracetamol or acetaminophen may be used to 

avoid this complication as both of these drugs do not inhibit peripheral COX, but instead 

restrict their activity to the nervous system and as a result do not act as peripheral anti-

inflammatories. Hepatotoxicity is a common complication with these drugs and thus use 

must be monitored. In some orthopedic surgeries, there is concern about NSAIDs 

affecting tendon recovery and angiogenesis.28,29 The mechanism of action for this issue is 

unclear, but certain rat models suggest that this might be due to the activity of COX-2.30 

However, in a systematic review, there was no evidence found that NSAIDs significantly 

impaired tendon-to-bone healing, thus it would appear that NSAIDs continue to remain a 

good analgesic option even for surgeries with significant musculoskeletal damage.29 

 The evidence behind the use of NSAIDs for managing postoperative pain is 

robust and continually demonstrates effective pain score reduction and opioid use 

reduction across a wide variety of surgeries.31–34 A benefit of the use of NSAIDs is that 

the research supports the use of them at all stages of the surgical timeline. In a double-
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blind study, NSAIDs given preoperatively to children undergoing oral surgery, it was 

found that they significantly reduced postoperative pain and anxiety.35 Additionally, in 

the postoperative setting, it seems to work synergistically with drugs like bupivacaine as 

a non-opioid therapy.36  

Opioids 

 Opioids are the gold standard pain relief and extremely effective at relieving pain. 

There are three main receptors involved through which opioids can be categorized: μ, κ, 

and δ. However, the mu-receptor is the one primarily responsible for analgesia in the 

central nervous system.37 The periaqueductal grey, locus coeruleus, and rostral ventral 

medulla all show high concentrations of opioid receptors.37 In the periaqueductal grey, a 

mu-agonist will stimulate the descending inhibitory pathways which reduces the amount 

of nociceptive signaling to the thalamus.37 Intracellularly, the opioid receptors have been 

identified as G-protein-coupled-receptors. When an agonist binds, the G-protein swaps 

the previously bound guanosine diphosphate (GDP) for a guanosine triphosphate (GTP). 

After this occurs, the α-GTP and βγcomplexes will interact with downstream proteins that 

cause changes within the neuron. Primarily, we see a reduction of intracellular cyclic 

adenosine monophosphate (cAMP), decreased opening of calcium channels, increased 

potassium currents, and increased activation of protein kinase C (PKC).37,38 Naturally 

occurring opioid receptor agonists exist, such as enkephalins, endorphins, and 

endomorphins.38 
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Figure 3: GPCR signaling Pathway for Pain 

When the α subunit-GTP complex becomes activated after agonist binding, the activation of cAMP acts on 

the TRP receptors which interact with the calcium channels. When cAMP is inhibited by the αι & αο the 

channels do not open, inhibiting membrane depolarization and propagation of the action potential 39  

 

 Pharmacologically, there are various classes of opioids based on their chemical 

structure. These are opium alkaloids, semisynthetic derivatives, synthetic opioids,  

diphenylpropylamine derivatives, and then opioid antagonists.38 One of the most 

commonly used opioid analgesics is morphine, an opium alkaloid commonly 

administered intravenously, but has the severe drawback of low bioavailability which 

results in slow onset. In the acute setting, alfentanil, fentanyl, and remifentanil, all 

synthetic opioids, are much more common due to their high lipid solubility allowing for 

fast onset.37 Care is usually taken with prolonged administration in order to prevent 
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storage in fat. For chronic pain uses, codeine (opium alkaloid), oxycodone, and 

buprenorphine, both semisynthetic derivatives, are frequently prescribed for oral 

consumption. Codeine must first be metabolized and 5%-10% of the population may lack 

the enzyme for this process to occur and thus may not be appropriate.37 For patients that 

suffer severely from the side effects, such as respiratory function or reduced 

consciousness, it may be appropriate to administer an antagonist. These include Naloxone 

and Naltrexone, which both act as antagonists to all three receptor subtypes.37 

The Opioid Crisis & Why Opioid Reduction Matters for CPSP 

 It would be impossible to discuss pain management without addressing the 

opioid crisis and the harm that it has caused worldwide. Between 2001 and 2013 the use 

of prescription opioids doubled; in 2009 90% of this use was found to be in the United 

States, Western Europe, and Australasia.40 Currently, approximately 99% of surgical 

patients receive opioids as part of their surgical care and pain management routines.41 In 

the perioperative period, 84-100% of patients receive opioids as part of their general 

anaesthesia program to address both anaesthetic and hemodynamic issues.41,42 As part of 

their postoperative pain management regimen, 77-91% of patients receive prescription 

opioids for both major and minor surgeries.41,43,44 In these high-income countries that 

prescribe the majority of the world’s opioid supply, opioid use disorders often are 

produced iatrogenically and results in illicit use.45 Over prescription and over reliance on 

opioid analgesics to treat non-cancer chronic pain has resulted in a sharp spike in opioid 

use disorders exacerbating the number of overdose deaths and heroin use.46 Additionally, 
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the excessive prescription of opioids often results in opioid diversion which is the transfer 

of opioid analgesics prescribed to a patient to another party such as friends and family.47 

This is partially do to the inaccurate prescribing of opioid analgesics where in by too 

large of a prescription leads to excess after the surgical patient is pain-free. Surgical 

patients that had opioids prescribed, but had leftover opioid tablets ranged from 67%-

92%.47 A study examining variation in opioid prescribing looked at 642 patients from 5 

different outpatient surgeries: partial mastectomy, partial mastectomy with sentinel 

lymph node biopsy, laparoscopic cholecystectomy, laparoscopic inguinal hernia repair, 

and open inguinal hernia repair. They concluded that only 28% of prescribed pills were 

taken averaged across the 5 surgeries across which there was a variety of rates.43 By 

reducing the number of pills prescribed, it can reduce opioid consumption overall and 

opioid diversion.41  

Beyond the opioid crisis, there are several good reasons to address the over 

prescription of opioids in both the perioperative and postoperative stages and explore 

alternative drug choices. In the short term, opioids are heavily linked with adverse drug 

events (ADEs) and carry significant risk which include: nausea, vomiting, constipation, 

urinary retention, postoperative ileus, pruritus, dizziness, decreased cognitive function, 

and diminished psychomotor coordination.48 Furthermore, the respiratory depression 

produced by inhibition of the respiratory centers in the brain stem carries significant risk 

of unexpected death or requiring mechanical ventilation.48,49 These risks increase in the 

perioperative and postoperative periods due to the intensity of surgical procedures.48 One 

study examining 6,285 patients found that of 6,274 that received postsurgical opioids, 
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11.5% of them experienced an opioid-related ADE.49,50 In a review study that examined a 

larger cohort of 36,529 patients, 4955 (13.6%) experienced an opioid-related ADE.48 

There are several risk factors associated with opioid-related ADEs and therefore, patients 

receiving opioids as part over the course of the surgical setting should be identified for 

risk factors. Factors associated with increased risk were: age, male sex, obesity, and prior 

opioid use.48  

 Beyond severe adverse effects, opioids carry the risk of inducing 

hyperalgesia (OIH), which sits in opposition to the goal of perioperative pain regimens 

looking to prevent central sensitization and allodynia. Clinically, there is debate around 

the possibility of OIH, but the phenomenon has been documented numerous times over 

the past 150 years.51,52 Several proposed mechanisms exist based on animal models, but 

many suggest that neuroplasticity plays a key function in the adaptive response. It is 

believed that the presence of opioids which act on the μ-receptor, in both the periphery 

and the central nervous system, causes functional changes in the peripheral neurons that 

lead to “local physical dependence.”51 These signals of physical dependence lead to 

symptoms of tolerance and of hyperalgesia. Another possible target is through the B2-

adrenergic receptors. Studies have shown that repeated morphine injections enhance 

nociceptive sensitization.51 Centrally, several targets have been identified. Cytokines such 

as IL-1β and fractalkine, genes for PKC-γ, and the NMDA-receptor all seem to be 

involved with spinal sensitization, but the mechanism behind these remain unclear and 

require further clinical testing to be confirmed.51 Due to the nature of the proposed spinal 

sensitization mechanisms, it could be that ketamine could help prevent OIH even when 
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given in subanesthetic doses as part of a multimodal regimen.53 For this same reason, 

methadone, due to its NMDA receptor antagonist properties, might be beneficial in an 

opioid switching program to discourage opioid tolerance development.51 This could be 

particularly effective in patients who have a history of opioid-use or have developed a 

tolerance.  

Opioids remain an integral part of many pain management regimens and for many 

patients improve pain scores significantly. However, it is vital that physicians treating 

surgical pain understand the consequences of opioid use and the risk factors associated 

with the various negative outcomes. Each patient should be examined individually to 

determine appropriate prescription of opioids.  

Local Anaesthetics 

 When surgical incisions are made, the resulting inflammation stimulates 

nociceptive neurons and causes them to depolarize. This process occurs and during this, 

voltage gated sodium ion channels open to allow a flood of Na+ ions into the cell. On a 

cellular level the sodium channels consist of 4 subunits (I, II, III, and IV). During the 

depolarization phase, subunit IV rotates, therefore opening the channel and allowing a 

rapid influx of Na+ ions. Physiologically, this change occurs when the membrane 

potential reaches approximately -55mV and it is this influx that allows for the rapid 

generation of the action potential.  

 Local anaesthetics by nature are lipophilic and function by crossing the 

phospholipid membrane of the neuron.54 Once they cross the membrane, the molecules 
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dissociate and the ionized moieties bind the voltage gated channels in a reversible and 

concentration dependent manner.54 This binding scales in a phasic manner, or, in other 

words, the binding increases with the rate of depolarization of the nerve. This binding 

increases the refractory period and when an optimal concentration is reached, the local 

anaesthetic will inhibit all nerve conduction. Pharmacokinetically, their absorption and 

distribution are typically concentration dependent. Peak plasma concentrations are 

reached more quickly in areas such as the intrapleural and intercostal spaces than 

subcutaneous, sciatic, and femoral areas.54 

Local anaesthetics are effective short term options for analgesia and the most 

commonly used are lidocaine and bupivacaine. Local anaesthetics bind sodium channels 

in all types of neurons, including motor neurons meaning that high levels can lead to 

motor weakness and in severe cases where plasma levels rise too high cardiovascular and 

CNS toxicity may occur.6 The short duration of effect limits local anaesthetics use in long 

term pain management plans. However, use in a multimodal approach to help prevent 

primary sensitization and overall sensitization of the nervous system can facilitate and 

help prevent chronic pain issues.18  

Ketamine 

 Ketamine functions differently compared to other analgesics in the sense that it 

induces a cataleptic state. It functions as a non-competitive NMDA antagonist when 

given in low doses which acts centrally within the brain and spinal cord.55,56 Ketamine 

has also been shown to reduce opioid tolerance and therefore might have opioid sparing 
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effects.56 Additionally, ketamine has synergistic effects with a number of other drugs 

making it a candidate for multimodal therapy. Ketamine has been shown to potentiate 

GABA inhibition via interactions with the GABA-A complex, but it is unclear if this is 

clinically relevant or not due to evidence of this only occurring at extremely high doses.57 

Sodium channel inhibition has also been demonstrated and is hypothesized to function 

similarly to a local anaesthetic by inhibiting depolarization.57 When used as part of a 

preemptive analgesic routine, ketamine has been shown to assist with opioid reduction 

and improve pain scores.55 In one study, it was found that ketamine could reduce 

morphine consumption by 35% and improve rehabilitation without increasing the 

incidence of adverse effects in total knee arthroplasty. 58 A review looking examining 

ketamine use in preventing chronic pain after thoracotomies found that when given 

perioperatively ketamine was ineffectual.59 However, due to the heterogeneity in methods 

of ketamine administration and dosage in the studies, it may require further evaluation.59 

When given in low doses, ketamine typically does not show severe adverse effects, but it 

is linked to severe dysphoria, sympathetic overdrive, and hypersalivation.60 Use in 

patients with heart or neurological diseases might not be appropriate and limits its use as 

a widespread anaesthetic.  

GABA Analogues  

Gabapentin and Pregabalin are two anticonvulsant medications that were introduced in 

1993 and 2004 respectively. The latter was designed to treat both epilepsy and 

neuropathic pain and is likely the better choice for preemptive or perioperative 

administration due to its increased lipid solubility and therefore bioavailability. The 
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primary mechanism of action for these drugs are on the alpha-2-delta subunit in the 

voltage gated calcium channels of presynaptic neurons in the dorsal horn which 

experience upregulation in pain transmission.60 These drugs have little effect on 

modulation of standard nociception, but operate as analgesics through their ability to 

prevent allodynia and central sensitization.61 A review that looked at the effect of 

perioperative administration of Gabapentin and Pregabalin across a variety of surgeries 

and found that administration of either significant reduction of acute and chronic pain 

with little incidence of adverse effects.61 Additionally, they were shown to have opioid 

sparing effects.61 A study looking at minimally invasive gynecological surgeries 

suggested that GABA analogues may not work as well in minor surgeries due to not 

inducing enough nociception for their anti-central sensitization effects to make a 

difference, thus administration might not be appropriate for all surgeries.60 

Additional Therapies 

 In addition to the most common options, other options like antidepressants can be 

effective pain management tools as well. Antidepressants help facilitate the descending 

inhibitory serotonergic and noradrenergic pathways by increasing the concentration of 

serotonin and noradrenaline in the CNS.6  

 Alternative nonpharmacologic methods are being explored. One such approach is 

the scrambler method designed for addressing chronic neuropathic and cancer pain. The 

device designed for the method uses artificial neurons that produce electrical stimulation 

to reprogram the signals transmitted by C-fibers.62 In other words, the neuroplasticity of 

the pain circuit that can cause neuropathic pain is utilized in reverse. It seeks to cause the 
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body to encode pain as “non-pain.” From the point of view of CPSP, this could be 

applied in the case that pain from surgery is not entirely nociceptive and the body is in a 

hyperalgesic or allodynic state. Randomized clinical trials are still necessary and 

thorough testing is required, but this technique represents another way of looking to treat 

chronic pain. 

Preemptive Analgesia 

 Prior to the painful stimulus occurring, preemptive administration of 

pharmacological agents may help block nociceptor activation. The main goal of this 

technique is to prevent central sensitization from occurring and thus keeping the pain 

threshold at homeostatic levels. Studies suggest that pre-emptive analgesia can lower 

analgesic consumption postoperatively and if done epidurally can lower pain scores. 27  

 Multiple combinations and individual drug doses have proved effective in 

reducing pain after surgery.22 The three main classes used in preemptive analgesia are 

local anaesthetics, opioids, and NSAIDs. Individually local anaesthetics, opioids, and 

NSAIDs have all been shown to reduce postoperative pain when administered 

individually.22 Additionally, when used combinatorially, these drugs have shown positive 

effects in reducing postoperative pain, but there remains a lack of research to determine 

whether or not this offers significant advantages over individual administration.22 

Because not all medications are appropriate or even tolerable for every patient, it is 

necessary that robust clinical trials be performed in order to test the efficacy of 

multimodal preemptive analgesia. Alternatively, GABA-analogues and steroids used in 
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combination with other drugs have also shown efficacy in reducing postsurgical pain and 

should be studied further as preemptive treatments.22,63  

Multimodal Approach to Pain Management 

The idea of multimodal analgesia is to utilize the different mechanisms analgesics 

target to get a result greater than the sum of its parts. In many cases, this seems to be the 

most effective way to manage both acute and chronic pain.34,64,65 The multimodal 

approach seeks to minimize stimulation of neurons along the nociceptive pathways on a 

systematic level. 

Multimodal therapy has become more standard and has become a part of the 

Enhanced Recovery After Surgery Protocol (ERAS) that seeks to improve patients 

outcomes in a broad way post surgery.66 However, multimodal methods vary wildly 

across surgeries and hospitals alike. Even when controlling for factors like age, 

comorbidities, patient demographics, there is little consistency to the way physicians and 

surgeons design pain management strategies.67 This indicates that strategies are not 

necessarily dictated by patient needs, but rather through individual judgement leaving 

both room for error and improvement. In fact, even in multimodal programs, a study 

found that non-opioid analgesics were underutilized further indicating that there is an 

opportunity to further reduce opioid usage and to mitigate negative side effects. When 

choosing a multimodal therapy plan, it is essential to tailor the plan to the individual. For 

example, patients with certain comorbidities might not be appropriate candidates for 

COX-2 inhibitors or gabapentinoids.67 Randomized clinical trials have confirmed that 

local anaesthetics administered using techniques such as transverse abdominis plane 
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block or wound infiltration are safe and minimize risk of potential negative side effects 

indicating that this might be a sufficient and appropriate alternative for patients that fall 

under this category.68    

INCIDENCE OF CHRONIC PAIN 

The rate at which patients develop chronic pain varies dramatically between types of 

surgery. Some surgeries show very rare developments of CPSP, while others, such as 

orthopaedic surgeries and thoracotomies, show high incidence rates. A major factor in 

varying rates of chronic pain lies in the definition. The International Association for the 

Study of Pain (IASP) recommends that chronic pain be defined as three months, although 

six months is preferred for academic use.69 However, this is not universally accepted and 

many studies adjust this duration of time. Additionally, researchers that have focused on 

chronic pain have looked into chronic pain very specifically. In other words, studies often 

have small sample sizes or are focused on individual surgeries, which prevents capturing 

the whole picture of CPSP. In this section, data from past studies will be presented and 

analyzed in order to identify risk factors and highlight the rates at which chronic pain 

occurs across various surgical procedures. 

Inguinal Hernia Repair 

 Inguinal Hernia Repair (IHR) has rates of CPSP ranging from 14.4%-51.6%.2,70–73 

Axman et al. examined 18,370 IHRs based on a national registry questionnaire and found 

that the incidence of CPSP ranged from 14.8-15.7% based on the type of mesh used. The 

rate of CPSP found by Axman directly contrasts that found by Dwyer in a 2004 study. 
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Dwyer found that rates of CPSP after IHR could reach 51.6%.74 It is unclear exactly why 

this difference exists. Both groups had examined patients 12 months out from surgery. 

Liu et al. examined a group of 236 patients after exclusion criteria and found the rate of 

CPSP amongst patients to be 14.4%.72 Despite this being a single institution survey, this 

result is inline with Axman’s national study. In a self-administered questionnaire study, it 

was found that out of 1166 patients, 335 or 28.7% of them experienced chronic pain 12 

months after surgery.73  

Mastectomy 

Post surgical pain after mastectomies is normally referred to as postmastectomy 

pain syndrome (PMPS), but the IASP does not supply a different definition of chronic 

pain for PMPS, thus it is common to use the 3 month period suggested for chronic pain.69 

The incidence of CPSP for mastectomy ranges from 30% to 52.9%.75–78 Cui et al. found 

that of 420 patients, 152 had pain for longer than minimum 3 months after surgery. The 

study was conducted using a questionnaire sent to patients at a major city hospital after a 

phone interview. In a meta analysis examining 19813 patients across thirty studies, it was 

found that the risk of pain was 30% in the absence of risk factors.77 On average, the rate 

of CPSP for mastectomy seems high for the obvious reason that the procedure has a high 

risk for tissue damage. Fabro et al. found in a study looking at a cohort of 203 patients 

that had undergone surgical treatment for breast cancer at the National Cancer Institute in 

Brazil that the rate of CPSP could reach 52.9%.76 The disparity between the numbers 

might be explained by the relatively small sample size used by Fabro, but nevertheless, it 

reinforces that chronic pain is experienced by many mastectomy patients.  
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Caesarean Section 

CPSP from caesarean section has been to occur at rates in between 5.9% and 

38.6%.79–83 Defined as pain at 1 year post surgery, Kainu et al. found in a questionnaire 

study that 42 women of the 229 that responded were experiencing chronic pain.79 Kehlet 

found that chronic pain occurs in 12.3% of patients at the 3 month mark. 83 Nardi et. al 

had results similar to these two finding that CPSP occurs in 15% of patients.81 As a whole 

compared to other major surgeries, the rate of CPSP is far less than was seen in 

mastectomy and in IHR. From a surgical viewpoint, this may be due to the effectiveness 

of the Pfannenstiel type incision in avoiding nerve damage or that the caesarean section is 

less prone to causing central sensitization. However, based on a review of the literature, 

there seems to be a lack of thoroughly in-depth studies with large sample sizes looking at 

the rates of chronic pain after gynaecological surgery compared to other common 

surgeries. It is my recommendation that we would greatly benefit from such a study in 

order to gain a more comprehensive understanding.  
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Table 1: Summary of Individual Clinical Trial Findings 

Study Patient 

Number 

CPSP 

Incidence 

CPSP 

Percentage 

Surgery Type 

Borges et al. 462 118 25.00% Caesarean 

Kainu et al. 229 42 18.00% Caesarean 

Kehlet et al. 220 85 38.64% Caesarean 

Nardi et al. 167 43 26.00% Caesarean 

Nikolajsen et al. 220 27 12.30% Caesarean 

Yimer et al. N.A. 0 4-41% Caesarean 

Review 

Massaron et al. 1440 256 18.70% IHR 

Nikkolo et al. 0 0 51.60% IHR 

Axman et al. 0 0 14.8 to 15.7% IHR 

Liu et al. 236 34 14.40% IHR 

Nielsen et al. 1166 335 28.70% IHR 
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Simanski et al. 0 0 42.90% Mastectomy 

Cui et al. 420 152 36.20% Mastectomy 

Fabro et al. 174 0 52.90% Mastectomy 

Wang et al. Meta-analysis 

19813 pts 

0 30% w/o risk 

factors 

Mastectomy 

Edgley et al. 229 149 65.00% Ortho 

 

RISK & PROTECTIVE FACTORS OF CHRONIC PAIN 

 Numerous risk factors for development of CPSP have been identified and 

confirmed in many studies. Some of these factors are targetable and changeable, weight 

or emotional state, whilst others, such as age and genetics, are immutable. Identification 

and knowledge of these risk factors is vital for cohesive planning to avoid the transition 

of acute to chronic pain.  

Age 

 Younger patients are associated with a higher risk of developing CPSP across 

various surgeries. In the meta-analysis produced by Wang et al., they examined a total of 

11,030 patients across 22 studies and found that every 10 year increment down from 70 

increased risk of developing CPSP in breast cancer surgery.77 This evidence is supported 
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by other studies that found that younger aged patients also had higher risks of developing 

chronic pain post surgery.71,76  

 It is unclear why this seems to be a risk factor confirmed by many studies. In fact, 

in an epidemiological study by mills et al. that found while chronic pain in general seems 

to be more common amongst older age groups due to increased opportunity to being 

exposed to noxious stimuli, CPSP specifically is common amongst younger aged 

patients.84 The  problem with deciphering this trend may be two-fold. Firstly, there is a 

lack of comprehensive studies looking specifically at patients in younger aged groups. 

While the rule is not absolute, for example, it is much more difficult to look at younger 

populations undergoing mastectomy for the simple reason that breast cancer and 

therefore mastectomy is less common in these groups. 85 Secondly, collecting data for 

older patients comes with the problem that comorbidities exist at higher rates, attitudes 

about pain differ, and cognitive issues are likely to be more common.86 Comorbidities 

make it more difficult to assess the exact cause of chronic post surgical pain. With self-

reporting being the most reliable way to assess pain despite its subjectivity, attitudes 

towards pain disclosure may affect study results. Many of the studies assessed utilized a 

mail-based questionnaire to assess pain after surgery, but cognitive issues may affect 

ability to complete this task. Specialized tools such as the Pain in Advanced Dementia 

(PAINAD) or the Doloplus-2 are recommended. 86  
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Preoperative Pain & History of Chronic Pain 

 Based on our physiological understanding of pain, it comes as no surprise that 

preoperative pain is a risk factor for developing chronic pain after surgery. The pain is 

thought to originate from presensitization of the surgical area. This presensitization 

causes structural changes within the central nervous system that lower the threshold 

necessary for nociceptors to activate and transmit the presence of noxious stimuli. In 

other words, when the surgery acts as a noxious stimulus, the effect is amplified.  

 Many studies have shown this to be the case.71,82,83 Wang et al., in a study looking 

at 2504 mastectomy patients across 8 different studies, found that the presence of 

preoperative pain can increase your chances of developing CPSP by 6-11% depending on 

whether or not the preoperative pain is persistent or not. 77 The presence of pain in the 

perioperative setting is a factor that can be actively mitigated. Pre Screening individuals 

with the Numerical Rating Scale may prove to be beneficial in minimizing perioperative 

pain as a contributing factor in CPSP development.  

Severe Acute Postoperative Pain 

Severe acute postoperative pain is common, especially in surgeries associated 

with significant nerve damage such as thoracotomies or amputation. Postoperative acute 

pain as a risk factor has been firmly established and can play a key role in the transition 

from postoperative pain to chronic pain.18,84 The trauma and pain experienced during 

surgery can lead to prolonged inflammation and therefore sensitization in the 

postoperative period. Postoperative pain, however, is a prime target to reduce CPSP 
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incidence. Active intervention in the postoperative period and optimization of surgical 

techniques to minimize tissue damage can help reduce postoperative pain. 18,87 

Sex 

 Several clinical studies and reviews have identified that the female sex 

demonstrates a higher prevalence for chronic pain and pain sensitivity compared to 

men.88–92 The exact reason for this clinical finding is unclear, but most research indicates 

that estrogens may underpin the increased sensitivity. Estrogen Receptor, ER-α, has been 

found on DRG cells and in areas of the brain that are involved in pain signaling such as 

the amygdala and the periaqueductal gray.91 Another suggestion is that hormones 

interfere with the efficacy of analgesics, but this needs further examination.93 The exact 

importance of sex in CPSP cannot be easily quantified, but clinical evidence alone should 

suggest that it should be a factor considered in assessing the overall risk for an individual 

patient.  

Psychosocial Factors 

 Pain is ultimately a psychological experience. In the final part of the pain circuit, 

the somatosensory information is processed by the insula, anterior cingulate cortex, and 

the prefrontal cortex. Therefore, it is no surprise to find that CPSP has a long list of 

associated psycho-social risk and protective factors. The literature has firmly established 

that anxiety, depression, and pain catastrophizing as being linked to increased chronic 

pain.  
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 Pain catastrophizing can be described as a mental state involving unrealistic 

beliefs that the current situation will lead to the worst possible pain outcome.94 It involves 

an extremely negative mental state around a pain experience. Evidence shows that pain 

catastrophizing and its relation to the pain experience functions due to grey matter 

changes and a reduced function of the descending pain modulatory system.95 Birch et al. 

evaluated a group of 615 patients that either underwent total knee arthroplasty or 

unicompartmental knee arthroplasty. In the study, subjects completed The Pain 

Catastrophizing Scale prior to surgery; the Oxford Knee Score, Short Form-36  and the 

EuroQol-5D were completed both before and after surgery, 4 months, and 12 months.96,97 

Patients with <11 scores on The Pain Catastrophizing Scale had significantly better 

scores on the Oxford Knee Score, Short Form-36, and the EuroQol-5D than patients who 

scored >21 on The Catastrophizing Score.96 Overall, patients that were prone to 

catastrophizing pain scored far worse at all points of testing in both pain scores and 

physical ability. It is unlikely that the link between physical recovery and catastrophizing 

scores is causal, but it does indicate these patients have worse overall outcomes and can 

be identified. 

Catastrophizing as a risk factor may be surgery dependent. Although in many 

instances it is found to be a risk factor for CPSP, a study examining psychosocial risk 

factors in IHR found that catastrophizing was not associated with CPSP. 98 It was 

reported that surgeries with shorter acute postsurgical pain phases may be less prone to 

development of the fear-avoidance dynamic with which catastrophizing appears to be 

associated. 
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Additionally, anxiety and depression are both factors that are linked to CPSP.52,99–

103 In a study looking to identify risk factors in total knee arthroplasty, Singh et al. found 

that when controlling for demographic and clinical risk factors, anxiety and depression 

were highly correlated with CPSP at both the 2 and 5 year post surgical time mark. In a 

similar 2003 study, analysis showed that patients with depression were more likely to 

utilize postsurgical resources and complain of pain after surgery. 99 Brander et al. also 

found that the addition of Beck Depression Inventory and State-Trait Anxiety Index or 

similarly validated psychosocial examinations might be useful as a prescreening tool in 

order to identify patients that are at higher risk for needing additional postsurgical 

resources. As preoperative risk factors, both anxiety and depression are firmly 

established, however it is suggested that anxiety and depression are a part of the 

postsurgical pain experience and can exacerbate the situation after the fact. Further 

studies examining similar testing measures in the postsurgical period might be helpful in 

unveiling the true effect of these comorbidities beyond the extent as a presurgical risk 

factor.  

The amount of evidence linking various psychosocial factors highlights their 

promise as a point of intervention for reducing chronic pain. The effects of pain 

catastrophizing have been shown to decrease following cognitive therapy and offers 

perhaps the most accessible point of intervention as far as psychosocial risk factors are 

concerned.95 While depression and anxiety can be addressed, the longer intervention 

required may make them harder to address in a presurgical situation. However, 

randomized controlled trials have shown antidepressants such as amitriptyline to be 
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efficacious in reducing neuropathic pain as well as having an opioid sparing effect 

suggesting they may be both useful and appropriate in a multimodal pain management 

approach for patients experiencing depression.104 

Genetics 

 Identifying genetic mutations and gene therapy represents one of the most 

promising aspects for addressing not only CPSP, but pain in general. According to 

various twin studies and genomic wide association studies, heritability of pain ranges 

from 30-70%.105 There are many genetic targets to examine including neurotransmitter 

catabolizing enzymes, ion channel proteins, receptors, transporters, and transcription 

factors.105,106 It would be impossible to reasonably cover every genetic variation that can 

contribute to chronic pain, however, this thesis will examine them in groups and some of 

the most promising ones individually. 

  Much of the work done on understanding chronic pain susceptibility and 

experiences originates from the idea that the individual experience of all types of pain 

varies greatly amongst patient populations. Research into genetic mutations has shown 

that they are accountable for some of this individual variation.106 Some of the best studied 

mutations in this realm are the single-nucleotide polymorphisms (SNPs) that affect the 

catechol-O-methyltransferase (COMT) enzyme. COMT is responsible for modulating 

catecholamines such as dopamine. A model proposed by Zubieta et al. suggests that when 

COMT loses efficacy, consequently there is an uptick of dopaminergic receptors in the 

neuron which causes a compensatory upregulation of the μ-opioid receptors in the brain. 
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107 The increased μ-opioid receptors, which activate in response to pain, subsequently 

lower the threshold for experiencing pain due to their increased abundance.107  

 Another genetic target is the P2RX7 which is an ATP receptor that exists on 

certain immune cells and is involved in the recruitment of cytokines and other 

inflammatory mediators.105 Animal models suggest that P2RX7 contributes top pain 

modulation via interaction with both peripheral tissues and alterations in nervous system 

processing. 108Theoretically, by mitigating the amount of proinflammatory mediators that 

interact with damaged nerves, a reduction of overall inflammation will reduce 

neuropathic pain. Patient studies confirm this and suggest that the P2RX7 gene is a 

reasonable target for therapy, but more clinical studies are needed.109 

Genetic variations that relate to neurotransmitter functionality are promising and 

particularly useful given that many pharmacological agents have similar targets. More 

specifically, it has been shown that a single SNP mutation within the HTR2A gene, 

which codes for serotonin receptor 2A, increases the risk for post-surgical pain burden.106 

Aoki et al. showed that women specifically with the T/T genotype that had the 102T/C 

had polymorphism had significantly higher pain sensitivity and had higher opioid 

consumption post surgery. 110 

Ion channel mutations have been implicated in both an increase and decrease in 

chronic pain. Mutations in ion channel proteins affect pain thresholds essentially by 

adjusting the required impulse to depolarize and therefore transmit messages along the 

pain pathway. Mutations in genes such as KCNS1 and CACNG2 that affect voltage gated 
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potassium and calcium channels respectively have been implicated in increasing CPSP 

risk in surgeries such as amputation and mastectomy.111,112 On the other hand, some ion 

channel mutations might offer a protective factor. In a study looking at Drosophila and 

mice inheritance, it was found that the CACNA2D3, a gene for a calcium channel 

subunit, played a role in thermal nociception, which was associated with lower chronic 

pain.113 While further research is required, the studies so far suggest they make likely 

targets for genetic pre-screening before surgery.  

Surgical Factors and Anaesthetic Technique 

For obvious reasons, aspects of the actual surgery have an effect on the outcome. 

One study showed that the Misgav Ladach method of caesarean section was faster, 

patients had less acute pain, and used less postoperative analgesics.87 Minimally invasive 

surgical techniques that prioritize limiting nerve and tissue damage might be effective in 

reducing CPSP.114 However, techniques such as video assisted thoracic surgery have not 

been shown to reduce chronic pain.115 A possible explanation for this is that the technique 

does not do enough to minimize nerve damage despite smaller incisions.  

CURRENT WORKING MODELS & PROPOSED FIXES 

 Acute pain knowledge has transformed tremendously over the past two decades. 

The opioid crisis alone has forced physicians to think differently about pain. However, 

despite this advancement, CPSP remains a fundamental issue that needs further attention. 

As evidenced by the many CPSP incidence studies, rates of CPSP have changed very 
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little over the years. In this section, various proposed fixes will be identified and 

discussed in an effort to pinpoint where strides can be made.  

Pre-Surgical Assessment 

 In 2016, the American Pain Society (APS) published a series of recommendations 

of clinical guidelines for postsurgical pain management.26 In the preoperative stage they 

made the recommendation of: 

1. Patient education and clarification of goals 

2. Counselling on analgesic administration and pain assessment 

3. Preoperative evaluation of risk factors 

4. Flexible pain management schemes  

5. Use of validated pain assessment tools 

Specifically, it seems that recommendations 1, 3, and 5 are most relevant to the 

discussion so far, whilst 2 and 4 are mostly self-evident in importance.  

 Recommendation 1 suggests that educating patients about pain management and 

documenting pain goals might assist in managing presurgical anxiety levels. Given the 

heightened risk of CPSP for patients that catastrophize and have high anxiety levels, this 

seems consistent with the information examined thus far.100,116 The APS states 

specifically that the evidence for this is inconclusive and that the content of an early 

education program has not been evaluated indicating the need for further studies on this 

topic.26 
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 Recommendation 3, as evidenced by the extensive discussion on risk factors 

heretofore, is critical in devising an active pain management plan to prevent development 

of chronic pain. Risk factors that can be changed, such as psychosocial factors or 

preoperative pain, and history of analgesic use are useful targets to reducing adverse 

events post surgery. In the case of the latter, understanding the opioid use history of the 

patient might be critical and make him or her a prime candidate for multimodal therapies 

in order to reduce opioid requirements.117 The goal of the risk factor assessment should 

be to develop a complete picture and prescribe a plan that suits the individual patient and 

recovery goals.  

The fifth recommendation is vital to tracking and updating pain management 

schemes. Use of validated pain management tests can make it easier to confirm pain 

changes. The APS suggests the use of a numerical rating scale such as the four-point, a 

visual analogue scale, pain thermometer, or faces-rating scale.26,118 In addition, the use of 

an appropriate scale depending on the patient’s condition is vital. Dementia patients for 

example may not be able to accurately complete one of the recommended assessments 

and others may be necessary.86 

Another model is the Transitional Pain Service (TPS) at Toronto General 

Hospital. At the TPS, they comprehensively address pain at the pre, peri, and 

postoperative stages.119 By managing pain at every stage of the operation, they can focus 

on how the patient is coping with the surgery and make constant adjustments each step in 

order to ensure a high quality of life after surgery. 
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Pre and Perioperative Stage 

Much of their success comes from identifying patients at risk for developing 

CPSP early on in the surgical pre-admission visit where they go through a detailed 

assessment of the patients. Identifying patients at risk early on the intraoperative period 

allows for personalization of the pain management regiment as well as providing 

information as to how to best use analgesics. The latter of which allows for the patient to 

become an active participant in the postoperative pain management process. One example 

of how this effective, is identifying a patient with a history of opioid use early on allowed 

them to work to reduce his opioid consumption in advance of the surgery and made 

greater use of the multimodal treatment plan.119 

Postoperatively 

After discharge, patients are followed up with a phone call after three days. After that, 

patients are seen after two to three weeks in clinic in order to adjust any issues they are 

having. During this clinic visit, patients are assessed for addiction risk, weaning opioid 

medication, and the overall efficacy of the treatment plan. Alternatively, patients get 

offered physiotherapy and acupuncture in effort to aid pain relief. This biweekly 

assessment occurs for 6 weeks to 6 months postoperatively typically whereby they 

transition to seeing their primary care physician.  

By taking control of the entire pain management process and constantly monitoring it at 

every step of the way, the TPS is able to take advantage of the more efficacious pain 

management strategies. Furthermore, by having complete control over the process, they 

are able to make individualized adjustments every step of the way. This is in direct 
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contrast to the more common method of referring patients to other physicians or pain 

management services that may not understand the complete picture.  

The model implemented at Toronto General Hospital is similar to the Opioid Task 

Force (OTF) implemented at the Hospital for Special Surgery.117 While the goal of the 

OTF is not necessarily to design a comprehensive pain service, it sought to create a 

comprehensive group containing all of the staff with which the patient would interact and 

implement programs that would reduce opioid consumption for orthopedic patients 

hospital wide. Much of their work emphasizes the same principles as the TPS. The OTF 

emphasizes in-depth presurgical screening, patient education, prescription of alternative 

medications, and reduction of opioid use. There are clear differences and the study 

outlining this model lacks significant clinically relevant data to validate the success of the 

OTF, but integration of all parts of the pain management process has proved effective in 

other models and looks to be a promising way to improve patient outcomes in a 

generalizable way.117 

CONCLUSIONS 

 CPSP is an issue that is both commonly mishandled and misunderstood. In order 

to address this, physicians must be open to adopting new methods and strategies to help 

combat it. Patients need to and can be identified early for risk factors indicating that they 

might require additional pain management planning. Once they have been identified, 

their pain management needs to be comprehensive and everyone involved in the surgical 

process should be informed of the individual patient's needs. Hospitals serious about 
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improving patient outcomes should look towards the models outlined and implement 

similar standards and strategies as a start. 

 However, these models are not perfect, nor are they robustly clinically validated. 

Further studies looking at the efficacy and cost efficiency of these methods are needed for 

them to be truly generalizable and recommended for implementation. Additionally, 

rigorous clinical trials on CPSP that seek to mitigate the heterogeneity of surgical 

procedures would be helpful in understanding chronic pain.  

 

 

 

  



 

46 

REFERENCES 

1.  Edgley C, Hogg M, De Silva A, Braat S, Bucknill A, Leslie K. Severe acute pain 

and persistent post-surgical pain in orthopaedic trauma patients: a cohort study. 

British Journal of Anaesthesia. 2019;123(3):350-359. 

doi:10.1016/j.bja.2019.05.030 

2.  Massaron S, Bona S, Fumagalli U, Battafarano F, Elmore U, Rosati R. Analysis of 

post-surgical pain after inguinal hernia repair: a prospective study of 1,440 

operations. Hernia. 2007;11(6):517-525. doi:10.1007/s10029-007-0267-7 

3.  Macdonald L, Bruce J, Scott NW, Smith WCS, Chambers WA. Long-term follow-

up of breast cancer survivors with post-mastectomy pain syndrome. British 

Journal of Cancer 2005;92(2):225-230. doi:10.1038/sj.bjc.6602304 

4.  Institute of Medicine (US) Committee on Pain D, Osterweis M, Kleinman A, 

Mechanic D. The Anatomy and Physiology of Pain. National Academies Press 

(US); 1987. Accessed July 29, 2021. 

https://www.ncbi.nlm.nih.gov/books/NBK219252/ 

5.  Bourne S, Machado AG, Nagel SJ. Basic Anatomy and Physiology of Pain 

Pathways. Neurosurgery Clinics of North America. 2014;25(4):629-638. 

doi:10.1016/j.nec.2014.06.001 

6.  Reddi D, Curran N, Stephens R. An introduction to pain pathways and 

mechanisms. British Journal of Hospital Medicine. 2013;74(Sup12):C188-C191. 

doi:10.12968/hmed.2013.74.Sup12.C188 

7.  Dubin AE, Patapoutian A. Nociceptors: the sensors of the pain pathway. Journal of 

Clinical Investigation 2010;120(11):3760-3772. doi:10.1172/JCI42843 

8.  Institute of Medicine (US) Committee on Pain D, Osterweis M, Kleinman A, 

Mechanic D. The Anatomy and Physiology of Pain. National Academies Press 

(US); 1987. Accessed January 4, 2021. 

https://www.ncbi.nlm.nih.gov/books/NBK219252/ 

9.  Livingston, William. Pain Mechanisms: A Physiologic Interpretation of Causalgia 

and Its Related States. 

10.  Kendroud S, Fitzgerald LA, Murray I, Hanna A. Physiology, Nociceptive 

Pathways. StatPearls Publishing; 2020. Accessed June 24, 2021. 

https://www.ncbi.nlm.nih.gov/books/NBK470255/ 

11.  Lee GI, Neumeister MW. Pain: Pathways and Physiology. Clinics in Plastic 

Surgery. 2020;47(2):173-180. doi:10.1016/j.cps.2019.11.001 

12.  Willis WD, Westlund KN. Neuroanatomy of the pain system and of the pathways 



47 

that modulate pain. Journal of Clinical Neurophysiology. 1997;14(1):2-31. 

doi:10.1097/00004691-199701000-00002 

13. Hal Blumenfeld. Neuroanatomy Through Clinical Cases. 2nd ed. Sinauer 
Associates, Inc.; 2010.

14. Yen C-T, Lu P-L. Thalamus and pain. Acta Anaesthesiologica Taiwanica. 2013; 
51(2):73-80. doi:10.1016/j.aat.2013.06.011

15. Li C, Liu S, Lu X, Tao F. Role of Descending Dopaminergic Pathways in Pain 
Modulation. Current Neuropharmacology. 2019;17(12):1176-1182.

doi:10.2174/1570159X17666190430102531

16. Melzack R, Wall PD. Pain mechanisms: a new theory. Science.

1965;150(3699):971-979. doi:10.1126/science.150.3699.971

17. Basicmedical Key. Opioid Pharmacology. https://basicmedicalkey.com/opioid-

pharmacology/

18. Fregoso G, Wang A, Tseng K, Wang J. Transition from Acute to Chronic Pain: 
Evaluating Risk for Chronic Postsurgical Pain. Pain Physician.:10.

19. Woolf CJ, King AE. Physiology and morphology of multireceptive neurons with

C-afferent fiber inputs in the deep dorsal horn of the rat lumbar spinal cord. 
Journal of Neurophysiology. 1987;58(3):460-479. doi:10.1152/jn.1987.58.3.460

20. Woolf CJ. Central sensitization: implications for the diagnosis and treatment of 
pain. Pain. 2011;152(3 Suppl):S2-S15. doi:10.1016/j.pain.2010.09.030

21. Glare P, Aubrey KR, Myles PS. Transition from acute to chronic pain after 
surgery. The Lancet. 2019;393(10180):1537-1546. doi:10.1016/S0140-

6736(19)30352-6

22. Woolf CJ, Chong MS. Preemptive analgesia--treating postoperative pain by 
preventing the establishment of central sensitization. Anesthesiology & Analgesia 
1993;77(2):362-379. doi:10.1213/00000539-199377020-00026

23. Voscopoulos C, Lema M. When does acute pain become chronic? British Journal 
of Anaesthesia. 2010;105:i69-i85. doi:10.1093/bja/aeq323

24. Vergne-Salle P, Bertin P. Chronic pain and neuroinflammation. Joint Bone Spine. 
2021;88(6):105222. doi:10.1016/j.jbspin.2021.105222

25. Feizerfan A, Sheh G. Transition from acute to chronic pain. BJA Education. 
Continuing Education in Anaesthesia Critical Care & Pain. 2015;15(2):98-102.

doi:10.1093/bjaceaccp/mku044

26. Chou R, Gordon DB, de Leon-Casasola OA, et al. Management of Postoperative



48 

Pain: A Clinical Practice Guideline From the American Pain Society, the American 

Society of Regional Anesthesia and Pain Medicine, and the American Society of 

Anesthesiologists’ Committee on Regional Anesthesia, Executive Committee, and 

Administrative Council. The Journal of Pain. 2016;17(2):131-157. 

doi:10.1016/j.jpain.2015.12.008 

27. Garimella V, Cellini C. Postoperative Pain Control. Clinics in Colon and Rectal 
Surgery 2013;26(3):191-196. doi:10.1055/s-0033-1351138

28. Murnaghan M, Li G, Marsh DR. Nonsteroidal anti-inflammatory drug-induced 
fracture nonunion: an inhibition of angiogenesis? Journal of Bone Joint Surgery 
American Volume. 2006;88 Suppl 3:140-147. doi:10.2106/JBJS.F.00454

29. Duchman KR, Lemmex DB, Patel SH, Ledbetter L, Garrigues GE, Riboh JC. The 
Effect of Non-Steroidal Anti-Inflammatory Drugs on Tendon-to-Bone Healing: A 
Systematic Review with Subgroup Meta-Analysis. Iowa Orthopaedic Journal. 
2019;39(1):107-119.

30. Cohen DB, Kawamura S, Ehteshami JR, Rodeo SA. Indomethacin and celecoxib 
impair rotator cuff tendon-to-bone healing. American Journal of Sports Medicine. 
2006;34(3):362-369. doi:10.1177/0363546505280428

31. Elmowitz JS, Shupak RP. Pharmacological and Non-Pharmacological Methods of 
Postoperative Pain Control Following Oral and Maxillofacial Surgery: A Scoping 
Review. Journal of Oral and Maxillofacial Surgery. Published online April 29,

2021:S0278-2391(21)00408-0. doi:10.1016/j.joms.2021.04.022

32. Lemoine A, Witdouck A, Beloeil H, Bonnet F, PROSPECT Working Group Of 
The European Society Of Regional Anaesthesia And Pain Therapy (ESRA). 
PROSPECT guidelines update for evidence based pain management after 
prostatectomy for cancer. Anaesthesia Critical Care & Pain Medicine. Published 
online June 28, 2021:100922. doi:10.1016/j.accpm.2021.100922

33. Liu G, Ma Y, Chen Y, Zhuang Y, Yang Y, Tian X. Effects of parecoxib after 
pancreaticoduodenectomy: A single center randomized controlled trial. 
International Journal of Surgery. 2021;90:105962. doi:10.1016/j.ijsu.2021.105962

34. Laoruengthana A, Chaibhuddanugul N, Rattanaprichavej P, Malisorn S, 
Tangsripong P, Pongpirul K. Perioperative Outcomes of Patients Who Were Not 
Candidates for Additional Nonsteroidal Anti-inflammatory Drugs in a Multimodal 
Pain Control Regimen for Total Knee Arthroplasty. Clinics in Orthopedic Surgery. 
2021;13(2):160-167. doi:10.4055/cios20154

35. Alshami AA, Alhamed SA, Almahri JR, AlSaggabi FA, Alshahrani AS. Effect of 
pre-operative administration of ibuprofen in children undergoing extraction for 
reducing post-operative pain: a double-blind randomised controlled clinical trial.



49 

British Dental Journal. Published online May 13, 2021. doi:10.1038/s41415-021-

2959-2 

36. Blair HA. Bupivacaine/Meloxicam Prolonged Release: A Review in Postoperative 
Pain. Drugs. Published online July 6, 2021. doi:10.1007/s40265-021-01551-9

37. Pathan H, Williams J. Basic opioid pharmacology: an update. British Journal of 
Pain. 2012;6(1):11-16. doi:10.1177/2049463712438493

38. Opioids. In: LiverTox: Clinical and Research Information on Drug-Induced Liver 
Injury. National Institute of Diabetes and Digestive and Kidney Diseases; 2012. 
Accessed July 11, 2021. http://www.ncbi.nlm.nih.gov/books/NBK547864/

39. G Protein-Coupled Receptors: Dynamic Machines for Signaling Pain and Itch. 
Neuron 2015;88(4):635–649. doi:10.1016/j.neuron.2015.11.001

40. Berterame S, Erthal J, Thomas J, et al. Use of and barriers to access to opioid 
analgesics: a worldwide, regional, and national study. Lancet.

2016;387(10028):1644-1656. doi:10.1016/S0140-6736(16)00161-6

41. Boretsky K, Mason K. In the Arms of Morpheus without Morphia; Mitigating the 
United States Opioid Epidemic by Decreasing the Surgical Use of Opioids. 
Journal of Clinical Medicine. 2021;10(7):1472. doi:10.3390/jcm10071472

42. Koepke EJ, Manning EL, Miller TE, Ganesh A, Williams DGA, Manning MW. 
The rising tide of opioid use and abuse: the role of the anesthesiologist. 
Perioperative Medicine (Lond). 2018;7:16. doi:10.1186/s13741-018-0097-4

43. Hill MV, McMahon ML, Stucke RS, Barth RJ. Wide Variation and Excessive 
Dosage of Opioid Prescriptions for Common General Surgical Procedures. Annals 
of  Surgery 2017;265(4):709-714. doi:10.1097/SLA.0000000000001993

44. Wunsch H, Wijeysundera DN, Passarella MA, Neuman MD. Opioids Prescribed 
After Low-Risk Surgical Procedures in the United States, 2004-2012. Journal of 
the American Medical Association. 2016;315(15):1654-1657.

doi:10.1001/jama.2016.0130

45. Bharat C, Hickman M, Barbieri S, Degenhardt L. Big data and predictive 
modelling for the opioid crisis: existing research and future potential. The Lancet 
Digital Health. 2021;3(6):e397-e407. doi:10.1016/S2589-7500(21)00058-3

46. Kolodny A, Courtwright DT, Hwang CS, et al. The prescription opioid and heroin 
crisis: a public health approach to an epidemic of addiction. Annual Review of 
Public Health. 2015;36:559-574. doi:10.1146/annurev-publhealth-031914-122957

47. Neuman MD, Bateman BT, Wunsch H. Inappropriate opioid prescription after 
surgery. Lancet. 2019;393(10180):1547-1557. doi:10.1016/S0140-6736(19)30428-



50 

3 

48. Kessler ER, Shah M, Gruschkus SK, Raju A. Cost and Quality Implications of 
Opioid-Based Postsurgical Pain Control Using Administrative Claims Data from a 
Large Health System: Opioid-Related Adverse Events and Their Impact on Clinical 

and Economic Outcomes. Pharmacotherapy: The Journal of Human Pharmacology 

and Drug Therapy. 2013;33(4):383-391. doi:10.1002/phar.1223

49. Shafi S, Collinsworth AW, Copeland LA, et al. Association of Opioid-Related 
Adverse Drug Events With Clinical and Cost Outcomes Among Surgical Patients in 

a Large Integrated Health Care Delivery System. JAMA Surgery. 2018;153(8):757. 

doi:10.1001/jamasurg.2018.1039

50. Minkowitz HS, Gruschkus SK, Shah M, Raju A. Adverse drug events among 
patients receiving postsurgical opioids in a large health system: Risk factors and 
outcomes. American Journal of Health-System Pharmacy. 2014;71(18):1556-1565. 
doi:10.2146/ajhp130031

51. Chu LF, Angst MS, Clark D. Opioid-induced hyperalgesia in humans: molecular 
mechanisms and clinical considerations. Clinical Journal of Pain. 2008;24(6):479-

496. doi:10.1097/AJP.0b013e31816b2f43

52. Fishbain DA, Cole B, Lewis JE, Gao J, Rosomoff RS. Do Opioids Induce 
Hyperalgesia in Humans? An Evidence-Based Structured Review. Pain Medicine 
2009;10(5):829-839. doi:10.1111/j.1526-4637.2009.00653.x

53. Kissin I, Bright CA, Bradley EL. The effect of ketamine on opioid-induced acute 
tolerance: can it explain reduction of opioid consumption with ketamine-opioid 
analgesic combinations? Anesthesia & Analgesia 2000;91(6):1483-1488.

doi:10.1097/00000539-200012000-00035

54. Taylor A, McLeod G. Basic pharmacology of local anaesthetics. BJA Education 
2020;20(2):34-41. doi:10.1016/j.bjae.2019.10.002

55. Pogatzki-Zahn EM, Segelcke D, Schug SA. Postoperative pain—from mechanisms 
to treatment. Pain Reports. 2017;2(2). doi:10.1097/PR9.0000000000000588

56. Bell RF, Kalso EA. Ketamine for pain management. Pain Reports 2018;3(5):e674. 
doi:10.1097/PR9.0000000000000674

57. Mion G, Villevieille T. Ketamine pharmacology: an update (pharmacodynamics 
and molecular aspects, recent findings). CNS Neuroscience & Therapeutics
2013;19(6):370-380. doi:10.1111/cns.12099

58. Adam F, Chauvin M, Du Manoir B, Langlois M, Sessler DI, Fletcher D. Small-

dose ketamine infusion improves postoperative analgesia and rehabilitation after 
total knee arthroplasty. Anesthesia & Analgesia. 2005;100(2):475-480.



51 

doi:10.1213/01.ANE.0000142117.82241.DC 

59. Moyse DW, Kaye AD, Diaz JH, Qadri MY, Lindsay D, Pyati S. Perioperative 
Ketamine Administration for Thoracotomy Pain. Pain Physician.:12.

60. Long JB, Bevil K, Giles DL. Preemptive Analgesia in Minimally Invasive 
Gynecologic Surgery. Journal of Minimally Invasive Gynecology. 2019;26(2):198-

218. doi:10.1016/j.jmig.2018.07.018

61. Tiippana EM, Hamunen K, Kontinen VK, Kalso E. Do surgical patients benefit 
from perioperative gabapentin/pregabalin? A systematic review of efficacy and 
safety. Anesthesia & Analgesia 2007;104(6):1545-1556, table of contents.

doi:10.1213/01.ane.0000261517.27532.80

62. Marineo G. Inside the Scrambler Therapy, a Noninvasive Treatment of Chronic 
Neuropathic and Cancer Pain: From the Gate Control Theory to the Active 
Principle of Information. Integrated Cancer Therapy 2019;18:1534735419845143. 
doi:10.1177/1534735419845143

63. Kien NT, Geiger P, Van Chuong H, et al. Preemptive analgesia after lumbar spine 
surgery by pregabalin and celecoxib: a prospective study. Drug Design 
Development & Therapy 2019;13:2145-2152. doi:10.2147/DDDT.S202410

64. Geng Z, Bi H, Zhang D, et al. The impact of multimodal analgesia based enhanced 
recovery protocol on quality of recovery after laparoscopic gynecological surgery: 
a randomized controlled trial. BMC Anesthesiology. 2021;21(1):179.

doi:10.1186/s12871-021-01399-2

65. Jenkins NW, Parrish JM, Nolte MT, et al. Multimodal Analgesic Management for 
Cervical Spine Surgery in the Ambulatory Setting. International Journal of Spine 
Surgery 2021;15(2):219-227. doi:10.14444/8030

66. Postoperative pain management in the era of ERAS: An overview. Best Practice & 
Research Clinical Anaesthesiology. 2019;33(3):259-267.

doi:10.1016/j.bpa.2019.07.016

67. Ladha KS, Patorno E, Huybrechts KF, Liu J, Rathmell JP, Bateman BT. Variations 
in the Use of Perioperative Multimodal Analgesic Therapy. Anesthesiology. 
2016;124(4):837-845. doi:10.1097/ALN.0000000000001034

68. Wang J, Zhao G, Song G, Liu J. The Efficacy and Safety of Local Anesthetic 
Techniques for Postoperative Analgesia After Cesarean Section: A Bayesian 
Network Meta-Analysis of Randomized Controlled Trials. Journal of Pain 
Research 2021;14:1559-1572. doi:10.2147/JPR.S313972

69. Merskey H, Bogduk N, International Association for the Study of Pain, eds. 
Classification of Chronic Pain: Descriptions of Chronic Pain Syndromes and



52 

Definitions of Pain Terms. 2nd ed. IASP Press; 1994. 

70. Nikkolo C, Lepner U. Chronic pain after open inguinal hernia repair. Postgraduate 
Medicine. 2016;128(1):69-75. doi:10.1080/00325481.2016.1121090

71. Axman E, Holmberg H, Nordin P, Nilsson H. Chronic pain and risk for reoperation 
for recurrence after inguinal hernia repair using self-gripping mesh. Surgery. 
2020;167(3):609-613. doi:10.1016/j.surg.2019.11.011

72. Liu Y, Zhou M, Zhu X, Gu X, Ma Z, Zhang W. Risk and protective factors for 
chronic pain following inguinal hernia repair: a retrospective study. Journal of 
Anesthesiology 2020;34(3):330-337. doi:10.1007/s00540-020-02743-5

73. Bay-Nielsen M, Perkins FM, Kehlet H. Pain and Functional Impairment 1 Year 
After Inguinal Herniorrhaphy: A Nationwide Questionnaire Study. Annals of 
Surgery 2001;233(1):1-7.

74. O’Dwyer PJ, Kingsnorth AN, Molloy RG, Small PK, Lammers B, Horeyseck G. 
Randomized clinical trial assessing impact of a lightweight or heavyweight mesh 
on chronic pain after inguinal hernia repair. BJS (British Journal of Surgery). 
2005;92(2):166-170. doi:https://doi.org/10.1002/bjs.4833

75. Cui L, Fan P, Qiu C, Hong Y. Single institution analysis of incidence and risk 
factors for post-mastectomy pain syndrome. Scientific Reports 2018;8.

doi:10.1038/s41598-018-29946-x

76. Alves Nogueira Fabro E, Bergmann A, do Amaral E Silva B, et al. Post-

mastectomy pain syndrome: incidence and risks. Breast. 2012;21(3):321-325. 
doi:10.1016/j.breast.2012.01.019

77. Wang L, Guyatt GH, Kennedy SA, et al. Predictors of persistent pain after breast 
cancer surgery: a systematic review and meta-analysis of observational studies. 
Canadian Medical Association Journal. 2016;188(14):E352-E361.

doi:10.1503/cmaj.151276

78. Simanski CJP, Althaus A, Hoederath S, et al. Incidence of Chronic Postsurgical 
Pain (CPSP) after General Surgery. Pain Medicine. 2014;15(7):1222-1229.

doi:https://doi.org/10.1111/pme.12434

79. Kainu JP, Sarvela J, Tiippana E, Halmesmäki E, Korttila KT. Persistent pain after 
caesarean section and vaginal birth: a cohort study. International Journal of 
Obstetric Anesthesia. 2010;19(1):4-9. doi:10.1016/j.ijoa.2009.03.013

80. Yimer H, Woldie H. Incidence and Associated Factors of Chronic Pain After 
Caesarean Section: A Systematic Review. Journal of Obstetrics & Gynaecology 

Canada 2019;41(6):840-854. doi:10.1016/j.jogc.2018.04.006



53 

81. Nardi N, Campillo-Gimenez B, Pong S, Branchu P, Ecoffey C, Wodey E. Douleurs 
chroniques après césarienne : impact et facteurs de risque associés. Annales 
Françaises d’Anesthésie et de Réanimation. 2013;32(11):772-778.

doi:10.1016/j.annfar.2013.08.007

82. Kehlet H, Jensen TS, Woolf CJ. Persistent postsurgical pain: risk factors and 
prevention. The Lancet. 2006;367(9522):1618-1625. doi:10.1016/S0140-

6736(06)68700-X

83. Nikolajsen L, Sørensen HC, Jensen TS, Kehlet H. Chronic pain following 
Caesarean section. Acta Anaesthesiologica Scandinavica. 2004;48(1):111-116.

doi:10.1111/j.1399-6576.2004.00271.x

84. Mills SEE, Nicolson KP, Smith BH. Chronic pain: a review of its epidemiology and 

associated factors in population-based studies. British Journal of Anaesthesiology 

2019;123(2):e273-e283. doi:10.1016/j.bja.2019.03.023

85. Breast cancer incidence (invasive) statistics. Cancer Research UK. Published May 
14, 2015. Accessed March 2, 2021. https://www.cancerresearchuk.org/health-

professional/cancer-statistics/statistics-by-cancer-type/breast-cancer/incidence-

invasive

86. Schofield P. The Assessment of Pain in Older People: UK National Guidelines. Age 

and Ageing. 2018;47(Suppl 1):i1-i22. doi:10.1093/ageing/afx192

87. Belci D, Kos M, Zoricić D, et al. Comparative study of the “‘Misgav Ladach’” and 
traditional Pfannenstiel surgical techniques for cesarean section. Minerva 
Ginecologica 2007;59(3):231-240.

88. Greenspan JD, Craft RM, LeResche L, et al. Studying sex and gender differences in 

pain and analgesia: a consensus report. Pain. 2007;132 Suppl 1:S26-S45.

doi:10.1016/j.pain.2007.10.014

89. Wiesenfeld-Hallin Z. Sex differences in pain perception. Gender Medicine.

2005;2(3):137-145. doi:10.1016/s1550-8579(05)80042-7

90. Foulkes T, Wood JN. Pain genes. PLoS Genetics. 2008;4(7):e1000086.

doi:10.1371/journal.pgen.1000086

91. Craft RM. Modulation of pain by estrogens. Pain. 2007;132:S3-S12.

doi:10.1016/j.pain.2007.09.028

92. Bartley EJ, Fillingim RB. Sex differences in pain: a brief review of clinical and 
experimental findings. British Journal of Anaesthesia. 2013;111(1):52-58.

doi:10.1093/bja/aet127

93. Fillingim RB, Ness TJ. Sex-related hormonal influences on pain and analgesic



54 

responses. Neuroscience and Biobehavioral Reviews. 2000;24(4):485-501. 

doi:10.1016/s0149-7634(00)00017-8 

94. Katz J, Seltzer Z. Transition from acute to chronic postsurgical pain: risk factors

and protective factors. Expert Review of Neurotherapeutics. 2009;9(5):723-744.

doi:10.1586/ern.09.20

95. Malfliet A, Coppieters I, Wilgen PV, et al. Brain changes associated with cognitive

and emotional factors in chronic pain: A systematic review. European Journal of

Pain. 2017;21(5):769-786. doi:https://doi.org/10.1002/ejp.1003

96. Birch S, Stilling M, Mechlenburg I, Hansen TB. The association between pain

catastrophizing, physical function and pain in a cohort of patients undergoing knee

arthroplasty. BMC Musculoskeletal Disorders. 2019;20. doi:10.1186/s12891-019-

2787-6

97. Darnall BD, Sturgeon JA, Cook KF, et al. Development and Validation of a Daily

Pain Catastrophizing Scale. Journal of Pain 2017;18(9):1139-1149.

doi:10.1016/j.jpain.2017.05.003

98. Powell R, Johnston M, Smith WC, et al. Psychological risk factors for chronic

post-surgical pain after inguinal hernia repair surgery: A prospective cohort study.

European Journal of Pain. 2012;16(4):600-610.

doi:https://doi.org/10.1016/j.ejpain.2011.08.010

99. Brander VA, Stulberg SD, Adams AD, et al. Ranawat Award Paper: Predicting

Total Knee Replacement Pain: A Prospective, Observational Study. Clinical

Orthopaedics and Related Research®. 2003;416:27-36.

doi:10.1097/01.blo.0000092983.12414.e9

100. Theunissen M, Peters ML, Bruce J, Gramke H-F, Marcus MA. Preoperative

Anxiety and Catastrophizing: A Systematic Review and Meta-analysis of the

Association With Chronic Postsurgical Pain. The Clinical Journal of Pain.

2012;28(9):819-841. doi:10.1097/AJP.0b013e31824549d6

101. Rabbitts JA, Fisher E, Rosenbloom BN, Palermo TM. Prevalence and predictors of

chronic postsurgical pain in children: A systematic review and meta-analysis.

Journal of Pain. 2017;18(6):605-614. doi:10.1016/j.jpain.2017.03.007

102. Hinrichs℃Rocker A, Schulz K, Järvinen I, Lefering R, Simanski C, Neugebauer

EAM. Psychosocial predictors and correlates for chronic post-surgical pain (CPSP)

– A systematic review. European Journal of Pain. 2009;13(7):719-730.

doi:https://doi.org/10.1016/j.ejpain.2008.07.015

103. Singh JA, Lewallen DG. Medical and psychological comorbidity predicts poor

pain outcomes after total knee arthroplasty. Rheumatology (Oxford).

2013;52(5):916-923. doi:10.1093/rheumatology/kes402



55 

104. Cathy Stannard, Sara Booth. Pain. Second. Churchill Livingstone; 2004.

105. Clarke H, Katz J, Flor H, Rietschel M, Diehl SR, Seltzer Z. Genetics of chronic 
post-surgical pain: a crucial step toward personal pain medicine. Canadian Journal 
of Anesthesia/Journal Canadien d'Anesthesie. 2015;62(3):294-303.

doi:10.1007/s12630-014-0287-6

106. Young EE, Lariviere WR, Belfer I. Genetic basis of pain variability: recent 
advances. Journal of Medical Genetics 2012;49(1):1-9. doi:10.1136/

jmedgenet-2011-100386

107. Zubieta J-K, Heitzeg MM, Smith YR, et al. COMT val158met genotype affects 
mu-opioid neurotransmitter responses to a pain stressor. Science.

2003;299(5610):1240-1243. doi:10.1126/science.1078546

108. Arulkumaran N, Unwin RJ, Tam FWK. A potential therapeutic role for P2X7 
receptor (P2X7R) antagonists in the treatment of inflammatory diseases. Expert 
Opinion on Investigational Drugs. 2011;20(7):897-915.

doi:10.1517/13543784.2011.578068

109. Kambur O, Kaunisto MA, Winsvold BS, et al. Genetic variation in P2RX7 and pain 

tolerance. Pain. 2018;159(6):1064-1073.

doi:10.1097/j.pain.0000000000001188

110. Aoki J, Hayashida M, Tagami M, et al. Association between 5-hydroxytryptamine 
2A receptor gene polymorphism and postoperative analgesic requirements after 
major abdominal surgery. Neuroscience Letters. 2010;479(1):40-43.

doi:10.1016/j.neulet.2010.05.024

111. Costigan M, Belfer I, Griffin RS, et al. Multiple chronic pain states are associated 
with a common amino acid–changing allele in KCNS1. Brain. 

2010;133(9):2519-2527. doi:10.1093/brain/awq195

112. Nissenbaum J, Devor M, Seltzer Z, et al. Susceptibility to chronic pain following 
nerve injury is genetically affected by CACNG2. Genome Research
2010;20(9):1180-1190. doi:10.1101/gr.104976.110

113. Neely GG, Hess A, Costigan M, et al. A genome-wide Drosophila screen for heat 
nociception identifies α2δ3 as an evolutionary-conserved pain gene. Cell.

2010;143(4):628-638. doi:10.1016/j.cell.2010.09.047

114. Vilardo L, Shah M. Chronic pain after hip and knee replacement. Techniques in 
Regional Anesthesia and Pain Management. 2011;15(3):110-115.

doi:10.1053/j.trap.2011.09.002

115. Gottschalk A, Cohen SP, Yang S, Ochroch EA, Warltier DC. Preventing and 
Treating Pain after Thoracic Surgery. Anesthesiology. 2006;104(3):594-600.



56 

doi:10.1097/00000542-200603000-00027 

116. Nigussie S, Belachew T, Wolancho W. Predictors of preoperative anxiety among 
surgical patients in Jimma University Specialized Teaching Hospital, South 
Western Ethiopia. BMC Surgery. 2014;14:67. doi:10.1186/1471-2482-14-67

117. Soffin EM, Waldman SA, Stack RJ, Liguori GA. An Evidence-Based Approach to 
the Prescription Opioid Epidemic in Orthopedic Surgery. Anesthesia and 
Analgesia. 2017;125(5):1704-1713. doi:10.1213/ANE.0000000000002433

118. The measurement of clinical pain intensity: a comparison of six methods. Pain. 
1986;27(1):117-126. doi:10.1016/0304-3959(86)90228-9

119. Katz J, Weinrib A, Fashler SR, et al. The Toronto General Hospital Transitional 
Pain Service: development and implementation of a multidisciplinary program to 
prevent chronic postsurgical pain. Journal of Pain Research. 2015;8:695-702. 
doi:10.2147/JPR.S91924



 

57 

CURRICULUM VITAE 



 

58 



 

59 


