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Abstract

Background: Persistent postsurgical pain (PPP) is an increasingly recognised
complication of surgery. Various putative risk factors have been identified over
the last ten years. However the prevention of this phenomenon has proven
difficult. I studied PPP following cardiac surgery to identify both means of
prediction and prevention.

Methods: With ethics committee approval, I followed up 312 patients
undergoing cardiac surgery over a six-month period in our hospitals. This
established pilot data and allowed power calculation for the following
prospective studies:

1. Randomised controlled trial (RCT) of pregabalin alone (P) or pregabalin
combined with ketamine (PK), as compared to usual care (UC) for the
prevention of PPP.

2. Quantitative Sensory testing before and after surgery, to identify central
nervous system changes predictive of PPP, as well as any protective effect
of P and PK in the active arms. Patients were risk stratified into
vulnerable and resilient phenotypes, with the use of dynamic pain
assessments of Conditioned Pain Modulation (CPM), Temporal
Summation (TS) and Zone of Hyperalgesia (ZoH.)

Results: In the observational pilot cohort, 39.7% of patients described PPP
following elective first-time cardiac surgery. The age of the patient, duration of
surgery and acute pain during the recovery period all seemed to act as strong
predictors for the development of PPP in this cohort study.

In the prospective RCT, pregabalin was protective for future PPP. The study
demonstrated a significant improvement in PPP; OR= 0.11 and 0.046, for groups
P and PK respectively at three months, as compared to the UC group. The
addition of ketamine to pregabalin, as part of a multimodal regimen, had no
significant effect on PPP outcomes in this trial.



Tolerability of both drugs on the first day of treatment was an issue. As an
example, NNH (Number Needed to Harm) for diplopia was equal to 6.3 and 4.5,
in P and PK respectively. This failed to impact on recovery, however, with
improvements in median length of stay of 1 and 1.5 days respectively (p=0.023
and 0.002.)

The powerful and protective effects of pregabalin in the perioperative period are
demonstrated by:

1. Increases in pressure pain threshold (PPT) at a site remote to the incision
2. Prevention of the development of new TS
3. Reduction in the zone of peri-incisional hyperalgesia

The likelihood of developing PPP in any cardiac surgical patient may be
predicted by a combination of the following perioperative risk factors:

1. Perioperative QST markers of new TS and increased ZoH, at the site of
surgical incision, as well as decreased PPT remote to the incision.

2. Inefficiency of CPM

3. Poor preoperative quality of life, measured with EQ-5D

4. Increased levels of state anxiety and catastrophising

5. Young age

6. Surgical risk factors of increased duration of surgery and poorly managed
acute pain - but not surgical technique and extent of dissection.

Conclusion: This study suggests a potential to risk-stratify cardiac surgery
patients and allow targeted preventive intervention for PPP.



Lay Abstract (Press Release at the ASA Annual Scientific Meeting 2013)

Also available at http://www.asahqg.org/painaftercardiacsurge

Persistent pain following cardiac surgery
can be predicted and reduced

10.13.13

The incidence of chronic pain following cardiac surgery can be reduced in
patients when the drug pregabalin is used before surgery and for 14 days
post-surgery, according to a study presented at the ANESTHESIOLOGY ™
2013 annual meeting. The study also found that patients at risk of developing
long-term post-operative persistent pain could be predicted by conducting
pain sensitivity tests at the time of surgery.

“Heart disease can be painful and disabling; however, heart surgery to treat
the disease often leaves patients with a new persistent pain around the
incision site, which can be equally disabling and burdensome,” said Sibtain
Anwar, M.B., M.A., F.R.C.A., research fellow at Barts and the London School
of Medicine and Dentistry, England. “In the study we discovered a way to
identify patients at risk for developing persistent postsurgical pain, as well as
to prevent it with a regimen of pregabalin.”

In this double-blind, randomized and controlled study, 150 patients scheduled
for elective cardiac surgery were divided into three groups. The first group
received pregabalin preoperatively and for 14 days following surgery. The
second group received the same regimen of pregabalin as the first group, plus
an infusion of ketamine for 48 hours after surgery. The third group received an
entirely placebo-based regimen. All other surgical and anesthetic care was
unchanged and included patient controlled morphine following surgery.


http://www.asahq.org/painaftercardiacsurgery

Before and after surgery, quantitative sensory testing of the patients’ nervous
systems was performed. This was based on the idea that the nervous system
response to the experimental pain in the laboratory may give insight into how
it will respond to subsequent surgical pain. One technique involved inducing
pain by applying measured pressure at four points on the chest, followed by a
second “distracting” pain in the arm with the use of a very tight blood pressure
cuff. Measuring a person’s change in pain sensitivity before and after the
distracting arm pain, as well as before and after surgery, predicted whether
they would develop pain that persisted many months later, the study found.

The study also found that using pregabalin reduced the incidence of
persistent postsurgical pain to 10 percent and 8 percent of the patients at
three and six months, respectively. The incidence of pain in the placebo group
was 50 percent at three months and 46 percent at six months. The addition of
ketamine for the second group did not significantly affect pain after surgery,
the study found.

This study demonstrated that an individual’s psychology is also important.
“Interestingly, a patient’s anxiety and worry about the procedure in the days
leading up to the surgery had a direct and independent effect on his or her
acute and persistent postsurgical pain. Positive thoughts and attitude about
pain in general improved long-term pain outcomes,” explained Dr. Anwar. This
observation has the potential to help doctors identify vulnerable individuals
prior to surgery and to allow informed consent and discussion regarding risk
of chronic pain.

Chronic pain following cardiac surgery is a serious side effect of the curative
surgery. The prevalence of chronic pain after cardiac surgery ranges from 11
to 56 percent. More than 500,000 heart surgeries are performed in the United
States each year, according to the National Heart, Lung and Blood Institute.
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Chapter 1 Introduction



1.1 Overview and opening remarks

Pain after surgery is common and expected. Patients may undergo surgery to
treat pre-existing pain or present pain-free to the hospital, and experience it
postoperatively. In both cases, pain pathways are activated leading to acute
pain. Patients expect this discomfort or pain to be short lasting (1). The
management of acute pain is important, not only for comfort during recovery,

but also to facilitate early rehabilitation (2, 3).

In the majority of cases, acute postsurgical pain is treated well and does not
return. In some cases this recovery is not seen and pain persists beyond the
expected duration of tissue healing. This duration to allow a diagnosis of
persistence of pain is not clear in the literature, and can vary from two to three

months, or even to six months and beyond.

Persistent pain could represent a worse tissue injury at the time of surgery
leading to difficulty in managing pain in the immediate postoperative period and
with changes persisting beyond the expected duration of tissue healing.
Historically, this has been attributed to surgical technique and inadvertent
intraoperative nerve damage but evidence is gathering that nerve-sparing

technique may not make a significant difference to long-term pain outcomes (4).
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The evidence suggests a smaller incision and less invasive techniques may
improve analgesia in the recovery period. However the translation of this
improved analgesia into lower prevalence of persistent postsurgical pain (PPP)

is only seen in some procedures and certainly not all types of surgery (5, 6).

Patient related factors are also important. Age plays a significant role in the risk
of developing PPP (7), whereas other factors such as gender and patient

psychology are less clear, in terms of their contribution to the risk of developing
persistent pain. Acute pain following surgery is the most consistent predictor of

subsequent PPP (8)

Past experiences of pain may predispose an individual to PPP. The pain

experience is shaped by the effects of pre-existing pain - from local disease or
other remote sites - as well as psychological attitude to the potential threat of
new injury (9). These factors may explain the link between acute and chronic

pain, with some of the same risk factors potentially predisposing to both (10).

In this thesis, I will explore the transition from acute to chronic pain state using
the PPP model, and specifically sternotomy (for cardiac surgery.) In addition to
studying the mechanisms of transition, I will aim to intervene in this process, in

the form of an efficacy study of analgesics to prevent this transition.
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1.2 Cardiac surgery: the ideal surgical model?

Cardiac surgery today is common in the UK with over 30000 sternotomy cases
carried out per year. Effective analgesia in the recovery from cardiac surgery is
particularly important to prevent cardiovascular responses of tachycardia and
hypertension as well as to ensure optimal respiratory mechanics. Analgesia
facilitating recovery of lung function minimises pulmonary hypertension and
resulting ventricular dysfunction secondary to heart-lung interaction, as well as

ventricular interdependence (11).

Pain relief techniques following sternotomy vary from intravenous infusions, to
nurse-led regular administration, to patient controlled analgesia (PCA) devices
delivering opioids- typically morphine- on patient request. There is however
considerable evidence that inadequate analgesia remains a problem (3). There is
also good evidence that typically between a third and over half of all patients
undergoing first-time cardiac surgery develop PPP (12) although this may be as

high as 88%/(13).

However, compared to other examples of major surgery cited in this chapter,
PPP following cardiac surgery remains understudied. Most studies are
retrospective, whereas prospective studies tend to include small numbers of
patients and examine certain aspects of the transition to persistent pain, rather

than a comprehensive assessment of the whole process. This is likely a result of
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the high-risk nature of patients undergoing surgery and relative reluctance to

include them in detailed clinical studies.

1.3 Study structure and rationale

Persistent postsurgical pain is a common problem but yet is severely lacking in

evidence for its prediction as well as prevention (12, 14).

Previous study of PPP has tended to involve either identification of risk factors
or effectiveness studies of various preventive analgesic regimens. Even in the
study of potential risk factors, very few investigations have prospectively
assessed the whole surgical pathway of preoperative pain, perioperative
neuroplastic changes and postoperative recovery with an adequate duration of

preventive analgesia.

The recent challenge put forward by Kehlet and Rathmell in Anesthesiology is to
include all potential risk factors before, during and after surgery (14). This
editorial also calls for procedure-specific study rather than comparing across all

surgical procedures, operative techniques and underlying pathologies.

[ also set out to challenge the notions that providing adequate perioperative
analgesia alone is sufficient to block or reduction the nociceptive input to the

Central Nervous System and this in turn can reduce the likelihood of developing
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persistent pain. My aim was to demonstrate that an additional antihyperalgesic
effect of an intervention is important in preventing sensitisation and the
neuroplastic changes, which can subsequently be difficult to reverse. In order to
achieve this, it was important to test hyperalgesia and sensitisation before, as
well as following, surgery. This could also provide a mechanistic explanation for

the link between acute and persistent postsurgical pain (15).

It was also important to learn lessons from the shortcomings of previous studies,
as described above, in particular as regards control groups with minimal
confounders as well as searching for a large enough effect to power the studies

against i.e. clinically significant (rather than statistically significant) differences.

Therefore I set out to design the a series of studies to incorporate as many facets
of the above suggested ideal study as possible and in a surgical model with
moderate to severe acute pain, as well as sufficient prevalence of PPP to allow a

decrease to be feasible in a reasonably sized intervention trial.

[ originally considered thoracotomy as a model to study but the efficacy and
assessment of the regional block again remained difficult to ascertain, even with
surgically placed and directly viewed paravertebral catheters (16). It seemed
potentially difficult to eradicate variability in quality of block simply by

randomisation - without studying very large numbers. The role of the intensity
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and efficacy of afferent blockade has not been fully reported and appreciated in
previous studies (17). The other important variable in the case of surgery for
cancer is the recurrence of tumour contributing to long-term pain, as well as

treatment effects of radiotherapy and potentially chemotherapy (18).

Although cardiac patients may well be sensitised before surgery, by repeated
episodes of ischaemic chest pain, they are free of continuous background tumour
pain - as compared to other surgical models such as thoracotomy. There are also
no treatment effects from radiotherapy and chemotherapy and, although
symptoms can persist or remain untreated and refractory following surgery,

persistence of pain as a result of tumour recurrence is not a confounder.

[ considered the alternative of studying thoracotomy for benign disease such as
recurrent pneumothorax, but this would seriously limit recruitment rates due to

the relative infrequency of such cases.

[ decided to study sternotomy (for elective cardiac surgery), as there are also

several additional factors in favour of this particular surgical model.

Sternotomy involves a standardised incision in the absence (in most institutions,
including our own) of a regional anaesthesia blockade of the subarachnoid,

epidural or paravertebral spaces.
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Post cardiac surgery analgesia is usually protocoled to include patient controlled
analgesia (PCA) in the form of morphine, with adjunctive paracetamol only in the
first instance. Soon after the removal of chest drains at approximately 36 hours,
following uncomplicated surgery and recovery, the PCA is also removed and
replaced with codeine and paracetamol. It is therefore possible to ensure
adherence to this standard by developing a standardised anaesthetic and
surgical protocol, agreed to by all teams responsible for the care of patients

recruited to such studies.

In addition, cardiac surgical patients remain in hospital for a minimum of five
days and with a median length of stay, in the NHS for elective cardiac surgery, of

9 days (http://www.drfoster.com) and therefore adherence to an analgesic drug

trial can be monitored accurately during this period. Such interventions,
especially drug trials, can be difficult to ensure compliance otherwise as

demonstrated by diary-card measures in outpatient RCTs, for example (19).

The use of anxiolytic premedication for cardiac surgery in the form of
benzodiazepines is in common place. Therefore this offered a unique
opportunity to add to, rather than institute a new practice of, premedication.
This is particularly attractive as pregabalin is also an anxiolytic and ranked first

in terms of tolerability in a recent meta-analysis (20).
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1.4 Justification for a retroactive modelling study

Prior to embarking on the prospective randomised controlled study, it was
important to identify prevalence and confirm the need for further investigation
in this particular group of patients, and in our particular institution and
catchment area. In addition, this was an opportunity to model risk factors to be
tested and confirmed with subsequent prospective study. There is also some
evidence of increased risk of PPP following dissection and harvesting of chest
arteries for coronary artery grafting (21) and therefore there was an opportunity
to examine any differences in LIMA harvesting, as compared to sternotomy

without this additional dissection.

I therefore set out initially to convenience sample all patients within a six-month
cohort at our principal site of St Bartholomew’s Hospital. Retrospective study of
this nature is typically limited by under-reporting, as patients in pain are less
likely to respond to a posted questionnaire (22). Healthy, pain-free patients are
potentially more able to comply with such query and study. My intention was to
attempt to reduce this somewhat by ‘retroactively’ recruiting patients to this
study by means of direct conversation and query during a phone interview, with
patient consent and ethics committee approval, as opposed to postal approach

with paper questionnaire.
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1.5 Hypotheses and study plan

The hypothesis of this work is that PPP is both predictable and preventable.

The thesis chapters address the following specific aims:

CHAPTER ONE: Introduce the concept of PPP and set out the study plan.

CHAPTER TWO: Review the current body of literature regarding mechanisms
and risk factors for the development of PPP, as well as potential for its

prevention.

CHAPTER THREE: Identify the scale of the problem in our population and model

risk factors for the development of PPP.

CHAPTER FOUR: Trial potential preventive strategies in a prospective,

randomised, clinical trial.

CHAPTER FIVE: Study the mechanisms of transition from acute to persistent

pain with the use of QST.
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CHAPTER SIX: Identify risk factors for the development of PPP and phenotype

individuals based on preoperative and early postoperative assessment.

CHAPTER SEVEN: Summarise and discuss findings.
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Chapter 2 A review of the literature
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Surgery remains a most common and predictable source of pain (23). In
addition, long term, persistent postsurgical pain is the most common
complication following surgery, and yet the problem been only been recognised
within the last fifteen years (24). In the case of inguinal hernia repair, for
example, it is not only the most common complication but also the most serious

(25).

Fortunately, most patients do recover from surgery within weeks and return to
normal life. However, a strikingly large proportion of the surgical population
continue to describe persisting pain at post operative periods of two to six

months after surgery and beyond.

As set out in Table 1.1 prevalence of this phenomenon has been estimated to be
as high as 40-70%, following surgery involving a high risk of nerve injury (e.g.
breast surgery, thoracic surgery, limb amputation.) Rates of 10-30% are
reported following other forms of surgery (e.g. joint replacement or bowel

surgery) (12).
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Prevalence of overall

Prevalence of severe

Procedure PPP PPP (NRS = 7-10)
Amputation 30-50% 5-10%
Thoracotomy 30-40% 10%

Cardiac surgery 30-50% 5-10%

Inguinal hernia repair 10% 2-4%

Caesarian section 10% 4%

Table 2.1 Procedure specific prevalence, overall and for severe pain, as a percentage of

total patients undergoing surgery
(Adapted from Kehlet et al 2006 (12))

Improving cancer and trauma surgery survival (26) is resulting in an increasing
cohort of patients liable to develop PPP, which negatively impacts on the
functioning and quality of life. With breast cancer surgery, the pain issues last for

at least five years and affect half of all patients (18).

Cardiac surgery is no different, in this sense, although it has not been as
extensively studied as other types of surgery. The incidence of persistent pain is
not as high as thoracotomy or breast surgery but is nevertheless significant,
ranging from 30-56% (27). One recent study, however, reports a much higher
prevalence of PPP at three months of 88.3% in those undergoing LIMA

harvesting and 75.5% in valve surgery patients (13).
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Historically, acute and chronic forms of pain were viewed as separate disease
processes. The study of PPP, in particular, has contributed to the view that these
disease entities are more likely to represent a continuum, with a transition from
one to the other over time. It is also important to consider that all chronic pain
was once acute. Therefore the unique feature of PPP as a pain model, where the
onset is fixed and can be identified in advance, allows controlled and detailed
study of this transition. In addition, there is a potential for controlled assessment

of possible preventive strategies.

2.1 Defining the phenomenon

The working definition of PPP is that set out by the Aberdeen Pain Clinic, which
first described the epidemiology of this phenomenon in 1998(28). They defined
PPP as a new pain developing after surgery and persisting for at least two

months, where other causes for the pain have been excluded (29).

This arbitrary duration of two months contradicts the IASP (International
Association for the Study of Pain) definition of chronic pain in general, which is
defined as persisting for at least three months (30). An alternative, increasingly
used definition includes duration beyond expected tissue healing. However, the
lack of a clear and unanimously accepted definition for the duration of
persistence of pain does hamper comparison across the literature. Consensus is

gathering for an assessment of PPP at a sufficient time period following surgery



to allow tissue healing and recovery from acute pain - there is considerable
debate whether this is at three months or six months, but considerable
agreement that pain at two months is still likely to be a continuation of the
perioperative period of acute pain (14, 31). I have therefore chosen to consider
the three and six-month time points as the most relevant and important in my

studies.

In addition to the debate regarding duration of PPP, there is no clear threshold
for intensity of pain. Some studies include any patient with pain, while others
include only moderate pain (32) - a score of either 3 or 4 on the VAS, depending
on the study - or severe pain (usually 7 and above on the VAS.) The impact on
quality of life and function is rarely included as a defining feature, unlike other

forms of chronic pain (33, 34).

Incidences of PPP vary between different surgical procedures. However reports
about the same procedure can also vary hugely in terms of outcomes. This may

be due to different surgical technique or extent of disease.

Study design is also likely to have an influence. This has been hampered by
continuing reliance on retrospective analyses, small sample sizes (Figure 2.1)
and poor questionnaire response rates leading, in turn, to selection and response

biases. Although retrospective studies are useful for initial inquiry and



hypothesis generation, suitably powered prospective studies are necessary to

provide unbiased data, and in order to draw firm conclusions (14).

Type of surgery or pain
3000
Hernia - 1500
Gallbladder A Q 0
Breast pain (e 8] @D o
Thoracotomy QO Ooo®

Phantom pain

@@C))

0 20 40 60 80 100

Stump pain O ©°

Percent with chronic (1 year) pain

Figure 2.1 Procedure specific prevalence for PPP depending on sample size
Prevalence of PPP represented on x-axis and the total number of patients included in each study is represented

by the size of the yellow circle (Available at: http://www.medicine.ox.ac.uk/bandolier/band103/b103-4.html
Accessed on 10/12/14)

These limitations have contributed to the uncertainty regarding incidence and
prevalence within populations, as well as the wide prevalence ranges quoted for
a specific procedure. There is however little doubt that, even taking the most
conservative values, this pain syndrome causes significant morbidity, with at
least 40,000 cases per year in the UK (28). Considering the increasing numbers

of surgical cases performed per year, the socio-economic impact is significant
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and also rising. There is therefore clear consensus throughout the literature for

prospective and procedure specific study of this important phenomenon (14).

2.2 Mechanisms of transition from acute to persistent pain states

It is important to consider mechanisms of transition in general before examining

properties unique to PPP.

Acute nociceptor activity is transmitted to the dorsal horn of the spinal cord,
where peptide and amino acid transmitters activate second order neurons to the
brain. These nociceptive signals are processed in higher centres, utilising
sensory-discriminative, motivational-affective and “top-down” modulatory

pathways, in order to produce the emergent, subjective experience of pain.

However, a persistent, severe barrage of nociceptive input up-regulates both
cyclooxygenase and interleukin 1f3 in the periphery, eventually sensitising
second order neurons via the NMDA receptor. It is this sensitisation, in both the
peripheral and central nervous systems, which leads to spontaneous as well as

evoked pain, in and around the incision site.

Features of evoked pain, following sensitisation, include allodynia and

hyperalgesia (35):

Allodynia: Pain in response to a non-nociceptive stimulus e.g. light brush stroke

to skin
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Hyperalgesia: Increased sensitivity to a nociceptive stimulus. This can include
both a decrease in pain detection threshold or an increase in suprathreshold

response (e.g. pain score.) Hyperalgesia can also be described in terms of:

Primary hyperalgesia: occurs in the periphery as a result of incision or surgical
injury, in and around the wound. Release of local mediators sensitises a
multitude of nocioceptors in the primary afferent neuron (figure 2.2.) This
results not only from inflammation but also secondary to tissue ischaemia and
acidosis. As one example, low pH activates several receptors and ion channels
responsible for transducing nociception e.g. potassium channels, vanilloid

(TRPV1, etc.) and purinergic receptors.
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Figure 2.2 Peripheral sensitisation: ligands and sites of action

(PGE2= prostaglandin E2, Ach= acetylcholine, ATP= adenosine-5-triphosphate,
[L-6= interleukin-6, TNF= tissue necrosis factor, TRPV-1 = transient receptor
potential V1, P2X = purinergic receptor subtype P2X)

Secondary hyperalgesia: is observed in adjacent uninjured tissue as a result of

changes within the dorsal horn (figure 2.3.) Prolonged firing of nociceptors in

the periphery leads to the release of glutamate, the major excitatory

neurotransmitter, in the central nervous system (35). Multiple receptors exist on

the pre and post-synaptic membrane for glutamate: G-protein coupled,
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metabotropic (mGluR) receptors, AMPA receptors - particularly for brief stimuli
- and the NMDA receptor for persistent, high frequency c-fibre stimulation. The
latter is blocked by magnesium ion at rest but this block is removed by, in
particular, substance P and CGRP released from the c-fibre. The combined effect
of this stimulation is to shift the dose response curve to the left leading to an

enhanced sensitivity of dorsal horn neurons to peripheral inputs.
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Figure 2.3: Mechanisms of central sensitisation at the dorsal horn and two potential
targets for prevention

NK1= Neurokinin 1 receptor, 5-hydroxytryptamine receptor, GABA= gabba
aminobutyric acid, NMDA=N-methyl-D-aspartate acid receptor, VGCC= voltage
gated calcium channel,

This increased sensitivity or amplification may be seen in response to changes in

both the magnitude and frequency of stimulus, with the latter observed wind-up
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in the electrophysiological setting, with its in vivo correlate of temporal

summation, as observed clinically in response to repetitive stimulation.

These changes spread segmentally around the primary site before involving
supraspinal pathways, via effects on descending facilitation, in particular. This
leads to increased sensitivity at the incision site or entirely remotely -
eventually, becoming independent of the peripheral pain input, with non-painful
stimuli eliciting pain (allodynia.) These changes are termed ‘spreading’ or
central sensitisation, as illustrated in figure 2.4 (36). Activated microglia
further maintain this state of excitation (35, 37, 38) by further up-regulating
COX-2 to produce PGE2, as well a