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N ABSTRACT

Despite recognition of the prevalence of post-
operative pain, and improvements in pain
management techniques, poorly controlled
postoperative pain remains a major unre-
solved challenge globally. Traditional analge-
sics and interventions are often ineffective or
partially effective in the treatment of postop-
erative pain, resulting in a chronic pain con-
dition with related socio-economic impacts
and reduced quality of life for the patient. The
relationship between gut microbiota and neu-
rological diseases, including chronic pain, has
received increasing attention. The gut micro-
biome is a crucial modulator of visceral pain,
whereas recent evidence suggests that gut mi-
crobiota may also play a critical role in many
other types of chronic pain, including inflam-
matory pain, headache and neuropathic pain.

Keywords: anesthesia, drugs, gut microbi-
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O TEXT

Despite recognition of the prevalence of post-
operative pain, and improvements in pain
management techniques, poorly controlled
postoperative pain remains a major unre-
solved challenge globally. An estimated 71%
and 51% of patients experience moderate to
severe pain after surgery in in-patient and
outpatient settings, respectively. Inadequate-
ly controlled pain after surgery is associated
with significant perioperative morbidity in-
cluding myocardial infarction and pulmonary
complications."® The most common triggers
of somatic pain are traumatic injuries and sur-
gery. Extensive research has been conducted
over decades into the nature and characteris-
tics of surgical pain. Pre-clinical studies have
been an important element of this research.
Early animal models of incisional pain and
plantar incision in rodents representing surgi-
cal trauma, did not completely represent the
complex pathophysiology of surgical pain.'”#
Traditional analgesics and interventions are
often ineffective or partially effective in the
treatment of postoperative pain, resulting in a
chronic pain condition with related socio-eco-
nomic impacts and reduced quality of life for
the patient. Such chronic pain which occurs af-
ter surgery is referred to as Persistent Post-Sur-
gical Pain."*!? The complex ecosystem that is
the gastrointestinal microbiota plays essential
roles in the maintenance of the healthy state of
the host. A disruption to the balance of this mi-
crobiome has been implicated not only in gas-
trointestinal disease but also neurological dis-
orders including chronic pain. The influence
of the gut microbiome is well documented in
the context of visceral pain from the gastroin-
testinal tract while a greater understanding is
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emerging of the impact on inflammatory pain
and neuropathic pain.'”*'* The gut microbi-
ome is an essential source for driving immune
maturation and maintaining appropriate im-
mune response. Given that inflammatory pro-
cesses have been implicated in postoperative
pain, aberrant microbiome profiles may play
a role in the development of this type of pain.
Furthermore, the microorganisms in our gut
produce metabolites, neurotransmitters, and
neuromodulators which interact with their
receptors to regulate peripheral and central
sensitization associated with chronic pain.*%*
Microbiota-derived mediators can also regu-
late neuroinflammation, which is associated
with activation of microglia as well as infil-
tration by immune cells, known to modulate
the development and maintenance of central
sensitization. Moreover, risk factors for de-
veloping postoperative pain include anxiety,
depression, and increased stress response.’!>18
The relationship between gut microbiota and
neurological diseases, including chronic pain,
has received increasing attention. The gut mi-
crobiome is a crucial modulator of visceral
pain, whereas recent evidence suggests that
gut microbiota may also play a critical role
in many other types of chronic pain, includ-
ing inflammatory pain, headache, neuropath-
ic pain, and opioid tolerance.’* Numerous
signaling molecules derived from gut micro-
biota, such as by-products of microbiota, me-
tabolites, neurotransmitters, and neuromodu-
lators, act on their receptors and remarkably
regulate the peripheral and central sensitiza-
tion, which in turn mediate the development
of chronic pain.#% Gut microbiota-derived
mediators serve as critical modulators for
the induction of peripheral sensitization, di-
rectly or indirectly regulating the excitability
of primary nociceptive neurons. In the cen-
tral nervous system, gut microbiota-derived
mediators may regulate neuroinflammation,
which involves the activation of cells in the
blood-brain barrier, microglia, and infiltrat-
ing immune cells, to modulate induction and
maintenance of central sensitization.!**?
Neuropathic pain is also induced by periph-
eral nerve trauma which can be studied in
the pre-clinical setting using the rat model of

spared nerve injury. Using this model, it was
noted that an altered gut microbiota compo-
sition was associated with anhedonia behav-
ior in susceptible compared to sham-operated
rats or resilient rats.! Neuropathic pain can
develop after nerve injury, when deleterious
changes occur in injured neurons and along
nociceptive and descending modulatory path-
ways in the central nervous system.*?? The
myriad neurotransmitters and other substanc-
es involved in the development and mainte-
nance of neuropathic pain also play a part in
other neurobiological disorders. This might
partly explain the high comorbidity rates for
chronic pain, sleep disorders, and psycholog-
ical conditions such as depression, and why
drugs that are effective for one condition may
benefit others.’® Neuropathic pain can be dis-
tinguished from non-neuropathic pain by two
factors.’»® Firstly, in neuropathic pain there
is no transduction. Secondly, the prognosis
is worse: injury to major nerves is more like-
ly than injury to non-nervous tissue to result
in chronic pain. In addition, neuropathic pain
tends to be more refractory than non-neuro-
pathic pain to conventional analgesics, such
as non-steroidal anti-inflammatory drugs and
opioids. Investigations are needed to deter-
mine the specific role of the gut microbiome
in this type of pain which may help inform the
development of preventative interventions as
well as management strategies to improve pa-
tient outcome.'*** Therefore, further studies
to evaluate the relationship between the gut
microbiome, brain axis and pain are needed.
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