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Background

Chronic pain significantly worsens the quality of life. Unlike neuropathic,
musculoskeletal, postoperative pain, and cancer pain, chronic primary pain cannot be
explained by an underlying disease or condition, making its treatment arduous.

Objectives

This manuscript intends to provide a comprehensive review of the use of ketamine as a
treatment option for specific chronic pain conditions.

Study Design

A review article.

Setting

A review of the literature.

Methods

A search was done on PubMed for relevant articles.

Results

A comprehensive review of the current understanding of chronic pain and the treatment
of specific chronic pain conditions with ketamine.

Limitations

Literature is scarce regarding the use of ketamine for the treatment of chronic pain.

Conclusion

First-line treatment for many chronic pain conditions includes NSAIDs, antidepressants,
anticonvulsants, and opioids. However, these treatment methods are unsuccessful in a
subset of patients. Ketamine has been explored in randomized controlled trials (RCTs) as
an alternative treatment option, and it has been demonstrated to improve pain
symptoms, patient satisfaction, and quality of life. Conditions highlighted in this review
include neuropathic pain, fibromyalgia, complex regional pain syndrome (CRPS),
phantom limb pain (PLP), cancer pain, and post-thoracotomy pain syndrome. This review
will discuss conditions, such as neuropathic pain, fibromyalgia, complex regional pain
syndrome, and more and ketamine’s efficacy and its supplementary benefits in the
chronic pain patient population. As the opioid crisis in the United States continues to
persist, this review aims to understand better multimodal analgesia, which can improve
how chronic pain is managed.

INTRODUCTION it persists for longer than three months. It is a multifac-
torial issue, affecting roughly 20% of the world’s popula-
tion. Chronic pain is responsible for over 15% of patient

Chronic pain is discomfort that continues beyond the usual = . . T . . ‘
visits and is associated with significant disruptions in the

timeframe for healing, becoming classified as chronic when
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quality of life and emotional well-being.! Chronic pain pa-
tients with resulting limited activity are also more likely to
have comorbid conditions such as depression, COPD, and
diabetes.2 There are many types of chronic pain, generally
categorized between primary and secondary pain. Chronic
primary pain cannot be explained by another condition or
disease process. In contrast, other forms of chronic pain in-
clude neuropathic, musculoskeletal, cancer, postsurgical or
posttraumatic, and visceral pain.3 Despite being a common
condition, treatment for chronic pain has been challenging.
Pharmacological, procedural, and behavioral interventions
vary depending on chronic pain type, but many patients
fail to experience a significant pain reduction. For example,
randomized clinical trials (RCTs) studying pharmacother-
apy in chronic neuropathic pain found that less than half of
patients experience clinically significant pain relief.# Fur-
thermore, many chronic pain treatments have concerning
adverse effects, particularly opioids.>

EPIDEMIOLOGY

In the United States alone, as many as 34.7% of females and
26.7% of males experience chronic pain.2 A survey in In-
dia also found that 63% of respondents reported their pain
as severe rather than mild or moderate amongst patients
with chronic pain.® The socio-demographic, psychological,
and genetic risk factors can all play a role in determining
chronic pain outcomes for patients worldwide.” In a 2016
survey conducted by the National Center for Health Statis-
tics, high-impact chronic pain was associated with increas-
ing aging. When corrected for age, the highest prevalence
of chronic pain was found in previously employed women,
those living in or near poverty, and those living in rural ar-
eas.

In contrast, the prevalence was lower among adults with
at least a bachelor’s degree.8 While the exact mechanism
of chronic pain has not yet been elucidated, studies have
demonstrated a genetic link to certain chronic pain
states.”? Chronic pain can ultimately affect many aspects of
an individual’s mental, emotional, and physical well-being.
Chronic pain patients report detrimental changes to their
quality of life, such as the inability to exercise, poor sleep,
and more difficulty maintaining relationships with others.®
As a result, it has been found that 20-50% of chronic pain
patients have comorbid depression.1? Chronic pain also has
a marked financial impact on society, costing €200 billion
annually in Europe and $150 billion annually in the United
States.”

RISK FACTORS

As a condition with many etiologies, there are many risk
factors associated with chronic pain. A well-established fac-
tor is increased age. With aging, individuals are more likely
to acquire other comorbidities that can lead to or exacerbate
chronic pain.!0 Studies have found that being female is an-
other risk factor. Females reportedly have different anal-
gesic sensitivity compared to men. This includes lower pain
tolerance, lower pain thresholds, and higher intensity sen-
sation to noxious stimuli.”1! In addition, environmental

and behavioral risk factors may play a role in chronic pain
states. Inadequate vitamin-D levels pose a risk factor for
chronic pain as low levels are suggested to cause endocrine,
neurological, and immunological changes that can affect
chronic pain.10 The National Comorbidity survey reported
that children who have been victims of abuse are also more
likely to develop chronic pain, as both abuse and pain are
linked to depression.!2 Additionally, the presence of other
morbidities increases the risk of experiencing chronic pain.
After adjusting for socioeconomic factors, studies have
shown an increased co-occurrence of chronic pain with car-
diovascular disease, depression, cancer, neurological condi-
tions, and chronic pulmonary disease.!? Chronic pain can
also affect these comorbidities, as patients who report se-
vere chronic pain are twice as likely to die from ischemic
heart disease and COPD than those without chronic pain.”
Finally, sleep disorders have been shown to have a bidirec-
tional effect on chronic pain, in that chronic pain causes
poor sleep, and poor sleep increases the level and duration
of pain.10,13

TYPES OF CHRONIC PAIN

The International Association for the Study of Pain (IASP)
contacted the World Health Organization (WHO) and estab-
lished a Task Force for the Classification of Chronic Pain.
Temporally, they define chronic pain as pain that lasts or re-
curs for a period longer than three months. Chronic primary
pain describes pain in one or more anatomic regions that
another condition cannot explain, meant to better classify
a large subset of chronic pain with an unknown etiology.
Other subsets of chronic pain pertain to another primary
condition or known insult, of which pain is a symptom. This
includes chronic cancer-related pain, chronic postsurgical
or posttraumatic pain, chronic neuropathic pain, chronic
headache or orofacial pain, chronic visceral pain, and
chronic musculoskeletal pain.3 Determining the correct
type of chronic pain in a patient is essential. Different eti-
ologies and resultant diagnoses correspond to different
treatment practices, and individual circumstances may fur-
ther guide the proper course of care.

PATHOPHYSIOLOGY OF CHRONIC PAIN

The nociceptive system serves a vital protective function for
the human body. It is responsible for sensing and process-
ing noxious stimuli and ultimately potentiating a response
to possible physiological threats. Noxious mechanical and
thermal stimuli and endogenous and exogenous chemical
mediators activate nociceptors, which in turn trigger path-
ways that produce the subjective experience of pain.14 The
nociceptive system is dynamic and has peripheral and cen-
tral mechanisms to modulate sensitization to stimuli.!> Ex-
amples of this adaptability include peripheral and central
sensitization and central modulation. Chronic pain is the
dysfunction of this nociceptive system and negates the pur-
pose of pain as a marker of potential immediate physiologic
injury.16

Central modulation of pain is a descending network of
endogenous mechanisms within the central nervous system
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(CNS) that diminish pain through net inhibition.17 Studies
have demonstrated that neurons within the rostral ventro-
medial medulla (RVM) can change the experience of pain by
modulating nociceptive traffic through their projections to
the medullary or spinal dorsal horns.18 Although the exact
mechanism is unknown. The descending pathway is said to
be opiate sensitive given that pain-relieving drugs, such as
opiates and NSAIDs, have been shown to mimic or enhance
the modulatory circuit’s effects at the spinal cord level.!8

Sensitization is the prolonged but reversible increase in
excitability and synaptic efficacy of neurons in nociceptive
pathways triggered by nociceptor stimulation.!> Examples
of this are allodynia, pain in the presence of a stimulus that
usually does not trigger pain, and hyperalgesia increased
pain due to a stimulus that already provokes pain.l> At the
molecular level, these changes are seen both centrally and
peripherally. Peripheral sensitization occurs at the level of
the nociceptor and is marked by an increase in transcrip-
tion, translation, and insertion of transducer channels and
voltage-gated ion channels.!4 Central sensitization refers
to synaptic plasticity were alterations in ion channel kinet-
ics and properties, increased density of ionotropic recep-
tors, and activation of kinases both pre-and post-synapti-
cally allow for amplification of nociceptive signaling.14

N-methyl-D-aspartate (NMDA) receptors, particularly
those with the NR2B subunit, are believed to be a central
component of this increased excitability.l? Studies have
demonstrated increased peripheral expression of NMDA re-
ceptors as a consequence of tissue and nerve injury.29 Cen-
trally, the composition of NMDA subunits within the spinal
cord has been found to change due to increased nociceptive
signaling — with the expression of NR2B subunit prefer-
entially increased.2! The pathway for increased expression
and composition of NMDA receptors is not entirely under-
stood but is believed to involve possible transcriptional,
translational, and posttranslational modulation secondary
to nociceptor stimulation.!®

The ICD-11 organizes chronic pain into seven clinical
subgroups based on etiology; however, the pathophysiology
of chronic pain shares the common theme of increased sen-
sitivity irrespective of the initial physiologic assault.l;14
While acute pain is the result of nociceptor signaling in
the presence of noxious stimuli. Chronic pain is believed to
result from continued signaling, even in the absence of a
stimulus, due to increased sensitivity.14 Peripheral and cen-
tral sensitization of the nociceptive system is thereby be-
lieved to be crucial to the pathophysiology of chronic pain
since these networks amplify clinical pain symptoms even
in the reduced presence or absence of nociceptor stimula-
tion.1? Pharmacological therapies that can target these sen-
sitization pathways, such as blocking NMDA receptors, may
be influential in tackling the treatment of chronic pain.

HISTORY AND GENERAL CLINICAL
APPLICABILITY OF KETAMINE

Ketamine was synthetically developed in 1962 and was first
tested clinically as a fast-acting general anesthetic in pris-
oners two years later.22 At the time, it was hoped that ket-
amine’s short half-life and relatively minor behavioral tox-

icity would allow it to become a replacement for
phencyclidine (PCP), which was removed from the US mar-
ket in 1965.23 Ketamine was approved by the FDA in 1972
and quickly became popular as a battlefield anesthetic in
the Vietnam War.

In the decades that followed, the drug waned in usage
as an anesthetic due to its adverse psychomotor effects.22
These side effects, such as delirium, dysphoria, and hal-
lucinations, along with the drug’s emergence as a popular
recreational drug, lead the DEA to classify ketamine as a
Schedule III Controlled Substance in 1999.24 The drug in-
stead became a popular veterinary anesthetic, and in hu-
mans became more often used as an anesthetic for pediatric
patients than adults.2>

In recent years, interest in the therapeutic uses of keta-
mine has broadened to include possible analgesic and psy-
chiatric indications.25 In emergency rooms across the coun-
try, ketamine has become a drug of choice to treat acute
pain refractory to standard analgesic regimens or in pa-
tients with opioid dependence.2é In chronic pain condi-
tions, such as mixed neuropathic pain, complex regional
pain syndrome (CRPS), and phantom limb pain, ketamine
is an effective long-term treatment option.2’ Compelling
evidence has also been found in seven placebo-controlled,
double-blind, randomized clinical studies of possible anti-
depressant effects of ketamine.28,29

Despite recent discoveries, ketamine remains only ap-
proved by the FDA as an anesthetic agent for surgical and
diagnostic procedures.30 Since ketamine is widely available,
inexpensive, and generic - it is unlikely and cost-prohibi-
tive that any new indication will be approved in the years
ahead.?5 Nevertheless, off-label usage and research will
likely continue to grow as ketamine becomes a more widely
sought-after therapeutic agent for chronic pain, mood dis-
orders, and refractory pain.

MECHANISM OF ACTION

Ketamine is a chiral arylcyclohexylamine derivative, which
is well known for its NMDA receptor antagonism.3! The
NMDA receptor is found solely on neurons. It is unique in
that it requires the binding of two ligands, glutamate and
glycine, and membrane depolarization to open its associ-
ated ion channel. Ketamine binds to the dizocilpine site
on the NMDA receptor, which is usually the site of magne-
sium ion binding.3! Under normal conditions, depolariza-
tion causes the removal of the magnesium from the site,
which allows for the opening of NMDA ion channels.32:33
When these conditions are met, the opening of NMDA re-
ceptor ion channels allows for an influx of cations into the
neuron, thereby propagating signal transduction cascades.
The binding of ketamine thus inhibits the opening of the
NMDA channel in a non-competitive manner, preventing
signal transduction by the neuron.

The NMDA receptor plays a role in many critical func-
tions of the CNS, most notably excitatory synaptic trans-
mission, plasticity, and neurodegeneration in the central
nervous system.32 The NMDA receptor is also believed to
play an essential role in inducing and maintaining sen-
sitization during pain at each level of the neural axis.20
As discussed previously, the number of NMDA receptors
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peripherally and composition of NMDA subunits centrally
are believed to be responsive to increased nociceptive sig-
naling, thereby potentiating chronic pain.20 In addition,
NMDA receptors have also been found to be integral compo-
nents of visceral pain pathways.20 Given the possible role of
NMDA receptors in chronic pain networks, and the ability of
ketamine to non-competitively inhibit the receptor, there is
increased interest in the drug’s use to treat chronic pain.2’
Additionally, it is believed that ketamine may increase cen-
tral modulation also to inhibit chronic pain pathways.3*
Nevertheless, given the other important roles NMDA recep-
tors play within the CNS and the negative effects of their in-
hibition centrally, such as ataxia and memory impairment,
ongoing research is attempting to determine more specific
ways to target the NMDA receptor.20,32,33,35

Ketamine also has clinically significant interactions with
other receptors, but these are largely weaker than its NMDA
receptor antagonism.31:3% Among opioid receptors, keta-
mine has been found to interact at several receptors - al-
though its exact interaction is still not fully understood.3!
For example, ketamine is believed to be an antagonist at -
receptors while an agonist at k -opioid receptors. At sub-
anesthetic doses, ketamine has been found to potentiate
opioid-analgesia through NMDA antagonism - but at anes-
thetic concentrations, it has been found to exert antago-
nistic actions at both p and « receptors, possibly.3> Other
possible effects attributed to ketamine include an inhibitory
effect on catecholamine uptake in shock patients, anti-tu-
mor effects through NMDA antagonism, and anti-inflam-
matory effects by possibly inhibiting transcription factor
activator protein-1 (TFAP-1) and nuclear factor- k B (NF-
K B).35

CLINICAL APPLICABILITY IN CHRONIC PAIN

The use of ketamine to treat chronic pain has been widely
studied among several conditions, including complex re-
gional pain syndrome, fibromyalgia, chronic neuropathic
pain, post-thoracotomy pain, cancer pain, and phantom
limb pain. The major clinical trials performed to study each
of these conditions are discussed below.

COMPLEX REGIONAL PAIN SYNDROME

Complex regional pain syndrome (CRPS) is a form of
chronic limb pain that typically arises following limb
trauma. The pain can be categorized as burning, throbbing,
or aching and may be combined with swelling, temperature
changes, and even structural variations in the skin or bones
of the affected limb. Its diagnosis notably excludes cases
where a nerve injury is established, even though its clinical
presentation may resemble nerve injury. The pathophysiol-
ogy of CRPS is not well-understood.3¢ Commonly used pain
treatments, including NSAIDs, opioids, antidepressants,
muscle relaxants, and antiepileptics, have not been proven
to be effective in the management of CRPS.37,38

Sigtermans et al. studied the use of a 4.2-day continuous
infusion of low-dose ketamine in patients with CRPS-1 who
responded poorly to standard pain treatment. Low-dose ke-
tamine was able to significantly lower pain scores until

week 12 in comparison to placebo. However, there was no
difference in functional status between the two groups.38
Schwartzman et al. also examined the use of low-dose ke-
tamine infusion in patients with CRPS whose pain was in-
tractable for at least six months. Results showed that a
daily 4-hour low-dose ketamine infusion for ten days sig-
nificantly reduced overall pain, burning pain, and pain to
light touch compared to placebo after 12 weeks. Yet, similar
to the Sigtermans et al. study, there was no significant dif-
ference in activity level, quantitative sensory testing, and
quality of life between the ketamine and control groups.3?

Both studies’ participants experienced side effects such
as headache and nausea, with Sigtermans et al. finding a
higher incidence of nausea in the ketamine group. Sigter-
mans et al. also reported an increased rate of psy-
chomimetic side effects in the ketamine group, with two
participants stopping their infusions prematurely to the
severity of psychomimetic effects.3® Schwartzman et al. did
not have any reports of agitation, blurred vision, delusions,
hallucinations, or out-of-body experiences in either
group.3? Despite the reported lack of improvement in qual-
ity of life and potential side effects, ketamine’s effective-
ness in reducing pain for CRPS patients suggests that it
should be strongly considered as a treatment option when
CRPS pain is refractory to standard treatment.

FIBROMYALGIA

Fibromyalgia is a generalized pain disorder characterized
by widespread pain and tenderness. It is distinguished from
CRPS by a lack of association with trauma and a more dif-
fuse area of involvement. Its pathogenesis is not fully un-
derstood.40-42 Treatment modalities include pharmaco-
logic and non-pharmacologic therapies. Pharmacologic
options include tricyclic antidepressants (TCAs), selective
serotonin reuptake inhibitors (SSRIs), serotonin-norepi-
nephrine reuptake inhibitors (SNRIs), and antiepileptics.
Non-pharmacologic treatments include exercise, massage
therapy, and acupuncture. Despite the variety of treat-
ments, their success in reducing fibromyalgia pain is mixed
and can vary from patient to patient.41:42

Toppers et al. investigated the use of 30-minute rela-
tively high-dose IV ketamine infusions in patients with fi-
bromyalgia, using midazolam infusions for its control
group. While ketamine and midazolam both significantly
improved pain scores, there was no significant difference in
pain relief between the two groups. There was also no sig-
nificant difference in functional status or quality of life be-
tween groups after eight weeks. Toppers et al. also reported
a significantly higher incidence of drowsiness and drug high
in the ketamine group compared to midazolam.43 These re-
sults suggest that ketamine is unlikely to be an advisable
treatment for fibromyalgia.

CHRONIC NEUROPATHIC PAIN

Chronic neuropathic pain arises from a lesion or disease af-
fecting the somatosensory system.#4 It has been described
as a tingling, burning, or shooting sensation of pain yet pre-
sents with a paradoxical sensory loss in the area of pain.
Treatment options include antidepressants (in particular
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TCAs), anticonvulsants, topical anesthetics, and opi-
oids. 4546

Vranken et al. studied the use of 50mg and 75mg trans-
dermal ketamine patches in patients with central neuro-
pathic pain refractory to standard treatments. Each par-
ticipant received an iontophoresis patch that continuously
delivered medication for 24-hours and was changed daily
for five days. There was no significant difference in pain
reduction between the placebo and 50mg and 75mg keta-
mine groups one week after treatment introduction. While
the quality of life and health status significantly improved
in the 75mg ketamine group compared to placebo, it did
not improve in the 50mg ketamine group 1 week following
treatment. The side effects were reportedly mild and tran-
sient. The placebo and 50mg ketamine groups had similar
cases of sedation, dizziness, vivid dreams, headache, and
erythema, while the 75mg ketamine group reported in-
stances of nausea and vomiting.4” Rigo et al. compared the
use of oral methadone and oral ketamine in patients with
chronic neuropathic pain for at least six months refractory
to standard treatment options. Participants received either
methadone, ketamine, or methadone plus ketamine for a
total of 90 days. All study groups were able to decrease pain
scores from baseline by at least 40%. However, the keta-
mine-only group had a significant reduction in pain scores
relative to the other groups. While there was no significant
reduction in burning pain with any groups, there was a sig-
nificant reduction in allodynia in the ketamine-only group.
The incidence of side effects was similar between all groups,
but there was a significantly higher incidence of somno-
lence in the methadone-only group compared to the other
groups.48

An alternative approach to treating pain is the employ-
ment of conditioned pain modulation (CPM), the inhibition
of neuropathic pain using a noxious stimulus in a remote
area. Niesters et al. studied the use of IV ketamine and
morphine in conjunction with CPM in patients with neuro-
pathic pain caused by peripheral neuropathy. Participants
received infusions of ketamine, morphine, or normal saline.
All participants received CPM before treatment and 20 min-
utes after. CPM was performed by immersing an unaffected
leg in cold water. The ketamine and morphine groups had
significant reductions in pain in conjunction with CPM,
while the control group did not. The magnitude of pain re-
duction did not differ between the ketamine and morphine
groups, although the ketamine group experienced a longer
pain relief than the morphine group. The only reported side
effect was nausea, which was more common in the mor-
phine group than the ketamine group.34

Magnesium sulfate is a physiological blocker of NMDA
receptors used in combination with ketamine to treat pain
following scoliosis surgery and bariatric surgery.4%-50 Pick-
ering et al. studied the use of ketamine and magnesium for
patients with chronic neuropathic pain refractory to stan-
dard treatment. A within-subjects design was used so that
each participant received IV ketamine, co-administration of
IV ketamine and magnesium, and IV normal saline in a ran-
dom order every 35 days. They found no significant differ-
ence in pain intensity, emotional status, sleep, quality of
life, or patient satisfaction between the three treatments.
Nausea and fatigue were reported in all three treatment op-

tions, and ketamine-only and ketamine-magnesium groups
also reported feelings of drunkenness, headache, high blood
pressure, dizziness, and hot flashes.>!

Amr examined chronic neuropathic pain in patients with
spinal cord injuries. Participants received oral gabapentin
and either a daily 5-hour infusion of ketamine or placebo
for seven days. There was a significant reduction in pain
scores in the ketamine-gabapentin group until week 3 of
the 1-month study, at which point there was no significant
difference in pain. Patients from both gabapentin-only and
ketamine-gabapentin groups endorsed dizziness, tiredness,
and lack of coordination, and few patients receiving keta-
mine endorsed short-lasting delusions after infusions.52

Looking into a different subset of patients, Mitchell &
Fallon studied IV ketamine for the treatment of neuropathic
pain caused by critical limb ischemia secondary to periph-
eral vascular disease. Participants were continued on the
treatment regimen they followed before enrollment and
then received either a 4-hour infusion of ketamine or
placebo for one day. The ketamine group reported a sig-
nificant improvement in pain relief across the duration of
the 5-day study. The ketamine group also significantly im-
proved activity levels and enjoyment of life compared to
the control group. However, there was no difference in total
opioid requirements within 24-hours between the two
groups. The ketamine group experienced a higher incidence
of heightened emotions, although there was no difference
in instances of nausea between both groups.>3

Overall, these results indicate that ketamine should be
considered a pharmacologic option for chronic neuropathic
pain refractory to standard treatment. The positive effect of
its potential pain reduction should be weighed in conjunc-
tion with the variety of side effects it may cause and the eti-
ology of the patient’s neuropathic pain.

POST-THORACOTOMY PAIN SYNDROME

Post-thoracotomy pain syndrome (PTPS) is pain that per-
sists or recurs along the thoracostomy incision for at least
two months following surgery.># It resembles neuropathic
pain and is characterized by burning pain with localized
tenderness around the incision site. PTPS can also affect
respiratory activity by restricting sputum clearance and
ventilatory capacity, affecting long-term patient outcomes.
Current management involves intra-operative thoracic
epidural analgesia with a local anesthetic or potent opioid.
The aim is to prevent the processing of pain before the sur-
gical insult.55

Mendola et al. studied the use of a 60-hour ketamine
infusion as an adjuvant to thoracic epidural analgesia in
patients undergoing thoracostomy. The ketamine infusion
resulted in a significant reduction in pain compared to
placebo during the first month following the procedure.
However, there was no significant difference in pain control
between ketamine and control groups during months 3 and
6.56 Joseph et al. also investigated ketamine as an adjuvant
to thoracic epidural analgesia in patients undergoing thora-
cotomy, but with a 48-hour infusion. There was no signifi-
cant difference between the two groups in consumption of
analgesics, early postoperative pain, pulmonary function,
or residual pain.25 Dualé et al. investigated the use of ke-

Health Psychology Research 5



Ketamine for the Treatment of Chronic Pain: A Comprehensive Review

tamine as an adjuvant to intrapleural ropivacaine in pa-
tients undergoing thoracostomy. Ketamine provided signif-
icant immediate postoperative pain control, but there was
no difference in neuropathic pain or intake of analgesics at
six weeks and four months after surgery.>7 Side effects were
wide-ranging in all three studies, but there was no signifi-
cant difference in incidence. These studies suggest that ke-
tamine is not a particularly effective adjuvant treatment to
prevent PTPS.

CANCER PAIN

Cancer pain can derive from cancer itself, such as bone
metastasis or tumor mass effect, or treatment-related ad-
verse effects, such as chemotherapy-induced peripheral
neuropathy, chemotherapy- or radiation-induced mucosi-
tis, and postoperative wound pain. The mainstay of phar-
macologic treatment options includes NSAIDs for mild to
moderate pain, opioids for more severe somatic pain, and
antiepileptics for neuropathic pain, with antidepressants,
anxiolytics, and steroids sometimes used supplementarily.
Procedural interventions like radiation for bone metastasis
and nerve blocks are typically performed when a patient’s
pain is proven refractory to pharmacologic therapy.8

Unfortunately, there is a limited significant clinical ap-
plication for ketamine in relieving cancer pain. Hardy et al.
found no clinical advantage in the administration of subcu-
taneous ketamine compared to placebo. Pain scores in both
treatment groups improved over time but were not signif-
icantly different. Furthermore, the ketamine group experi-
enced a more significant increase in toxicity. More patients
withdrew from the treatment group due to this toxicity and
the greater occurrence of adverse events such as psycho-
toxicity and injection site reactions.>® The lack of signif-
icant pain reduction compared to placebo combined with
the risk of side effects and toxicity suggest that ketamine
should not be administered to treat chronic cancer pain.
These results carry over into the category of cancer pain in
the palliative care population. Salas et al. observed that pal-
liative care patients had no significant improvement in pain
with the use of IV ketamine in addition to morphine in com-
parison to a control group of morphine alone. They hypoth-
esized that this was most likely due to patients’ long his-
tories with pain-relieving treatment that may have caused
altered responsiveness and metabolism of ketamine. In
contrast to the non-palliative cancer patient group in Hardy
et al., the co-administration of ketamine in palliative care
cancer patients was not associated with an increase in ad-
verse events.60

PHANTOM LIMB PAIN

Phantom limb pain (PLP) is a form of chronic pain occurring
in a body part no longer present. It appears in over half
of all amputees and is usually characterized as neuropathic
pain.6! There is no established prevention modality, as pe-
rioperative epidural analgesia and ketamine failed to pre-
vent its development.®2.63 For treatment, RCTs have shown
mixed results with gabapentin and positive results with oral
and IV morphine.64-67

Nikolajsen et al. found a decrease in PLP with IV keta-

mine when compared to placebo. Ketamine reduced wind-
up-like pain (pain from repeatedly tapping the skin area
with abnormal sensation) and increased the threshold for
pressure pain.®® Following this study, other drugs acting
as NMDA antagonists were investigated for the treatment
of PLP. Dextromethorphan was found to be effective, but
memantine was not.%9-72 A crossover study also demon-
strated PLP reduction with calcitonin.” Eichenberger et al.
studied ketamine and calcitonin as treatment modalities.
They found that ketamine significantly reduced PLP, calci-
tonin, and placebo did not, and co-administration of keta-
mine and calcitonin was not significantly different from ke-
tamine alone in reducing pain intensity. However, only the
combination of ketamine and calcitonin improved average
and peak pain intensity 48-hours after treatment.”* These
results support the administration of ketamine infusions for
the reduction of phantom limb pain.

DEPRESSION, A COMPONENT OF CHRONIC PAIN

Ketamine has been found to play a role in relieving de-
pressive symptoms. Unlike other antidepressants that re-
quire weeks to months of continuous therapy, the effects
of IV ketamine can be observed hours to days after treat-
ment.”>76 In fact, Zarate et al. found that ketamine can im-
prove depressive symptoms in as little as 110 minutes and
can last up to one week after a single infusion.”® It should
be noted that despite ketamine’s week-long effects, its anti-
depressive action was not significantly different from mi-
dazolam.”7 The mechanism by which ketamine alleviates
depressive symptoms was unknown until Li et al. deter-
mined a connection to the mammalian target of rapamycin
(mTOR). More specifically, ketamine was found to activate
mTOR in the prefrontal cortex of mouse models quickly.
Other antidepressants in this study, such as imipramine
and fluoxetine, did not impact mTOR signaling, highlight-
ing ketamine’s novel mechanism of action in modulating
depression. This increase in mTOR signaling allowed for in-
creased synthesis in pre-and post-synaptic proteins that al-
low for new synapse and spine formation within 24-hours
in the prefrontal cortex of mice. Since depression causes at-
rophy and degeneration of pyramidal neurons in the pre-
frontal cortices, this may be the main mechanism by which
ketamine treats depression.”8

In addition to the chronic treatment of depression, ke-
tamine can also be used in the acute setting of suicidal
ideations and attempts. Ligeti et al. found that an IV keta-
mine push of 0.5mg/kg effectively reverses depressive and
suicidal symptoms post-suicide attempt within minutes.
The effects of pushed ketamine lasted up to 120 hours and
continued to have anti-depressive/anti-suicidal results un-
til patient follow-up six months later. Therefore, ketamine
pushes could play a significant role in acute remission of the
most severe forms of depression.”?

In addition to ketamine’s efficacy in treating chronic de-
pression, its safety must also be considered. The two most
common side effects of ketamine are psychomimetic effects
and dissociation. Patients have also reported a feeling of
“being high” after an initial dose of ketamine. As men-
tioned earlier, other side effects of clinical doses include
nausea, vomiting, drowsiness, confusion, somnolence, and
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headache. More severe side effects can occur if ketamine is
misused, which has been a common occurrence since the
emergence of ketamine as a street drug in the 1960s. Keta-
mine’s addictive properties can lead to its use in large doses,
yielding severe side effects such as white matter changes,
memory changes, neurocognitive impairment, and reduced
well-being. Damage to the urinary system has also been
noted when ketamine is used in large doses for prolonged
periods of time. Ketamine’s clinical and abusive dosing side
effects along with its misuse potential should be considered
before starting patients on this experimental medication,
particularly patients clinically diagnosed with depression.””

NMDA ANTAGONISTS AND MORPHINE HYPERALGESIA

Morphine hyperalgesia is a paradoxical side effect of opi-
oids. It is characterized by the increased sensitization to
painful stimuli while receiving opioid therapy. The mecha-
nism by which opioids produce hyperalgesia is paradoxical
as well, in that hyperalgesia is not mediated by the same mu
receptors that trigger analgesia. Juni et al. and van Dorp et
al. found that hyperalgesia persisted in mice treated with
continuous intravenous morphine infusions despite abol-
ishing morphine’s analgesic effects via the addition of the
opioid mu receptor antagonist, naltrexone. Hyperalgesia in-
creased in mice receiving naltrexone, indicating that only
analgesia, not hyperalgesia, is generated by the mu recep-
tor. In these studies, the NMDA receptor antagonist MK-801
effectively abolished hyperalgesia in morphine-treated
mice, indicating that this receptor plays a key role. Research
speculates that NMDA antagonism diminishes hyperalgesia
via potentiating morphine analgesia and has been sup-
ported by these experiments displaying that co-administra-
tion of naltrexone with MK-801 reduces hyperalgesia.80:81

KETAMINE AND OPIOID USE

Ketamine has been studied in conjunction with opioid use
due to its antagonism of the NMDA receptor, responsible
for tolerance and hyperalgesia. Researchers are hopeful that
in reducing pain and potentiating morphine analgesia, ke-
tamine usage will reduce opioid requirements in chronic
pain patients. Barreveld et al. observed that continuous IV
ketamine infusion in postoperative patients until hospital
discharge led to decreased average pain in chronic opioid
users. However, administering ketamine until discharge did
not reduce the amount of opioid consumption postopera-
tively in this population.82 Other researchers have studied
ketamine’s benefit in chronic opioid users beyond the im-
mediate postoperative period. Nielsen et al. showed that a
perioperative IV ketamine bolus had long-term advantages
for chronic opioid users undergoing surgery. The ketamine
group reported less daily use of opioids or any other anal-

gesics and better mobilization pain, pain at rest, and la-
bor market attachment.33 Beyond the surgical setting, ke-
tamine has also been used for pain control in critically ill
trauma patients. Prusowski et al. showed that continuous
ketamine infusions for sedation and agitation were asso-
ciated with less opioids and propofol required to manage
these patients.

In contrast, this same study found that ketamine infu-
sion was shown to increase the use of ziprasidone and
dexmedetomidine.8* This data indicates that ketamine dis-
plays the potential to alleviate pain in chronic opioid users
further and improve their quality of life. However, it is still
not definitively proven to reduce opioid requirements and
therefore may leave patients vulnerable to the side effects
of other pain medications they may be taking.

CONCLUSION

Chronic pain affects roughly 20% of the population world-
wide, and many patients experience its detrimental effects
on their quality of life and mental health. Ketamine, an
NMDA antagonist that also acts on opioid receptors, has
been studied as a pharmacologic option for chronic pain
conditions. RCTs have shown that ketamine is an effective
treatment modality for CRPS and PLP refractory to standard
treatment options and should be considered for refractory
mixed neuropathic pain. It has also been found to be an
effective long-term pharmacologic therapy for depression,
a common comorbidity of chronic pain that may affect its
disease course. Nonetheless, it is important to weigh its
pain-reducing properties with its potential adverse effects,
notably psychomimetic and dissociative effects. While it
has yet to be successfully demonstrated clinically, ketamine
also has the potential to reduce opioid requirements, both
from its pain-reducing properties as well as its ability to di-
minish morphine hyperalgesia. However, it should be noted
that the research performed on ketamine to treat chronic
pain has its limitations. Most significantly, there is a rela-
tive shortage of RCTs studying its effectiveness for treating
chronic pain conditions.

Moreover, some of these studies had inadequate blind-
ing, a lack of large participant populations and statistical
power, and short follow-up periods. Yet, because ketamine
is widely available and inexpensive relative to other phar-
macologic therapies for chronic refractory pain, it is likely
that researchers will continue to investigate its efficacy and
optimal dosage and administration in the future. As the
opioid crisis in the United States continues to persist, a bet-
ter understanding of alternative drug therapies such as ke-
tamine can improve how chronic pain is managed and offer
additional treatment options for patients.
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