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REVIEW

Emerging concepts on the use of ketamine for chronic pain
Yunpeng Yang, Dermot P. Maher and Steven P. Cohen

Department of Anesthesiology and Critical Care, Johns Hopkins School of Medicine, Baltimore, MD, USA

ABSTRACT
Introduction: The use of ketamine infusions for chronic pain has surged, with utilization exceeding the
proliferation of knowledge. A proposed mechanism for the long-term benefit in chronic pain is that
ketamine may alter the affective-motivational component of pain.
Areas covered: In this review, we discuss the classification and various dimensions of pain, and explore
the effects of ketamine on different pain categories and components. The relationship between
ketamine’s action at the NMDA receptor, the development of chronic pain, and the its possible role
in preventing the persistence of pain are examined. We also summarize animal models evaluating the
antinociceptive effects of ketamine and risk mitigation strategies of ketamine-associated side effects.
Expert opinion: Although ketamine exerts most of its analgesic effects via the NMDA receptor, recent
evidence suggests that other receptors such as AMPA, and active metabolites such as nor-ketamine,
may also play a role in pain relief and alleviation of depression. Data from clinical studies performed in
patients with chronic pain and depression, and the observation that ketamine’s analgesic benefits
outlast its effects on quantitative sensory testing, suggest that the enduring effects on chronic pain may
be predominantly due ketamine’s ability to modulate the affective-motivational dimension of pain.
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1. Introduction

Ketamine was first synthesized in the early 1960’s and mar-
keted in 1970 as a safer alternative to phencyclidine, which
was associated with severe and prolonged postoperative
delerium[1]. Initial evidence for the treatment of pain with
ketamine was derived from clinical case reports of the man-
agement of nerve injury in the setting of oncologic disease[2].
Subsequent completion of both open-label and randomized
controlled trials have identified ketamine as an effective treat-
ment for several pain conditions including complex regional
pain syndrome (CRPS), post-herpetic neuralgia (PHN), fibro-
myalgia, spinal cord injury, phantom limb pain, and central
neuropathic pain [3,4]. Ketamine has also been identified as
a short-term treatment for depression, although long-term
benefit is debated [5,6]. Additional evidence for ketamine’s
utility for the treatment of other psychological conditions
such as post-traumatic stress disorder (PTSD) has also been
reported [7,8].

In recent years, expert consensus statements outlining
appropriate use were first developed for the use of ketamine
in the treatment of mood disorders, followed by the use of
ketamine for the treatment of both acute and chronic pain
[5,9,10]. Simultaneously, an increase in the use of ketamine
occurred for a number of off-label pain and mood-related
diagnoses beyond those with quality evidence[11]. The devel-
opment of a widespread ketamine infusion industry marks an
example of practicing for-profit patient care, often in the
absence of an understanding of mechanisms. Controversial

infusion practices and indications can generate confusion,
misconceptions, and even mistrust among patients and
healthcare providers. In an attempt to provide greater gui-
dance and clarity, there have been a number of reviews of
clinical trials seeking to determine the most effective use for
the treatment of both pain and affective mood disorders
[4,12,13]. Additionally, there have been several new formula-
tions of ketamine introduced in clinical practice with some
evidence for benefit, such as oral ketamine, intranasal
S-ketamine (esketamine or Spravato), and other formulations
with questionable benefit, such as topical gels [14–16].

The pharmacology of acute ketamine administration has
been extensively covered elsewhere [5,9,10]. In this review,
we will evaluate recent animal and clinical findings that
point to ketamine’s long-term benefits as a function of
changes in the affective-motivational dimensions of pain,
rather than to short-term sensory-discriminative dimension of
pain.

2. Dimensions and taxonomy of chronic pain

2.1. Etiological classification

Pain can be etiologically classified as neuropathic, nociceptive, or
mixed. This distinction is useful because it affects decision mak-
ing at all levels of care. Neuropathic pain can be central, periph-
eral or mixed and is defined as pain caused by a lesion or disease
affecting the somatosensory system[17]. Commonly-known per-
ipheral neuropathic pain states include diabetic neuropathy and
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postherpetic neuralgia. One subtype of neuropathic is central
pain, which manifests as a constellation of physical signs and
symptoms following a lesion or disease affecting the central
nervous system. The most common example of central pain is
central post-stroke pain. Nociceptive pain results from an injury
or disease affecting somatic structures such as skin, muscle, bone
and joints. Nociceptive pain can be further categorized as either
somatic (e.g. arthritis) or visceral (e.g. inflammatory bowel
disease).

Nociplastic pain is pain that arises from altered nociception
despite no tangible evidence of actual or threatened tissue
damage causing the activation of peripheral nociceptors, or
evidence for disease or lesion of the somatosensory system
causing the pain[18]. These conditions are characterized by
the absence of biomarkers or objective diagnostic tests, and
include syndromes such as fibromyalgia and irritable bowel
syndrome. Proposed mechanisms include magnification of
sensory processing, reduced central inhibitory pathways, and
abnormal responses to physical and emotional stressors[19].
Mixed pain is pain that contains significant portions of neuro-
pathic, nociceptive, and possibly even nociplastic pain. Some
examples of mixed pain states include cancer and failed back
surgery syndrome. It is important to note that many experts
believe that pain should not and cannot be discretely categor-
ized, but insteadpostulate that different conditions represent
different points on a continuum[20]. Because of the prominent
role of the NMDA receptor in nociplastic and neuropathic
pain, it has been postulated that ketamine may be more
effective for these conditions, though a recent meta-analysis
demonstrated no significant differences when treatment out-
comes were stratified by pain classification[21].

2.2. Classification based on dimensions

In 1968, Melzack and Casey proposed a multidimensional model
composed of 3 components for chronic pain which were com-
prised of sensory-discriminative, affective-motivational, and cog-
nitive-evaluative domains[22]. Briefly, the sensory-discriminative
dimension is primarily influenced by the rapid input of nocicep-
tive signals from the periphery to include information on pain
location and magnitude (i.e. pain intensity) that are processed at
the level of the spinal cord. The affective-motivational dimension
refers to the evolutionary arousal and negative emotions (i.e.
pain unpleasantness) that accompany pain, which are processed
at the level of the reticular and limbic structures. The cognitive-
evaluative dimension provides contextual information based on
past experiences and likely outcomes (i.e. attitudes and beliefs)

that are processed through higher CNS structures. Dimensions
processed through primitive structures are subservient to dimen-
sions of pain processed at more evolutionarily advanced struc-
tures. The sensory-discriminative dimensions of pain can be
analyzed using quantitative sensory testing (QST), while other
instruments such as the Brief Pain Inventory (BPI), the Short-Form
McGill Pain Questionnaire (SF-MPQ), and Short-Form Health
Survey-36 (SF-36) incorporate aspects of the motivational–affec-
tive and the cognitive-evaluative domains [23–26]. Regarding
the utility of ketamine for the treatment of pain, there is evidence
for short-term modulation of the sensory-discriminative aspect,
and indirect evidence for a longer-term effect on the affective-
motivational dimension.

3. Animal models of ketamine use

Over the past three decades, numerous preclinical studies
evaluating ketamine use in multiple animal models have
been published. In Table 1, we provide a summary of the
available preclinical literature regarding the use of ketamine
in various pain conditions. To identify relevant studies, an
electronic literature search was conducted using the National
Library of Medicine’s MEDLINE database to identify peer-
reviewed articles discussing the use of ketamine in the treat-
ment of various pain conditions. The detailed search strategy
included the subject headings ‘ketamine AND pain’, with fil-
ters to exclude human studies. Non-English studies and those
not available in full text were also excluded.

Based on the studies selected for inclusion, there is ample
evidence for ketamine’s efficacy in neuropathic pain, with data
that may be generalizable to peripheral neuropathy, radicular
pain and spinal cord injury, among other conditions (Table 1,
supplemental table 1). A number of studies suggest ketamine
may have efficacy in non-neuropathic models of pain, such as
osteoarthritis. There is more limited evidence in cancer pain,
post-herpetic neuralgia, and nociplastic pain conditions.

4. Ketamine pharmacology & routes of
administration

Ketamine is a dissociative anesthetic medication that pro-
duces analgesic, psychomimetic and anti-depressive
effects via noncompetitive binding to multiple receptors
including N-methyl-D-aspartate (NMDA), alpha-amino-
3-hydroxyl-5-methyl-4-isoxazole propionate (AMPA), kainite,
and gamma-amino-butyric acid (GABA), sodium, potassium
and L-type calcium channels, cholinergic receptors, mu,
kappa and sigma opioid receptors, muscarinic receptors,
and monoaminergic receptors [27,28]. The plethora of recep-
tor targets could indicate that multiple pharmacological
pathways may be involved in ketamine’s myriad clinical
effects which include analgesia, alleviation of depression,
and psychotomimesis. Among these cellular targets, NMDA
receptors in the periphery, dorsal root ganglion and central
nervous system (CNS, i.e. spinal cord and brain) appear to be
the most important for acute pain modulation [27,28].
Ketamine has well-documented efficacy at sub-anesthetic
doses (<0.5mg/kg) for the amelioration of postoperative
pain, decreasing opioid analgesic requirements, and

Article highlights

● The clinical use of ketamine for the treatment of chronic pain and
mood disorders is becoming increasingly common

● Clinical evidence and animal studies suggest that a single adminis-
tration of ketamine can treat pain and produce long-lasting, but not
permanent, pain relief

● The mechanism of long-term pain relief may be related to the
affective-motivational component of pain rather than the sensory
discriminative components.
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decreasing the incidence of nausea and vomiting with con-
trollable side effects[29]. A subanesthetic infusion of
0.5 mg/kg will produce a plasma concentration of between
70 and 200 ng/ml. Higher concentrations are associated with
loss of consciousness (>500 ng/ml) and appropriate depth for
surgical anesthesia (2000–3000 ng/ml or more)[5].

Ketamine is hepatically metabolized by several cytochrome
enzymes, with 80% being converted to norketamine via
N-demethylation[30]. The alpha half-life of ketamine is very
short in humans, usually 2–4 minutes, with a much longer
beta half-life of 2–4 hours[31]. In animal studies, norketamine
possesses approximately one-third of the antinociceptive
properties as its parent compound, while its other principal
metabolite, (Z)-6-hydroxynorketamine, is pharmacologically
inert at the NMDA receptor though it is pharmacologically
active at other receptors[32]. The plasma concentration of
norketamine may exceed ketamine during prolonged infu-
sions [1,33,34]. Norketamine, with an elimination half-life of
1.13 hours, may contribute to the downstream analgesic
effects observed following prolonged infusions[35]. In
a simulation model based on 621 observations in 70 subjects
(57 children), it was estimated that norketamine contributed
to the analgesic effects of a single 2 mg/kg ketamine bolus for
4 hours[36]. The S-isomer of ketamine possesses two and four
times the antinociceptive properties of the R isomer and the
racemic isomer, respectively[31]. The effects of ketamine on
the treatment of chronic pain and depression are substantially
longer than the sedative/hypnotic effects of ketamine, sug-
gesting that these effects are mediated by a secondary
increase in structural synaptic connectivity[37].

5. The relationship between NMDA receptors and
chronic pain pathophysiology

The transition from acute pain to chronic pain and the subsequent
maintenance of that painful state is a complex physiologic process
in which the NMDA receptor (NMDAR) is a key factor. NMDAR’s are
voltage and ligand-gated receptors that play a critical role in the
mechanisms underlying the development of both neuropathic
and nociceptive pain including wind-up and central sensitization
(long-term potentiation (LTP), expansion of receptive fields, reduc-
tions in activation thresholds) [38–41]. Prolonged nociceptive sti-
mulation results in the phosphorylation and up-regulation of
NMDA and other glutamate receptors in the dorsal horn of spinal
cord synapses [42,43]. It should be noted that attributing patholo-
gic mechanisms entirely to NMDARs is a gross oversimplification,
as other targets such as transient receptor potential ion channels,
glial cells and nerve growth factor receptors also play a role[20].
However, their pivotal position in the pathways underlying chronic
pain is well-established, and they are the principal target of keta-
mine and other emerging pain treatments.

The development of allodynia and hyperesthesia indicate that
nociceptive pathways may be abnormally amplified or that new
neural pathways have formed [20,44]. Central sensitization and
wind-up are the products of increased dorsal horn neuron excit-
ability and consequently, lead to a magnified response to sen-
sory input. These maladaptive neuroplastic changes can result in
enhanced and amplified signal transmission from the spinal cord
to the cortex leading to spontaneous pain as well as enhanced

temporal summation, allodynia, and primary and secondary
hyperalgesia in response to nociceptive stimulation[45]. Both
central sensitization and wind-up can be blocked or blunted by
the use of NMDAR antagonists.

NMDARs were first implicated in the development of a specific
type of neuronal plasticity known as LTP in 1983when the applica-
tion of a newly discovered NMDAR antagonist, AP5, was noted to
block the development of LTP in rodent brain slices[46].
Subsequent work found that spinal application of AP5 depressed
aversive reactions to acute pain, and inhibited wind-up[47].
Intrathecal administration of NMDA was noted to increase biting
and scratching behavior in mice, and resulted in hyperalgesic
effects in tail-flick and hot-plate tests[48]. The same study also
found that the nociceptive effects of NMDA could be inhibited
by application of ‘phencyclidine receptor’ antagonists[48].

6. Non-NMDA receptor effects

The clinical effect of ketamine may not be entirely mediated
by the NMDA receptor. Non-ketamine NMDA antagonists have
not been demonstrated in the treatment of affective mood
disorders[49]. The treatment of affective mood disorders by
ketamine is postulated to partially result from the NMDA
receptor blockade of GABAnergic interneurons and inhibition
of NMDAR-dependent burst firing of lateral habenula neurons
[50]. The non-NMDA ketamine targets for the treatment of
affective mood disorders include downstream modulation of
signaling pathways involved in neuroplasticity including brain-
derived neurotrophic factor (BDNF), eukaryotic elongation fac-
tor 2 (eEF2), mechanistic target of rapamycin (mTOR) and
glycogen synthase kinase-3 (GSK-3)[50]. Modulation of these
downstream signaling pathways can alter the number and
function of synaptic connections [37,51].

An active metabolite of ketamine, (2R,6R) hydroxynorketa-
mine ((2R,6R) (HNK)), produces antidepressant effects similar
to the administration of the parent compound and is active at
the presynaptic AMPA receptor, but not the NMDAR [42,43].
The concentration of ((2R, 6R)HNK) that produces antidepres-
sant-related behavioral and cellular responses in mice is lower
than that required to modulate the function of the NMDA
receptors, suggesting that non-NMDA receptor activity plays
a role in the treatment of mood disorders[52]. However, there
is some evidence to suggest that HNK binds to the NMDA
receptor, albeit with weak affinity[53]. Furthermore, blockade
of either the AMPA receptor or of ketamine’s metabolism to
(2R,6R) HNK prevents the manifestation of ketamine’s antide-
pressant effects[42]. In an open-label study performed in 17
patients with chronic neuropathic orofacial pain, Rabben and
Oye found that individuals with longer duration of pain
experienced worse outcomes. They noted that glutamatergic
synapses undergo characteristic experience-dependent
changes during adult life, and postulated that individual dif-
ferences in the response to ketamine over time might reflect
an increase in the relative contribution of AMPA receptors and
a corresponding decrease in the contribution of NMDA recep-
tors[54].

Additional evidence from rodent models of depression
indicate that the clinical manifestations of ketamine may be
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the result of interactions with dopamine D2 and D3 recep-
tors, but not D1[55]. The opioid receptor system seems to
partially mediate ketamine-induced antinociceptive effects in
rodents, which may be translatable to pain patients. NMDA
NR1 subunits and mu opioid receptors co-localize and func-
tionally associate on neurons in the periaqueductal gray area,
which is involved in the processing of pain. Pacheco Dda and
colleagues found that administration of the pan-opioid
receptor antagonist naloxone, the μ-opioid receptor-specific
antagonist clocinnamox and the δ-opioid receptor-specific
antagonist naltrindole, but not the κ-opioid receptor antago-
nist nor-binaltorphimine, antagonized ketamine-induced
central antinociception in a dose-dependent manner in
mice[56]. The synergistic involvement of opioid receptors in
the analgesic effects of ketamine has been described by
several other investigators [57,58]. In humans, however, the
administration of naloxone failed to prevent ketamine-
induced reductions in secondary hyperalgesia, which may
indicate differences in hyperalgesic mechanisms between
species[59].

7. Ketamine formulations

Intravenous (IV) ketamine currently represents the most com-
monly used formulation, with both racemic and purified
S-ketamine available for IV administration. Variable kinetics
with non-IV formulations have limited their widespread clinical
use.

Following oral use of ketamine in healthy volunteers at
doses between 20 to 50 mg, only 17%-24% is detectable in
the circulation due to extensive first-pass metabolism, with
peak plasma concentrations reached 40–55 minutes after
administration [31,60–62].In one study performed in 11
healthy volunteers, the average bioavailability after oral dos-
ing was only 8%, with 11% inter-individual variability[63]. Peak
sedative effects are observed about 24 minutes following oral
ingestion and steady-state kinetics can be achieved with twice
daily dosing after three doses are taken[63].

Intramuscular (IM) injection of ketamine results in 93%
bioavailability [31,61]. Following 0.5 mg/kg administration of
oral or IM ketamine, pain thresholds increases peaked at
30 minutes after oral ketamine administration and 15 minutes
after IM administration, demonstrating the effectiveness of IM
administration for use in anesthesia and procedure-related
pain[61]. The typical dose for IM administration is approxi-
mately four times the equivalent IV dose, with the duration
of action lasting between 30 and 75 minutes.

Sublingual lozenges and oral ketamine wafers have been
developed to bypass first-pass metabolism. The bioavailability
is slightly higher than for oral formulations (24–30%), with
similar times to peak analgesic effects, but with lower norke-
tamine concentrations [31,60,62]. Comparable kinetics are
observed with transmucosal rectal formulations of ketamine,
which may be a viable option for patients who cannot tolerate
oral or IV formulations.

Intranasal ketamine has been studied in clinical trials for
chronic pain, and similar to sublingual preparations, it avoids
first-pass metabolism, thereby producing less norketamine.
Following administration of 0.2–1 mg/kg of an intranasal

formulation, increased bioavailability (~45%) was reported
compared to sublingual and other transmucosal formulations
[60]. Intranasal ketamine also appears to have a more rapid
onset of action than oral, sublingual, and rectal preparations
[60,64].Recently, a randomized, double-blind study found that
twice-weekly intranasal S-ketamine (esketamine, Spravato) plus
an antidepressant demonstrated more pronounced antidepres-
sant effects compared to an antidepressant and placebo spray
in major depressive order through 4-week follow-up[15]. There
are currently ongoing trials investigating its effectiveness for the
treatment of chronic and acute pain in both children and adults
(NCT03421275, NCT02994173, NCT03756961, NCT03053947,
NCT03146806; Table 2).

Although non-parenteral ketamine formulations have been
increasingly utilized for the treatment of breakthrough pain
and refractory acute pain episodes, the use of prescription
ketamine formulations as an around-the-clock treatment for
chronic pain is limited by the prominent psychomotor and
cognitive effects, which can impair one’s ability to drive or
work[65]. Table 3 provides an overview of the dosing, indica-
tions and evidence for the various routes of ketamine
administration.

8. Clinical evidence for prevention of chronic
post-surgical pain

Several meta-analyses have evaluated ketamine’s ability to
prevent the development of chronic pain following surgery.
An early meta-analysis published in 2013 found that ketamine
infusions that were greater than 24 hours in duration resulted
in a greater reduction in pain at 3 months compared to
placebo and infusions that were administered for less than
24 hours (OR 0.37 95% CI 0.14–0.98)[66]. Another sub-analysis
from 2014 consisting of many of the same studies found that
the use of IV ketamine prevented persistent postsurgical pain
at three months in nine studies (p = 0.01 OR 0.75 95% CI
0.60–0.93) and at six months in eight studies (p = 0.04 OR 0.5
95%CI 0.5–0.98)[67]. The number-needed-to-treat (NNT) at
three and six months was calculated to be 12 and 14, respec-
tively, but fell shy of statistical significance at 12 months[67].
Finally, a 2015 meta-analysis including five studies found that
IV ketamine reduced pain at rest one month following surgery
(RR 0.52 95% CI 0.27–0.95)[68]. It should be recognized that
the studies included in these meta-analyses maintained sub-
jects under observation for limited periods of time due to
practical and ethical reasons. Although larger studies, with
longer follow-up periods in populations undergoing a wider
range of surgeries, might better refine our understanding of
ketamine’s use as a preventive intervention, these data collec-
tively suggest that the use of ketamine to alleviate acute pain
may prevent the development of severe post-surgical pain in
carefully selected individuals.

9. Ketamine’s effect on the various dimensions of
pain

The effects of ketamine on the various dimensions of pain
have been evaluated using different instruments. A study
involving 10 subjects with phantom limb pain demonstrated
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that an infusion dose of 0.4 mg/kg given over 1 hour elevated
electrical sensitivity thresholds immediately following the infu-
sion, but the QST changes did not persist when measured at
48 hours compared to 10 subjects who received a saline infu-
sion[42]. Another small study performed in 12 subjects with
fibromyalgia who received a 30-minute infusion of S-ketamine
at a rate of 0.5 mg/kg found no differences in QST measure-
ments compared to 12 subjects who received a placebo infu-
sion measured immediately following the infusion or eight
weeks later[43]. In 2009, Schwartzman and his colleagues
provided some of the strongest direct evidence of ketamine’s
ability to modulate the sensory-discriminative and affective-
motivational dimensions using the McGill Pain Questionnaire.
Nineteen subjects with CRPS types I and II were enrolled in
a randomized, placebo-controlled trial[69]. All subjects
received 10 days of 4-hour ketamine or saline infusions at
a maximum rate of 0.35 mg/kg/h for the treatment group.
The maximal reduction in the sensory-discriminative and affec-
tive-motivational components reached its peak when mea-
sured during weeks 3 to 4 following the infusion. When
measured at week 12 following infusion, the average sensory-
discriminative component was 31.1% lower than baseline, but
the affective-motivational component had decreased by
46.2%. Changes in QST measurements did not significantly
deviate from baseline or compared to controls, and reductions
in pain scores exceeding 20% were observed only through
weeks 5 through 8. The results of these studies suggest that
while sensory-discriminative domains are altered, the diminu-
tion in nociception is strongest right after treatment, while
longer-lasting effects of ketamine on chronic pain could be
attributable to changes in the affective-motivational
component.

Evidence supporting non-somatosensory mechanisms as
a component of ketamine’s analgesic effects is further bol-
stered by a growing body of literature demonstrating effec-
tiveness for affective mood disorders, such as depression and
PTSD [5,6,8]. The ability of ketamine to produce long-term
modulation of affective mood disorders has been postulated
to occur through mechanisms similar to those deemed
responsible for the long-term beneficial effects on the affec-
tive-motivational and cognitive-evaluative components of
pain[70]. The sensory-discriminative component of chronic
pain, as measured by QST, do not endure in most people
beyond the initial infusion period. However, changes in the
other pain dimensions persist after the drug is eliminated,
which could partially explain ketamine’s long-lasting, pain-
relieving effects.

10. Adverse effects and mitigation strategies

Adverse effects associated with ketamine use can be divided
into several general categories, including central nervous sys-
tem, cardiovascular, hepatic, urogenital and gastrointestinal.
Evidence for side effects is derived from both formal studies in
healthy volunteers and patients, as well as from toxicology
reports and studies that focus on recreational use. Hepatic,
cardiac, and urogenital side effects appear to be both dose-
and infusion rate-related, while neurologic and psychomimetic
side effects are reported at almost all doses and infusion rates,Ta
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indicating a very low occurrence threshold. Since ketamine is
metabolized by both the kidneys and liver, hepatic or renal
insufficiency could lead to an increased incidence of dose-
related side effects.

The CNS effects of ketamine are primarily mediated via the
NMDAR, to which it binds in a classical dose-dependent man-
ner. The most common CNS effects described are primarily
psychomimetic in nature to include visual and auditory hallu-
cinations, paranoid ideas, panic attacks, feelings of intense
‘drug high’, and alterations in the perception of time and
space[3]. Additional CNS effects can include dizziness, blurred
vision, vertigo, nystagmus and either euphoria or dysphoria[3].

Although these effects have been commonly reported at
anesthetic doses, the current literature yields mixed conclu-
sions on the incidence of such effects at the subanesthetic
doses typically used in the treatment of acute or chronic pain
[9]. Systematic reviews and cases series indicate the incidence
of psychomimetic or dysphoric events is 3.5–7.6%, the major-
ity of which are transient hallucinations or dissociative sensa-
tions[9]. A 2005 meta-analysis of 37 RCTs studying ketamine
use in acute postoperative pain concluded that the occurrence
of psychomimetic adverse effects was similar between keta-
mine and placebo groups[71]. More recently, a 2019 British
RCT which randomized 150 cardiac surgery patients to prega-
balin with or without 48 hours of postoperative ketamine
infusion at 0.1 mg/kg/h found a significantly lower prevalence
of postoperative pain at three and six months, without sig-
nificant differences in adverse events, including psychomi-
metic effects[72]. In contrast, a retrospective single-center
study in 321 elective spine surgery patients receiving post-
operative ketamine infusions concluded that CNS excitation
was the most frequent adverse event, with a frequency of
16.2%. In this study, 31.8% of patients reported at least one
adverse drug event[73].

It is important to recognize that without adequate preme-
dication, even very low doses may cause psychological and
cognitive side effects. In 3 studies examining the predictive
value of a 0.1 mg/kg ketamine bolus on analgesic response to
the oral NMDA receptor antagonist dextromethorphan, Cohen
et al. reported that over 70% of individuals experienced side
effects, the large majority psychomimetic, with ketamine side
effects being predictive for dextromethorphan side effects
[74–76]. In 2 of these studies, individuals were given low-
dose midazolam as an active control, with doses ranging
from 0.25 to 0.5 mg [74,75]. In a retrospective study by

Schwenk et al. in 211 patients who underwent preoperative
ketamine infusions, discontinuation of ketamine infusions sec-
ondary to adverse effects (the most common of which was
central nervous system excitation) was unrelated to whether
or not the infusion rate exceeded 20 mg/h[73].

Taken together, the body of evidence suggests that sub-
anesthetic ketamine infusions given in postoperative and
chronic pain settings may be associated with transient rever-
sible psychomimetic effects, without a clearly established
dose-effect relationship within subanesthetic dose ranges [9]

Medications used to prevent or attenuate psychomimetic
symptoms include benzodiazepines such as midazolam and α2
agonists such as clonidine, administered prior to the start of the
infusion. The number-needed-to-harm (NNH) for ketamine-
induced hallucinations has been calculated at 35 and 21 with
andwithout benzodiazepinepremedication, respectively, suggest-
ing that benzodiazepinesmay attenuate, but not fully prevent, the
psychomimetic effects of ketamine[77]. Aprospective, randomized
trial in 19 subjects with CRPS who received placebo or racemic
ketamine at a rate up to 0.35 mg/kg/h (n = 9) with 2 mg IV
midazolam and 0.1 mg PO clonidine premedication over 10 con-
secutive weekdays reported 4 occurrences of dysphoria, but no
psychomimetic adverse effects[69]. One additional consideration
may be enantiomer selection, as some studies have associated the
more potent S(+)-ketaminewith an increased incidence of psycho-
mimetic effects[9]. Active psychosis, delirium, and active substance
abuse or intoxication are considered to be contraindications for
use, while increased intracranial or intraocular pressure/glaucoma
are considered precautionary conditions.

Ketamine use has been associated with elevations in liver
enzymes in a dose-dependent manner [78,79]. In a cross-
sectional study of 297 chronic ketamine abusers, the incidence
of liver injury was 9.8%, manifesting most frequently as common
bile duct dilation, microscopic bile duct injury, and in some cases,
significant liver fibrosis[79]. Several studies have shown that even
subanesthetic ketamine use can lead to elevations in liver
enzymes, though no studies have demonstrated long-term
hepatic damage. In a small case series, 3 CRPS patients being
treated with repeat infusions of ketamine developed significant
liver enzyme elevations which resolved 3 months after termina-
tion of the infusion[78]. Notably, the 3 patients who experienced
histological evidence of hepatotoxicity received their second
infusion within 4 weeks of the first exposure, while the 3 indivi-
duals who had no signs of hepatic injury received their second
exposure at a more remote time point.

Table 3. Summary of ongoing studies of intranasal esketamine or racemic ketamine for the treatment of pain.

Trial Lead Institution Dose/Drug Investigated Condition Primary Outcome Time to endpoint
Estimated
Enrollment

Estimated
Completion

Date

NCT03421275 Hyvinkää Hospital,
Finland

Not reported Esketamine Acute Pain Due
to Traumas

NRS 15–60 minutes 105 December 2022

NCT02994173 Turku University
Hospital, Finland

0.25–0.75 mg Esketamine Postoperative
pain

Change in opioid
consumpti on

1 and 3 days 100 December 2019

NCT03756961 Göteborg University,
Sweden

0.1 mg/kg Esketamine Postoperative
pain

NRS 0–4 hours 220 December 2023

NCT03053947 St. Justine’s Hospital,
Canada

3–9 mg/kg Esketamine Laceration repair
in children

PK/PD study Less than 1 day 40 June 2020

NCT03146806 Emory University, USA 10–50 mg Racemic
Ketamine

Cancer pain PK/PD study Up to 20 days 25 October 2020
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The mechanism of hepatotoxicity is not well-understood,
but may be related to a decrease in hepatic oxygen delivery,
increased lipid peroxidation and free radical formation, and
allergic hepatitis[3]. A feed-forward mechanism may also occur
wherein increased hepatic damage can result in increased
metabolite buildup and further hepatic damage. As a result,
caution should be used when considering ketamine infusions
in patients with a history of severe liver disease or who have
had recent previous exposure(s), and baseline and post-
infusion liver function testing should be considered in patients
with suspected liver dysfunction[9]. Ketamine use in the peri-
operative period has been associated with decreased nausea
and vomiting, although it is unclear whether this effect is
intrinsic to ketamine itself or the opioid-sparing effects of
the drug. Several retrospective studies of subanesthetic-dose
ketamine infusions for the use of chronic pain report rates of
nausea and vomiting at 2.8 to 6.5%, and antiemetic medica-
tions such as 4–8 mg IV ondansetron may be administered to
counteract these adverse effects.

Ketamine can cause a painful ulcerative cystitis which is
almost exclusively observed in subjects who recurrently abuse
the medication[80]. Subjects frequently also have detrusor
muscle overactivity or decreased bladder compliance with
possible reflux[80]. Although the etiology is not clear, ulcera-
tive-cystitis tends to only be seen in subjects using ketamine
daily for extended periods of time, suggesting a cumulative
effect. There is only a single case report of it occurring in the
medical setting[81].

Ketamine causes negative inotropy via direct myocardial
depression, as well as indirect sympathetic stimulation from
catecholamine release, vagal nerve inhibition, and inhibition
of norepinephrine reuptake [3,82]. Elucidating the cardiovas-
cular effects of ketamine at subanesthetic doses is challenging,
as much of the literature focuses on anesthetic doses[9].
However, the available literature suggests that even subanes-
thetic doses of ketamine can cause elevations in heart rate,
blood pressure, cardiac output, and myocardial oxygen con-
sumption. Caution should be exercised when considering
ketamine infusion in patients with a history of unstable
angina, poorly controlled hypertension, and severe coronary
vascular disease, or in those with conditions which may
potentiate the sympathomimetic effects of ketamine, such as
hyperthyroidism or pheochromocytoma. In rare cases, angina
has been precipitated in cardiac patients in with subanesthetic
infusions for chronic pain[83]. In order to maximize safety
while treating patients with history of cardiovascular disease,
ECG and blood pressure monitoring should be employed, and
pretreatment ECG testing should be considered in high-risk
individuals[9]. Clonidine and β-blockers have been suggested
as potential adjuncts for counteracting the cardiovascular
effects of ketamine, but have not been well-studied[3].

11. Limitations

There are many obstacles associated with the study of keta-
mine for the treatment of chronic pain. First, an almost limit-
less number of protocols have been described in the literature
and clinical practice[4]. This heterogeneity can prevent

stringent comparison of different treatment paradigms, extra-
polation of the expected benefits and side effects, and pre-
clude meta-analysis. The publication of the Consensus
Guidelines in 2018 provides some degree of standardization
to the landscape.9

Second, published studies frequently suffer from methodo-
logical shortcomings such as a lack of statistical power, a lack
of effective blinding or a relatively brief follow-up period. In
two studies that assessed blinding, 75% and 93% of subjects
who were administered ketamine correctly guessed allocation
[33,43]. A common problem with pain studies is that rando-
mization to a placebo group (e.g. intentionally withholding
active treatment) for an extended period of time is unethical
and necessitates that many studies be terminated before
a clear upper limit of therapeutic duration can be established.
Instead, the duration of many treatment must be either extra-
polated or determined from less-rigorously conducted studies.

Finally, despite abundant preclinical data to suggest
a central role of NMDAR antagonism in the prevention and
treatment of chronic pain, pragmatic application can only be
confirmed by large well-conducted clinical trials. Because
there is no patent protection for IV ketamine, and hence no
financial incentive for industry to sponsor large-scale efficacy
studies, patients treated in the small clinical trials and in
clinical practice have for the most part been refractory to
a wide range of previous treatments, so that determination
of efficacy becomes murky. Given a lack of industry interest in
re-developing ketamine for the purposes of chronic pain treat-
ment, it is unclear whether such studies will be conducted in
the near future.

12. Expert opinion

There is great demand from both the public sector and health-
care providers for non-opioid methods of controlling pain,
with minimal side effects. Over the past two decades, the
surge in utilization of ketamine for the treatment of chronic
pain has been driven by preclinical data identifying possible
mechanisms of actions, and clinical data suggesting effective-
ness, a dose-response relationship, and safety. The available
literature suggests that ketamine infusions provide a relatively
safe and effective treatment modality for chronic pain, with
effective mitigation strategies available for commonly docu-
mented CNS, cardiovascular, gastrointestinal, and other
adverse effects.

As with many treatments for chronic pain, ketamine does
not offer a permanent amelioration of symptoms. Rather, the
goal of ketamine therapy should be the reduction of pain for
a clinically meaningful period of time along with correspond-
ing improvements in functionality. The duration of pain relief
should at least be commensurate with the invasiveness, or
lack thereof, of the treatment. Many refractory pain patients,
and some payers, have found that the relief afforded by
a single infusion of ketamine justifies the resource allocation.

Both the acute and chronic analgesic effects of ketamine
are believed to be primarily mediated by its antagonism of
the NMDA receptor, which plays an important role in neuro-
plasticity, central sensitization, and opioid tolerance and
hyperalgesia. Ketamine is often said to ‘reboot the central
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nervous system’, but its effects on central sensitization, which
can be measured via validated instruments, and its ability to
facilitate opioid weaning in tolerant and hyperalgesic
patients, have yet to be determined. Interaction of ketamine
with other pain-mediating receptors is well-described,
though the contribution of these pathways to clinical analge-
sia remains controversial. Following an infusion of ketamine,
several weeks of pain relief are often observed. This pro-
longed analgesia cannot be fully explained by the relatively
short-lived sensory changes induced by ketamine; thus, much
of its benefit is likely derived by ketamine’s ability to mod-
ulate the affective-motivational component of pain rather
than the sensory-discriminative component. These same
mechanisms may also contribute to ketamine’s salutary
effects in the treatment of depression and PTSD. Although
both components of pain relief probably contribute to overall
analgesia in most chronic pain patients, longer-term pain
relief may be the result of changes in the psychological
perception of pain rather than mere reduction in nociception.
The effect of ketamine on the affective-motivational compo-
nent of pain has been demonstrated in several studies; how-
ever, further exploration of this hypothesis through
pragmatic clinical trials investigating myriad pain pathologies
is needed.

On a similar note, whereas numerous preclinical studies
evaluating ketamine have shown promising results in
a variety of animal models of acute and chronic pain condi-
tions, clinical trials with long-term follow-up are necessary to
elucidate whether these benefits are reproducible in humans.
This is especially true for new ketamine formulations such as
intranasal Esketamine, for which the effects on chronic pain
are unknown. Refinement of existing delivery protocols are
needed to identify optimal patient selection, pre-infusion test-
ing requirements, dose regimens, duration of treatment, and
the use of adjuvant medications for side effect mitigation.

In the United States, a major barrier to the widespread use
of ketamine infusions is lack of reimbursement by payers. This
can limit access to care, especially in low-income patient
populations in the U.S. who cannot afford to self-pay and
have few viable alternatives. The classification of ketamine as
experimental or investigational can also prevent access to care
in the U.S. and abroad. Paradoxically, the lack of patent pro-
tection for intravenous ketamine closes off avenues of industry
grants to subsidize the cost of infusions for low-income pain
patients or to invest heavily in research. Based on the available
efficacy and safety data, ketamine infusions for the treatment
of chronic pain should be considered standard-of-care for
individuals who have failed more conventional therapies, as
this is the population that has been best studied in clinical
trials.

In conclusion, the use of ketamine infusions for the treat-
ment of chronic pain is an evolving treatment that demon-
strates great promise. Animal models and experimental
models in human provide a rational basis for its use in chronic
pain. Continued refinement of delivery protocols must con-
tinue, with emphasis on both long-term safety and effective-
ness. Finally, expanded access should be afforded to chronic
pain patients by implementing changes to current reimburse-
ment schedules by insurance carriers.
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