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ABSTRACT

Ketamine, originally developed as a safer alternative to phencyclidine, has become a groundbreaking treatment in
psychiatric practice. Approved by the United States Food and Drug Administration (FDA) in 1970 for its analgesic
properties and ability to induce altered consciousness while preserving vital functions, ketamine gained renewed
attention in the 1990s when researchers discovered its rapid and potent antidepressant effects, particularly in
treatment-resistant depression. Ketamine's mechanism of action involves blocking N-Methyl-D-Aspartate
(NMDA) receptors, which leads to the release of inhibitory signals and increased glutamate levels. This cascade
of events promotes neuronal growth and synaptic plasticity, both essential for its antidepressant effects. Various
methods of administration have been explored, including intravenous (IV), intranasal, oral, subcutaneous, and
intramuscular routes, each offering unique benefits and limitations. While IV ketamine remains the most widely
used form, intranasal and sublingual formulations are increasingly popular for their improved accessibility and
safety. Notably, the FDA and the European Medicines Agency (EMA) have approved intranasal S-ketamine for
the treatment of resistant depression and depressive symptoms. Ketamine's safety profile is generally favorable,
with side effects that are mild, temporary, and self-limiting. However, caution is necessary for individuals with
uncontrolled hypertension, cardiovascular issues, a history of psychosis, or substance abuse. Pregnant women are
also advised against ketamine use, and potential interactions with other medications require careful consideration.
Guidelines recommend ketamine as a third-line treatment option for resistant depression, to be considered after
multiple unsuccessful antidepressant therapies. While international recommendations vary slightly, ketamine is
increasingly recognized as a promising intervention for addressing the challenges of treatment-resistant depression.
This review underscores the expanding role of ketamine in psychiatric care, particularly its applications in treatment-
resistant depression and its potential to transform acute psychiatric emergency departments. It also sheds light on
administration methods, safety considerations, and international guidelines for optimizing its use in challenging
psychiatric conditions.
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Introduction

Ketamine stands as the first rapid-acting treatment for depression
to demonstrate significant effectiveness in alleviating depressive
symptoms. Its discovery has sparked a reevaluation of the
biological understanding of depression, with neurobiological
research shedding light on the mechanisms underpinning
ketamine’s antidepressant effects and offering new perspectives on
its clinical efficacy [1-4].

First synthesized in 1962 as a safer alternative to phencyclidine,
ketamine was designed to avoid the intense and prolonged
emergence delirium associated with its predecessor [5,6]. Early
clinical trials confirmed ketamine’s safety and efficacy, highlighting
its ability to provide analgesia and induce altered consciousness
while preserving airway tone, respiration, and hemodynamic
stability.

In 1970, the FDA approved ketamine for human use. Its ability to
maintain vital functions during anesthesia made it a valuable tool
in clinical practice. By the 1990s, researchers began investigating
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its antidepressant properties after observing mood improvements
in patients who received ketamine for anesthesia. Studies in
the early 2000s further validated ketamine’s rapid and robust
antidepressant effects, particularly in individuals with treatment-
resistant depression (TRD) who had not responded to conventional
therapies [1,7]. These findings revealed that ketamine could
reduce depressive symptoms within hours or days, in contrast to
the extended periods required for traditional antidepressants.

In March 2019, the FDA approved an intranasal (IN) formulation
of S-ketamine, branded as Spravato®, for use alongside oral
antidepressants in adults with TRD and in 2020 in those with major
depressive disorder (MDD) experiencing acute suicidal thoughts
or actions [8]. Later that year, the EMA approved S-ketamine for
TRD and for moderate to severe depressive episodes requiring
emergency intervention when combined with an antidepressant [9].

Although intravenous (IV) racemic ketamine is not officially
approved as an antidepressant by the FDA, it is increasingly
prescribed off-label by clinicians, often as an adjunctive therapy
for TRD and other psychiatric conditions [10]. Clinical trials
for ketamine and S-ketamine in TRD have progressed to phase
IIT and IV, underscoring their growing significance in psychiatric
treatment. Sub-anesthetic doses of ketamine are also being
explored as potential therapies for neuropsychiatric conditions like
major depression, schizophrenia, and bipolar disorder. Moreover,
combinatory approaches integrating pharmacological and non-
pharmacological treatments, such as electroconvulsive therapy
(ECT), psychotherapy, virtual reality, and transcranial magnetic
stimulation (TMS), are becoming more common [11]. A total of
363 trials were manually assessed from clinicaltrial.gov with the
search term “Ketamine” from 2014 until 2024. The highest number
of trials were found for the FDA-approved indications: anesthesia
(~22%) and pain management (~28%) for ketamine and TRD for
S-ketamine (~29%).

A consensus de”inition for TRD with proven predictive value for
clinical decision-making and health outcomes remains elusive.
However, the FDA and EMA have adopted the widely accepted
definition, which identifies TRD as an inadequate response to at
least two antidepressants despite adequate treatment trials and
adherence to therapy [12,13].

In this update, we highlight the significance of ketamine in the
treatment of treatment-resistant depression. The focus is clearly on
the mechanism of action of ketamine, the various administration
methods of ketamine and its enantiomers, and its role in addressing
suicidal ideation within the context of TRD, particularly given
the highly complex nature of the studies involved. Finally, safety
considerations, potential side effects, interactions, and international
guidelines for ketamine usage in psychiatry are also discussed.

Biochemical Pathways
Ketamine, initially developed as an anesthetic, has emerged as
a groundbreaking treatment for depression due to its rapid and

significant antidepressant effects. Although its mechanism of
action is not fully understood, it is believed to involve several
interconnected  processes. Ketamine blocks N-Methyl-D-
Aspartate receptors (NMDAR), which are glutamate receptors
located on y-aminobutyric acid (GABA) interneurons [14-16].
This blockade reduces inhibitory signals, resulting in a surge
of glutamate that activates o-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA) receptors. The activation of
AMPA receptors initiates a cascade of events, including Increased
brain-derived neurotrophic factor (BDNF) levels and activation of
the mammalian target of rapamycin (mTOR) signaling pathway
[15,17,18]. These pathways promote synaptogenesis and synaptic
potentiation, reversing stress-induced synaptic deficits observed
in the depressed brain [2,3,17,19]. Additionally, a ketamine
metabolite, (2R,6R)-hydroxynorketamine (HNK), has been shown
to directly activate AMPA receptors, contributing to ketamine’s
sustained antidepressant effects even after its short plasma half-
life of 2.5 hours [20]. This unique mechanism allows ketamine’s
antidepressant effects to persist for up to 1-2 weeks post-infusion [16].

S-ketamine and racemic ketamine exert their primary effects
through NMDAR inhibition, but emerging evidence points to
additional mechanisms. These include increasing BDNF, activating
mTOR signaling, and reducing inflammation by lowering pro-
inflammatory cytokines like TNF-a and IL-6 [21]. These anti-
inflammatory effects are particularly significant, as inflammation
has been identified as a pathogenic factor in depression that reduces
treatment responsiveness [22]. Ketamine’s ability to counteract
inflammation through cytokine suppression, modulation of the
kynurenine pathway, and direct effects on microglia and monocytes
may explain its unique efficacy in TRD, surpassing conventional
antidepressants in addressing refractory symptoms [22].

Preclinical studies suggest distinct mechanisms between
ketamine enantiomers: S-ketamine primarily modulates mTORC1
signaling, while R-ketamine influences extracellular signal-related
kinase (ERK) signaling [23,24]. While R-ketamine may have a
milder side effect profile, recent trials have found no significant
antidepressant efficacy in TRD compared to placebo [23,25].
Over 460 biomarkers, including neurotrophic factors, ketamine
metabolites, and inflammatory markers, have been studied to
understand ketamine’s rapid antidepressant effects. Recent research
indicates that baseline plasma BDNF levels may predict ketamine’s
antianhedonic effects in individuals with major depressive disorder
(MDD) receiving repeated doses [26,27]. Furthermore, increased
mTOR protein expression in peripheral immune cells correlates
with ketamine’s antianhedonic effects, suggesting that peripheral
immune mTOR expression could serve as a predictive biomarker
for these rapid benefits [28]. These findings highlight the potential
of ketamine not only as an antidepressant but also as a targeted
therapy for specific symptom domains, such as anhedonia, in TRD.

Modes of Administration for Ketamine and Its Enantiomers
For the treatment with racemic ketamine or its enantiomers, the
following administration routes are currently under intensive
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research: intravenous (IV), in the form of a nasal spray (IN), orally
in the form of tablets, subcutaneously (SC), or intramuscularly
(IM), all mostly conducted in treatment of depression. The efficacy
and safety of different routes of administration of ketamine have
not been definitively established. When comparing these routes,
it is important to consider the differences in the bioavailability
of ketamine and its metabolites. Intravenous administration of
ketamine typically results in complete bioavailability, meaning
the drug is fully absorbed into the bloodstream. Intramuscular and
subcutaneous administration have slightly lower bioavailability,
estimated to be around 90% [29]. The bioavailability further
decreases with intranasal administration, ranging from 8% to 45%
and oral administration of ketamine has the lowest bioavailability,
ranging from 8% to 29% [30].

Intravenous Administration

The first randomized study for the treatment of TRD with an NMDA
antagonist was conducted using infusions and demonstrated a
rapid short-term effect [7] that could be maintained with repeated
treatments [31].

Racemic ketamine is administered intravenously at a significantly
lower dosage compared to its use in general anesthesia, typically
around 0.5-1 mg/kg over a period of 40 minutes. The treatment
frequency is not clearly defined but is typically two times per
week during the initial weeks and then gradually reduced based
on clinical success [32,33]. Most studies have been conducted in
TRD, and it is suggested that higher dosages between 0.5 to 1.0
mg/kg demonstrate greater efficacy at the group level compared
to lower dosages ranging from 0.1 to 0.2 mg/kg one day after
administration [29]. The maximum dosage limit for IV racemic
ketamine in TRD has not been established. However, evidence
from studies involving single doses indicates that both 0.5 mg/kg
and 1.0 mg/kg doses are effective, with no evidence supporting the
superiority of 1.0 mg/kg over 0.5 mg/kg [29].

Intranasal Administration

For IN S-ketamine, it is recommended to start with a dose of 56
mg, administered twice weekly, during an induction phase of 4
weeks. The dosing can either remain at 56 mg or be increased
to 84 mg based on the patient’s response to the treatment. A
recent meta-analysis of nine studies involving 1752 patients with
MDD and TRD found that IN S-ketamine significantly improved
remission and response rates compared to placebo, particularly at
84 mg or flexible doses alongside oral antidepressants [34]. After
the induction phase, the administration frequency is suggested to
be reduced to once weekly during weeks 5 to 8 [35]. Following
that, the frequency can be further decreased to biweekly or less
frequently thereafter based on the symptoms experienced by the
patient [29,36].

An observational head-to-head study comparing the effectiveness
of IV racemic ketamine and IN S-ketamine in patients with TRD
found no significant differences in baseline-to-endpoint change or
response/remission rates between the two groups [37]. However,

the study did find that the time to achieve remission, defined by the
number of treatments, was faster for patients receiving I'V racemic
ketamine compared to those receiving IN S-ketamine. In another
recent head-to-head study utilizing a post-hoc analysis of pooled
real-world data, IV ketamine demonstrated greater short-term
antidepressant efficacy, while IN S-ketamine was associated with
fewer side effects. Both treatments were generally well tolerated
[38].

Oral Administration

Regarding oral administration, Meshkat et al. [39] conducted a
review and found that all included studies reported a significant
improvement in depressive symptoms in MDD following well
tolerated ketamine administration in tablet form. The dosage of
ketamine varied from 0.5 to 1.25 mg/kg, and the frequency of
administration ranged from daily to monthly, depending on the
study [30,39].

A recent randomized placebo-controlled trial found that fixed low-
dose oral S-ketamine (30 mg three times a day) was ineffective for
TRD and showed no significant benefit over placebo. However, in
the open-label phase with individually titrated higher doses (0.5
to 3.0 mg/kg two times a week), S-ketamine significantly reduced
depressive symptoms, suggesting potential antidepressant efficacy
at higher doses [40]. These results from the six weeks open-label
phase are consistent with the recently published findings of a phase
2 multicenter study [41]. Extended-release ketamine tablets (R-
107) demonstrated rapid-onset antidepressant efficacy, safety, and
excellent tolerability in TRD, with significant improvements in
MADRS scores and dose-dependent relapse prevention, particularly
at 180 mg doses twice a week for 12 weeks, while minimizing
common ketamine-related side effects [41]. It is important to note
that in this study, patients who did not respond by day 8 were not
included in the study analysis. On the other hand, another recent
study with prolonged-release ketamine showed fewer promising
results: Patients were randomized to receive an additional 160 mg/
day or 240 mg/day of KETO1 or placebo for 14 days. The findings
suggest that adjunctive oral administration of prolonged-release
ketamine at a dose of 240 mg/day demonstrated a positive but
statistically non-significant trend toward antidepressant efficacy;
however, the benefit could not be confirmed due to the premature
termination of the trial after 2 weeks due to poor recruitment
during the COVID-19 pandemic [42].

Intramuscular and Subcutaneous Administration

The advantages of using IM and SC routes include easier
administration and reduced staff training in administering
medications via IV or IN routes. When treating depression
with racemic ketamine given through IM or SC injection, the
recommended dose has ranged from 0.1 to 1 mg per kilogram of
body weight, with a typical dose of 0.5—1 mg/kg in most studies
[30,43-45]. A recent double-blind crossover study in 25 patients
with TRD found that IM ketamine (0.5 and 1 mg/kg) rapidly
reduced depression and anxiety ratings for up to 7 days, with
similar mood improvements across doses but dose-dependent
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dissociative side effects and blood pressure changes [46].

Application in Treatment Resistant Depression

One of the most remarkable breakthroughs in ketamine research
is its ability to produce rapid and significant improvements in
depressive symptoms, even in cases of TRD [1,7,29,31,47.,48].
Building on these observed antidepressant effects, ketamine has
emerged as a pivotal treatment option for TRD and is increasingly
being investigated in other psychiatric areas. These studies, often
small-scale or randomized, primarily focus on cases of treatment
resistance. Ketamine treatment is highly clinically significant, with
a number needed to treat (NNT) of less than 10 for adults with
TRD across various observation periods [49].

Research has explored numerous factors influencing ketamine’s
effectiveness, including the use of racemic ketamine versus
S-ketamine, variations in dosing strategies, session durations,
administration routes, treatment frequencies, and related protocols.
While most studies emphasize IV racemic ketamine (> 250 trials)
and IN S-ketamine (> 25 trials), important findings have also
emerged regarding alternative administration methods.

The antidepressant effects of ketamine are evident within hours of
treatment and can last for several weeks, providing much-needed
relief for individuals with TRD [20,30]. Importantly, these benefits
extend to patients with comorbid psychiatric disorders, which are
often linked to treatment resistance in MDD [50,51]. Particularly
in cases of comorbidity between borderlione personality disorder
and MDD, the prognosis for both disorders is negatively impacted,
leading to more severe depressive and resistant symptoms, delayed
remission, and shorter periods before relapse. Furthermore,
available treatment options, such as antidepressants, ECT, and
psychotherapy, tend to be significantly less effective in such
individuals [52].

There is robust evidence supporting the persistent antidepressant
effects of both intravenous and intranasal maintenance ketamine
treatments with repeated administration in patients with MDD and
TRD [29-31,37,39,53,54]. Notably, the long-term phase 3 study
SUSTAIN-3 demonstrated that flexible, intermittent S-ketamine
dosing, combined with an oral antidepressant, improved depression
ratings and maintained remission in adults with TRD for up to
4.5 years. This approach showed a consistent safety profile, with
common adverse events including headache, dizziness, and nausea
[55]. To a lesser extent, evidence also supports the sustained
therapeutic potential of oral, intramuscular, and subcutaneous
maintenance ketamine treatments [54].

Ketamine Among Current Treatments for Treatment Resistant
Depression

A recent systematic review and network meta-analysis of
randomized controlled trials (RCTs) involving 12,105 participants
identified ECT, ketamine, esketamine, and psilocybin as superior
first-line treatments for their effectiveness, with ECT and
ketamine offering the best balance between effectiveness and

tolerability. While esketamine and psilocybin were effective, they
demonstrated lower tolerability compared to ECT and ketamine.
In contrast, brexpiprazole and quetiapine showed no significant
efficacy over placebo in response rates [56]. Supporting these
findings, a recent study comparing IN S-ketamine and quetiapine
XR for TRD highlighted that although treatment-emergent adverse
events (TEAEs) were more frequent with IN S-ketamine, they were
generally mild, transient, and often resolved on the same day. This
led to fewer treatment discontinuations compared to quetiapine XR.
With fewer days impacted by TEAEs and a consistent safety profile,
IN S-ketamine demonstrated superior tolerability and efficacy,
solidifying its role in TRD treatment [4]. These observations align
with the outcomes of'a randomized phase I1Ib clinical trial published
recently [57]. Additionally, a study comparing psilocybin and
S-ketamine for TRD revealed that 25 mg psilocybin significantly
reduced depressive symptoms at 21 days post-dose (NNT = 5),
though nausea emerged as a notable side effect (number needed
to harm (NNH) = 5). Meanwhile, fixed-dose S-ketamine (56 mg
and 84 mg) showed significant antidepressant effects at 28 days
post-dose (NNT = 7), with common side effects such as headache,
nausea, dizziness, and dissociation (NNHs <10) [58]. Currently,
ECT is widely regarded as one of the most effective treatments
for TRD, and it is also considered a highly efficient therapeutic
option for non-resistant depression. According to a recent meta-
analysis, ketamine is equally effective as ECT in reducing
depressive symptoms and response to therapy [59]. Another meta-
analysis by involving patients with TRD, also found no significant
difference in efficacy between ECT and ketamine [60]. This study
was supported by an open-label, randomized, noninferiority trial,
where patients with TRD were assigned to either ketamine or
ECT, with ketamine showing noninferior response rates (>50%
symptom reduction) compared to ECT over a 3-week treatment
phase, along with evaluations of memory and quality of life during
a 6-month follow-up [61]. It is worth noting that differences in side
effects were observed, with musculoskeletal adverse effects being
more common in the ECT group, while ketamine was associated
with dissociation [61]. A secondary analysis of the study revealed
greater improvement in depression with IV ketamine in outpatients
with nonpsychotic, moderately severe or severe TRD, suggesting
ketamine as a potential alternative to ECT for these patients [62].
A recent review comparing ketamine and ECT for TRD found
ketamine to have faster but shorter-lasting antidepressant effects
with fewer cognitive deficits, while ECT showed higher long-term
remission rates despite more pronounced cognitive side effects
[63]. Demonstrating superiority to quetiapine and non-inferiority
to ECT suggests that ketamine may be the most effective TRD
intervention currently available.

Distinct Translational Properties of Ketamine

With the increasing focus of psychiatric clinical research
on ketamine and its enantiomers, the exploration of various
psychopathological domains specifically treatable with ketamine
has gained prominence. Among these, its anti-suicidal properties
stand out as particularly noteworthy [64]. Another potential area
of interest is anhedonia, although the findings in this domain are
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less definitive [65-67]. Despite evidence suggesting ketamine’s
anti-suicidal ideation effects, it is essential to emphasize that
studies in this field are highly complex and must contend with the
extraordinarily high placebo effect frequently observed in this area
of research.

In this context, the study by Canuso et al. [68] investigated
the efficacy and safety of IN S-ketamine for rapidly reducing
depressive symptoms, including suicidality, in patients at imminent
risk of suicide. Conducted as a double-blind, randomized, placebo-
controlled trial, participants received either IN S-ketamine (84 mg)
or placebo twice weekly for four weeks, alongside standard-of-care
treatment. The findings revealed that while S-ketamine achieved
a more rapid reduction in depressive symptoms compared to
placebo, the difference in the reduction of suicidality between the
two groups was not statistically significant. Adding to this body of
research, the first meta-analysis evaluating the anti-suicidal effects
of IV ketamine analyzed data from 10 out of 11 randomized clinical
trials that used either saline or midazolam as control interventions
[69]. This analysis included 167 participants with baseline suicidal
ideation and demonstrated that IV ketamine rapidly reduced
suicidal thoughts within one day, with effects lasting up to one
week. Interestingly, these anti-suicidal effects appeared partially
independent of mood improvements [69].

A broader analysis of randomized controlled trials identified 12
studies in which the reduction of suicidal ideation was the primary
objective and 14 studies where it was a secondary outcome [70].
Results indicated that IV racemic ketamine exhibited significant
superiority over control drugs, such as placebo or midazolam,
within the first 72 hours, despite substantial placebo effects.
Adverse events associated with ketamine were generally minor
and transient. Conversely, IN S-ketamine did not show significant
differences compared to placebo, while SC racemic ketamine
demonstrated promising outcomes [70,71]. Overall, IV racemic
ketamine demonstrated efficacy in reducing suicidal ideation,
particularly within the initial 72 hours, although various research
gaps remain. A recent review highlighted that both IV racemic
ketamine and IN S-ketamine have significant anti-suicidal
ideation effects [72]. Racemic ketamine produced a large anti-
suicidal ideation effect within 4 to 6 hours and a medium-to-large
effect within 24 hours, while S-ketamine exhibited a smaller but
consistent anti-suicidal effect over the same timeframes [72].

In a recent study by Singh et al. [73], it was noted that patients with
TRD and baseline suicidal ideation required more ketamine or
S-ketamine treatments to achieve a therapeutic response compared
to those without such ideation. This suggests that baseline suicidal
ideation may correlate with a slower response to these treatments
in TRD patients.

Safety and Recommendations

Side effects

The common acute side effects of ketamine and its enantiomers are
generally mild, temporary, and self-limiting, including symptoms

such as dissociation, hallucinations, nausea, headache, elevated
heart rate, and elevated blood pressure. Among these, dissociation
is the most frequently observed acute adverse event, occurring
in 15% [74] up to 25% [47] of patients, while hallucinations are
reported in fewer than 5% of cases [74,75]. Clinical trials of IN
S-ketamine have demonstrated that cognition typically remains
stable or even improves over time [53]. The administration of IV
racemic ketamine and IN S-ketamine, however, must be carried
out by healthcare professionals trained in cardiopulmonary
resuscitation, with monitoring for two hours post-administration
to include blood pressure, heart rate, respiratory rate, and oxygen
saturation [75].

Although the occurrence of cystitis has been reported with chronic,
uncontrolled, or anesthetic doses of ketamine, this adverse event
has not been documented with therapeutic dosages used in
psychiatric treatments [75,76]. While ketamine is also known as
a recreational drug, its use in psychiatry involves approximately
one-tenth of the recreational dosage. Consequently, its addiction
potential is considered low, with patients undergoing therapy
reporting dissociation in about 15% of treatments rather than
euphoria [74,75,77]. Nevertheless, studies specifically exploring
the addiction potential of ketamine in the context of psychiatric
treatment are still lacking. Additionally, an analysis of 14,606
reports from the FDA Adverse Event Reporting System on
IN S-ketamine identified 518 adverse event signals, primarily
involving psychiatric (33.20%) and nervous system (16.67%)
disorders. Dissociation exhibited the highest occurrence rates
and signal intensity, with additional strong signals for sedation,
dissociative disorders, and rare events such as impaired hand-
eye coordination. These findings underscore the need for close
monitoring of psychiatric and nervous system effects, including
those not mentioned in the product’s summary of characteristics
[78].

Contraindications

Although ketamine holds potential as a therapeutic agent, it is
essential to carefully evaluate contraindications prior to its use.
Caution is advised for individuals with uncontrolled hypertension, a
history of psychosis, or cardiovascular disorders [75]. Furthermore,
ketamine is not recommended for pregnant individuals or those
with a history of substance abuse [75]. Ketamine is not inherently
contraindicated for individuals with borderline personality
disorder, especially when comorbid with TRD. However, its use in
this population requires careful consideration, as no standardized
protocols currently exist. Combining ketamine treatment with
psychotherapy might enhance outcomes, but more research is
needed to establish clear guidelines and ensure safety [52].

Medication Interactions

Ketamine is a lipophilic compound that is mainly metabolized by
the enzymes CYP3A4 and CYP2B6, without inducing or inhibiting
their activity [16]. Notably, it does not significantly interact
with commonly prescribed traditional antidepressants, second-
generation antipsychotics, lithium, or antiepileptic drugs [79].
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However, recent case reports have questioned earlier conclusions,
showing comparable results in patients treated with a combination
of racemic IV ketamine and monoamine oxidase inhibitors
(MAOIs) [79]. These observations were further corroborated by
a recent case series examining the use of IN S-ketamine alongside
irreversible, nonselective MAOIs [80].

In clinical settings, ketamine’s efficacy has been observed to
diminish when administered alongside benzodiazepines. This
reduction in effectiveness may stem from increased inhibition
of pyramidal neurons, which counteracts ketamine’s suppression
of GABA interneurons through its antagonism of extrasynaptic
NMDAR [81]. To maximize treatment benefits, minimizing the
use of benzodiazepines (and Z-drugs) is recommended for patients
undergoing ketamine therapy for depression [81]. While ketamine
does not cause respiratory depression, it can enhance the sedative
effects of other substances like barbiturates, opioids, and alcohol
[16,82].

Lamotrigine, a molecule of interest in conjunction with ketamine,
is thought to produce psychiatric effects by blocking NMDAR
[83]. Preclinical research indicates that lamotrigine may amplify
ketamine’s antidepressant properties by fostering neuroplasticity,
reinforcing synaptic connections, and mitigating lipid damage in
the hippocampus [84]. However, large-scale controlled studies
exploring the combined use of ketamine and lamotrigine have yet to
be conducted. Although the evidence for synergistic antidepressant
effects of ketamine and lamotrigine is still limited, some reports
suggest that lamotrigine may reduce ketamine-related side effects
and potentially curb cravings for ketamine [85].

Recommendations

Specific guidelines for the use of ketamine in psychiatric treatment
are currently available only for TRD. Even within this scope,
developing clear recommendations remains challenging due to
the absence of a universally accepted definition of TRD. The most
commonly referenced definition, derived from the STAR*D Trial,
identifies TRD as the failure to achieve a therapeutic response
following two adequate antidepressant treatments [87]. However,
consensus on this definition has proven difficult, largely because
there are no standardized criteria for what constitutes an adequate
treatment trial failure. Moreover, debates persist regarding
whether non-pharmacological treatments should be factored into
the definition of TRD.

The Canadian Network for Mood and Anxiety Treatments
(CANMAT) established a task force to assess the efficacy and
safety of racemic ketamine and provide evidence-based clinical
recommendations [82]. Their evaluation concluded that IV racemic
ketamine has Level 1 evidence for efficacy in adults with TRD.
However, the evidence supporting multiple infusions whether as an
acute series or for maintenance therapy is limited, corresponding
to Level 3 evidence. Adverse effects of ketamine infusions include
behavioral issues, such as dissociation, and physiological effects,
such as hypertension. Evidence for non-IV formulations of
racemic ketamine is even more limited, ranging from Level 3 to

Level 4. CANMAT’s recommendations for IV racemic ketamine
cover key considerations, including patient selection, facility and
personnel requirements, treatment monitoring, and strategies to
sustain treatment response.

The British National Institute for Health and Care Excellence
(NICE) advises IV racemic ketamine only after five consecutive
unsuccessful treatments [87]. These treatments include two trials of
selective serotonin reuptake inhibitors (SSRIs), an antidepressant
from another class, augmentation therapy, a combination of
antidepressants, and ECT. NICE classifies racemic ketamine
as a sixth-line treatment, limited to use in hospitalized patients.
Additionally, NICE’s 2020 guidance did not recommend the use of
IN S-ketamine for TRD, citing concerns about clinical efficacy and
cost-effectiveness [88]. Despite FDA approval in 2019, NICE does
not endorse S-ketamine for MDD in adults at imminent risk of
suicide, as Janssen, the manufacturer, did not submit the necessary
evidence for evaluation. Despite these differences in guidance,
an international panel of mood disorder experts reviewed the
available literature on the efficacy, safety, and tolerability of
racemic ketamine and IN S-ketamine in adults with TRD. They
recommend considering ketamine as an augmentation therapy and
suggest it be used as a third-line option after two unsuccessful
antidepressant treatments [29].
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