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1. Introduction

Major depressive disorder (MDD) is a leading cause of global
disability, affecting nearly 300 million people worldwide [1].
Despite the availability of traditional monoamine-based anti-
depressants, one-third of all patients encounter challenges in
achieving full recovery [2]. Notably, remission rates in major
depression are reportedly less than 15% among patients with
two prior conventional treatment or augmentation failures,
that is, with treatment-resistant depression (TRD) [3]. This
underscores the urgent need for innovative treatment mod-
alities to address the pervasive burden of depression.
Advancements in understanding the neurobiological mechan-
isms of depression have led to the exploration of novel ther-
apeutic pathways to overcome the limitations of conventional
approaches.

Ketamine, an N-methyl-D-aspartate (NMDA) antagonist and
dissociative anesthetic, has emerged as a potent treatment for
TRD. Ketamine has demonstrated rapid and robust alleviation
of symptoms in patients with TRD, with evidence supporting
its efficacy in reducing suicidal ideation [4]. Initial studies
revealed the rapid antidepressant effects of intravenous race-
mic ketamine, although sustainability posed a challenge [5].
Subsequent investigations explored repeated intravenous
doses of racemic ketamine, showing effectiveness in maintain-
ing short-term antidepressant effects [5].

Recognizing the limitations of intravenous administration,
alternative delivery routes for ketamine were explored.
A significant milestone was achieved with the approval of
intranasal esketamine, alongside a conventional antidepres-
sant, by the U.S. Food and Drug Administration (FDA) for
TRD in March 2019. This editorial aims to critically appraise
the evidence supporting the efficacy of ketamine and its
enantiomers in treating treatment-resistant depression and
to provide recommendations for clinicians.

2. Mechanisms of action

Ketamine’s mechanism in treating TRD involves various
neural pathways, with its antidepressant effects stemming

from its ability to disinhibit NMDA receptors on inhibitory
GABA interneurons. This disinhibition leads to enhanced
glutamatergic  activation of  alpha-amino-3-hydroxy-
5-methyl-4-isoxazolepropionic acid receptors (AMPA),
which initiate intracellular signaling cascades involving
brain-derived neurotrophic factor-TrkB-ERK and PI3-AKT-
mammalian target of rapamycin pathways [6]. Recent
investigations also suggest that ketamine’s impact may
extend beyond the glutamate-GABA systems, potentially
involving other low-affinity targets such as opioid recep-
tors, including human-recombinant p, k, and & opioid
receptors [7]. Additionally, emerging evidence indicates
the subgenual anterior cingulate cortex as a critical site
of action for ketamine’s antidepressant effects [7].

3. ketamine and its enantiomers

The exploration of various formulations and delivery routes of
ketamine for TRD has been the focus of numerous studies.
Intranasal esketamine combined with the initiation of a new
antidepressant, or intravenous racemic ketamine administered
either alone or in combination with an antidepressant, has
demonstrated rapid and substantial effectiveness in adults
with TRD in numerous randomized controlled trials [5,8].

The short-term effectiveness of intravenous racemic keta-
mine often necessitates repeated dosing to sustain therapeu-
tic benefits [9]. Studies investigating a range of doses from
0.1-1.0 mg/kg suggest that higher doses (0.5-1.0 mg/kg) exhi-
bit superior efficacy compared to lower doses (0.1-0.2 mg/kg)
one day following administration [10]. Determining the opti-
mal frequency of intravenous administration in patients with
TRD remains a topic of investigation, with one multicenter
double-blind study showing no discernible difference in
acute antidepressant efficacy between twice-weekly and
thrice-weekly intravenous administrations (0.5 mg/kg) [11].

Esketamine is a more potent NMDA receptor antagonist
than its enantiomer R-ketamine [6]. Intranasal esketamine, eval-
uated in numerous registration trials prior to regulatory
approval, was initiated concurrently with a conventional
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antidepressant and compared against a placebo co-
administered with an antidepressant. Effective dosages were
identified as 56 mg and 84 mg, administered twice weekly for 4
weeks, followed by weekly administration for an additional 4
weeks, and subsequently every 1-2weeks thereafter [12].
A meta-analysis of intranasal esketamine augmentation in TRD
revealed significant improvement of depressive symptoms,
notwithstanding a notable placebo response [13].
Nevertheless, subgroup analysis suggested that differences
compared to placebo were not statistically significant in certain
subgroups (e.g. individuals with fewer than 3 previous antide-
pressant failures) [14]. Furthermore, a recent phase 3b, open-
label, single-blind, multicenter trial compared intranasal eske-
tamine with extended-release quetiapine alongside an SSRI or
SNRIin 676 TRD patients. Results showed higher remission rates
at week 8 in the esketamine group (27.1%) compared to the
quetiapine group (17.6%), with fewer relapses in the esketa-
mine group (21.7% vs. 14.1%). Esketamine also demonstrated
better outcomes over 32 weeks, including higher remission and
treatment response rates and greater reduction in MADRS
scores from baseline [15].

Due to the lack of a properly designed head-to-head trial,
the comparative efficacies of intranasal esketamine and intra-
venous racemic ketamine remain uncertain [16]. Nonetheless,
findings from a single study suggested that twice- or thrice-
weekly intravenous racemic ketamine might exhibit superior-
ity over intranasal esketamine [17]. A recent meta-analysis that
compared intranasal and intravenous ketamine formulations
failed to discern a significant difference between the two
formulations or routes of administration in terms of efficacy
at 24 hours, 7 days, and 28 days [12]. Another meta-analysis
concluded that intravenous ketamine may offer superior effi-
cacy and lower dropout rates [5]. However, drawing definitive
conclusions from these analyses is challenging due to the
heterogeneity observed across the studies.

Preliminary reports have also highlighted racemic keta-
mine’s effectiveness in treating TRD through oral, intramuscu-
lar, and subcutaneous formulations. Among these, the oral
formulation has been subject to relatively more studies in
TRD, with evidence indicating efficacy after repeated dosing,
although data on efficacy remains insufficient [18,19].

Importantly, although R-ketamine is a far less potent
NMDA receptor antagonist than S-ketamine, increasing pre-
clinical evidence suggests R-ketamine may have more potent
and longer lasting antidepressant effects than S-ketamine,
alongside fewer side effects [20-22]. As a matter of fact,
a pilot trial of R-ketamine has demonstrated rapid-acting
and sustained antidepressant effects in individuals with treat-
ment-resistant depression [23]. However, head-to-head com-
parisons with S-ketamine and racemic ketamine are
necessary. The precise molecular target for R-ketamine’s
effects is not definitively known, but evidence suggests the
ol receptor is a strong candidate [24]. o1 receptors are
ligand-regulated transmembrane proteins expressed by neu-
rons, microglia, astrocytes, and oligodendrocytes [25].
Agonists of o1 receptors such as R-Ketamine can shift micro-
glia polarization from pro-inflammatory to reparative [25].
Importantly, o1 receptor stimulation is considered a valid
target for novel antidepressants [26].

Finally, whilst ketamine may have antidepressant proper-
ties, its acute psychoactive effects complicate successful mask-
ing in placebo-controlled trials [27]. Importantly, in a recent
study assessing the antidepressant efficacy of intravenous
ketamine versus placebo a completing blinding of the partici-
pants was obtained with surgical anesthesia. Results showed
no significant difference between ketamine and placebo [27].

4. Ketamine and ECT

Electroconvulsive therapy (ECT) remains widely recognized as
the gold standard to treat TRD due to its high efficacy.
However, concerns persist regarding its cognitive adverse
effects and the challenges associated with administration. In
a recent meta-analysis by Rhee et al., 2022, six clinical trials
comprising 340 patients (162 for ECT and 178 for ketamine)
were included. The overall pooled standardized mean differ-
ence for depression symptoms favored ECT over racemic keta-
mine (IV and IM), suggesting its superiority in improving
depression severity [28]. Additionally, Anand et al., 2023 con-
ducted an open-label, noninferiority trial involving 403 TRD
patients without psychosis, randomized to receive either IV
ketamine or ECT in a 1:1 ratio [29]. Results indicated that
55.4% of the ketamine group and 41.2% of the ECT group
achieved treatment response, with ketamine deemed nonin-
ferior to ECT. However, it is noteworthy that response rates in
certain ECT subgroups were unexpectedly low, which contra-
dicts existing literature citing response rates as high as 80-
90% [30].

5. Adverse events

Currently, studies on the safety of Esketamine for long-term
and repeated treatment are relatively limited. In their recent
research, Jiang et al., (2023) evaluated the U.S. Food and Drug
Adverse Event Reporting System (FAERS) database [31].
Analysis of FAERS data indicates higher AE reports among
females aged 18-65, with common issues including dissocia-
tion, sedation, nausea, vomiting, anxiety, elevated blood pres-
sure, dizziness, and suicidal ideation. Serious risks such as
increased hospitalization and death were also linked to
Esketamine. Moreover, Esketamine’s effects on mood and
mental states, including euphoric mood, feeling of relaxation,
and feeling drunk, could substantially increase the risk of
misuse and addiction. Despite its use in treating suicidal
patients, there is a notable incidence of suicidal ideation and
attempts. Further, long-term administration of esketamine for
has been associated with an increase in lower urinary tract
symptoms (LUTS), including dysuria, pollakiuria, urgency,
nephrolithiasis, hematuria, and incontinence [32]. There are
also reports of ketamine-induced cystitis [33].

6. Expert opinion

Ketamine has been extensively studied for its efficacy in
treating TRD, with various formulations and delivery routes
investigated. Studies have shown that intranasal esketamine
or intravenous racemic ketamine, rapidly and substantially
alleviate symptoms in adults with TRD. The effectiveness of



intravenous racemic ketamine often requires repeated dos-
ing, with higher doses (0.5-1.0 mg/kg) showing superior
efficacy compared to lower doses (0.1-0.2 mg/kg). While
the optimal dosing frequency remains under investigation,
studies have demonstrated acute antidepressant efficacy
with both twice-weekly and thrice-weekly intravenous
administrations. Intranasal esketamine, evaluated in numer-
ous trials, has shown significant improvement in TRD, with
effective dosages identified as 56mg and 84mag.
Esketamine provides TRD patients an option that has been
FDA approved and eliminates the logistical challenges asso-
ciated with racemic ketamine. Esketamine may be an alter-
native or even provide greater efficacy than currently
available adjunctive medications such as quetiapine.
However, the comparative efficacy between intranasal eske-
tamine and intravenous racemic ketamine remains uncer-
tain due to the lack of properly designed head-to-head
trials. Finally, clinicians should monitor for common esketa-
mine side effects, and be aware of serious adverse events
like increased risk of suicide, misuse and addiction. For long
term use, the screening of LUTS is essential.

ECT remains the gold standard treatment for TRD but is
associated with cognitive adverse effects and logistical chal-
lenges. A recent meta-analysis suggest that ECT may be
superior to racemic ketamine in addressing depression sever-
ity in the acute phase. However, in a recent study racemic
ketamine has been deemed noninferior to ECT in achieving
treatment response. Nonetheless, in this study response rates
in certain ECT subgroups were unexpectedly low, contradict-
ing previous literature. However, the cognitive side effects
and stigma associated with ECT treatments lead to patient
preference for esketamine as an alternative. While there’s
ample evidence indicating that high doses of ketamine can
cause long-term cognitive deficits, clinical trials with esketa-
mine have shown that cognition generally remains stable or
even improves with time, suggesting that when used cor-
rectly, there’s no added risk of cognitive impairment (Nikayin
et al, 2022).

In conclusion, ketamine and its enantiomer, esketamine,
present promising avenues for the treatment of TRD.
Research has demonstrated their rapid and substantial allevia-
tion of symptoms in adults with TRD, offering hope to those
who have not responded to traditional antidepressant thera-
pies. While uncertainties remain regarding the comparative
efficacy between different formulations and delivery routes,
the growing body of evidence supporting the efficacy of
ketamine and esketamine trials provides hope for individuals
struggling with TRD.
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