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BACKGROUND: Suicide is a global public health problem with few empirically supported treatments.
METHODS: We conducted a systematic review of clinical trials (CT) since 2020 of racemic ketamine or one of its enantiomers’ (R/S)
potential to reduce suicidal ideation or behavior (SIB). An initial PubMed search on April 15th, 2024 yielded 2483 results. 104
relevant CTs were identified. An additional search using other search engines on March 19th, 2024 yielded 52 sources. After
screening, 14 RCTs met the inclusion criteria which required clinically significant SIB among participants, ketamine or one of its
enantiomers as an anti-SIB treatment, and SIB as an outcome. We excluded neuroimaging studies, meta-analyses, reviews, and case
reports. Open-label studies were also excluded except in the case of R-ketamine where we included 2 open trials due to limited
published data for this enantiomer, yielding a total of 16 CTs. We used the Revised Cochrane risk-of-bias tool for the RCTs. CTs
reviewed had suicidal ideation (SI) but none had suicidal behavior as an outcome.
RESULTS: The studies include ketamine augmentation of other treatments such as electroconvulsive therapy (ECT), various routes
of administration – intravenous (IV), intramuscular (IM), and intranasal (IN) – and single versus multiple dose designs. Multiple doses
of IV ketamine/S-ketamine produced reductions in SI for periods of several days to weeks, while single doses showed shorter, more
variable effects. Multiple and single doses of IN ketamine/S-ketamine and single doses of IV ketamine produced less consistent anti-
SI results. IN and IV ketamine/S-ketamine administration appears to be well tolerated. R-ketamine appears to produce fewer side
effects, but additional clinical research is needed to clarify its antidepressant and anti-SI effects in humans.
CONCLUSION: This review affirms the time-limited, anti-SI effects of ketamine and the need for personalized treatment. Limitations
include study heterogeneity, small samples, and paucity of data for suicidal behavior or R-ketamine.
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INTRODUCTION
Suicide remains a devastating global public health problem,
ranking as the fourth leading cause of death worldwide in
adolescents and young adults [1]. Suicide rates in the United
States have risen almost every year since 2000 and exceeded
49,000 deaths in 2022 [2]. Antidepressant medications and
psychotherapy are evidence-based treatments for depressive
disorders that most commonly underlie suicidal ideation and
behavior (SIB), but despite expanded use, approximately 76% of
suicide decedents are not on psychotropic medications at the
time of death [3]. Reasons likely include obstacles to treatment
such as failure to seek help, poor insight, stigma, inadequate
insurance coverage, limited treatment resources, and possibly the
slow onset of therapeutic benefit over weeks to months [4].
Ketamine has emerged as a promising and rapid-acting

treatment for suicidal ideation (SI) [5–7]. Ketamine is novel in its
rapid onset of action and efficacy in Treatment-Resistant Depression
(TRD) [8]. Ketamine is a racemic mixture of two enantiomers — (S)-
ketamine (esketamine) and (R)-ketamine (arketamine). Human
studies in psychiatry have mostly used the racemic compound.
Most enantiomer-specific data come from industry studies leading
to the 2019 approval of S-ketamine in addition to standard
medication for TRD and acute suicidal ideation [9, 10].

Early studies in the anesthesiology literature suggested less
psychomotor impairment with S- or R- compared with racemic
ketamine [11–14]. More recent RCTs in TRD [15] and healthy
volunteers [16] demonstrated similar neurocognitive and hemody-
namic side effects with sub-anesthetic S- or racemic ketamine. A
meta-analysis in depression found that racemic ketamine had better
overall response and remission from depression, as well as fewer
drop-outs due to adverse events compared to S-ketamine [17].
Overall, studies suggest that S-ketamine causes greater psychoto-
mimetic and cognitive impairment effects than R-ketamine due to
its greater inhibition of NMDA receptors [18]. Clinical research on
R-ketamine remains limited with most published studies using
animal models. Pre-clinical data suggest that R-ketamine may have
potential utility for TRD [19], but additional clinical studies are
needed to verify its effectiveness in humans.
The difference in potency of psychotomimetic and dissociative

symptoms between the enantiomers may influence the anti-SI
and antidepressant responses. There is conflicting research,
however, on whether the dissociative effects of ketamine are
related to its antidepressant and anti-SI effects [20]. Our recent
analysis found that ketamine’s acute dissociative or psychotomi-
metic effects in an IV midazolam-controlled, randomized trial were
not associated with its antidepressant and anti-SI properties [21].
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Our goal was to systematically review the most recent evidence
on the efficacy of ketamine or one of its R/S enantiomers as a
treatment for SIB. Our review focused on randomized controlled
trials (RCT) of ketamine treatment in participants presenting with
clinically significant suicidal ideation (SI). Given the paucity of
human trials of R-ketamine we included two open and one
randomized trial, though their primary focus was depression and
not SI [22–24]. We followed the methodology of our previous
systematic review [25], searching subsequent literature on
“ketamine” and “suicide” to incorporate the latest research since
2020. We also looked at enantiomer-specific studies, and utilized
RCTs with both primary and secondary outcomes for SI. We
included post-hoc analyses of past RCTs and examined safety
results from the included studies.

METHODS
Following PRISMA systematic review guidelines [26], ketamine
and/or one of its (R/S) enantiomers’ effects on SIB. We conducted
a PubMed search on April 15th, 2024 with the following terms
“((ketamine) AND (suicide)) OR (esketamine) OR (arketamine) OR
(S-Ketamine) OR (R-Ketamine))” which yielded 2483 results. We
refined our search by filtering for “clinical trial” and “randomized
controlled trial”(RCT), which yielded 436 studies for possible
inclusion. To pick up where our prior review left off [25], the
current search was limited to publications from 2020–2024
resulting in 222 findings. Of these, 104 studies were found to be
novel and relevant. We incorporated the results of a separate
literature review on March 19th, 2024, that used other search
engines including Google Scholar, and ClinicalTrials.gov. This
identified 52 potential additional sources of which 6 were
duplicates from the PubMed search and 17 were found to be
relevant.
All studies were screened for eligibility using an Excel

spreadsheet with relevant inclusion and exclusion criteria.
Eligibility criteria were: publication year after 2019, RCT, inclusion
of participants with clinically significant SIB, administration of
ketamine or one of its enantiomers as an anti-SIB treatment, and
measurement of SIB as a primary or secondary outcome. Like our
previous systematic review, we excluded: neuroimaging studies,
meta-analyses, reviews, case reports, or open-label studies. While
our inclusion criteria required RCTs, SIB at baseline, and
measurement of SIB as a primary or secondary outcome, due to
the limited number of studies on R-ketamine, we included 2
published open-label trials and 1 RCT. Of these, only one open-
label trial reported SI as an outcome.
We only included post-hoc analyses if the original study was an

RCT. We excluded records based on the abstract and title, and
then read full-text versions of the remaining 121 studies (from
both literature searches) to assess for inclusion.
One reviewer (S.S.), under the supervision of another investi-

gator (M.G.), reviewed the literature and extracted data into a
standardized spreadsheet as follows: country of study enrollment,
publication year, funding, sample size, age and population,
design, intervention, control drug, measure of SIB, and main
findings (Tables 1–3). The included studies use various rating
scales to quantify SIB as an outcome. Beck’s Scale for Suicidal
Ideation, with clinician-rated (SSI) and self-report (BSI) formats, is
an established measure for assessing SI severity [27, 28]. The
Columbia-Suicide Severity Rating Scale (C-SSRS) has sections
assessing SIB [29]. Other instruments such as the Montgomery
Asberg Depression Rating Scale (MADRS) [30] and the Hamilton
Depression Rating Scale (HDRS) [31] each contain one item
assessing SIB but are validated as measures of depression
symptom severity. Other rating scales include the Positive and
Negative Suicide Ideation Inventory (PANSI), a 14-item self-
reported measure assessing SI [32]. The Suicide Probability Scale
(SPS), is a 36-item self-report measure that assesses suicide risk,

well-being, and coping behavior [33]. The Suicide Ideation and
Behavior Assessment Tool (SIBAT) is a clinician- and patient-
reported assessment of SIB which includes the Clinical Global
Impression–Severity of Suicidality–revised (CGI-SS-r), Clinical
Global Impression of Imminent Suicide Risk (CGI-SR-I), and
clinician- and patient-reported Frequency of Suicidal Thinking
(FoST) [34]. The Clinical Global Impression (CGI) is a 3-item
observer-rated scale assessing severity, global improvement or
change, and therapeutic response [35].
We used the Revised Cochrane risk-of-bias tool for randomized

trials (RoB 2) to examine potential bias in the included RCT studies
(see online supplement for details) [36].

RESULTS
Sixteen studies were included in this systematic review. Four
studies were identified from an independent literature review, and
twelve were identified from a PubMed search. Figure 1 depicts a
flowchart of the article selection process.
From the included studies, ten were independent RCTs, and

four were secondary analyses of prior RCTs. Two studies were
open-label R-ketamine trials. Tables 1, 2, and 3 outline character-
istics, respectively, of novel RCTs, post-hoc analyses of prior RCTs,
and open-label R-ketamine CTs. The examination of bias using
RoB-2 is summarized in Fig. 2 (see online supplement for details).
Table 4 provides relevant information on experimental setup (IM,
IN, IV), frequency of treatment (single vs multiple), type of drug
(racemic vs S- or R-ketamine), and type of analysis (independent vs
post-hoc). For brevity, we refer to racemic ketamine as “ketamine”
or specify an enantiomer.
Several studies were excluded due to specific criteria. Floden et

al. and Turkoz et al. were secondary analyses of previous RCTs
(TRANSFORM I and TRANSFORM II) which we excluded because
they did not enroll individuals with SI. Cigognini et al. [37], an
ongoing trial, and Ren et al. [38] were excluded for the same
reason. We removed Averill et al. because the study design
involved an open-label ketamine infusion. Lastly, we removed Loo
et al. because they did not report results for SI despite the fact that
it was designated as a secondary outcome. While some studies
included measures examining suicidal behavior (SB), none
reported any outcomes for SB, thus all outcomes we describe
involve anti-SI effects.

Intravenous ketamine or S-ketamine
The majority of IV studies (6 of 8) used racemic ketamine [39–44].
Of these, one parallel assignment, double-blind RCT in a sample of
22 participants with borderline personality disorder and active SI
found numerically greater reduction in SI post-injection with
ketamine as compared to midazolam though the result was not
statistically significant [42]. Others found a significant anti-SI effect
of racemic ketamine that persisted till Day 3 [39], Day 5 [43, 44],
and Week 2 [40].
Abbar and colleagues’ double-blind, saline-controlled RCT

(N= 156 participants with an SSI score > 3) found that ketamine
treatment led to significantly greater rates of remission of SI
(defined as a total SSI score of ≤ 3 at follow-up), on Day 3
compared to those receiving the placebo (95% CI; 1.9 to 7.3,
P < 0.001).
Lin et al. conducted a post-hoc analysis of two double-blind,

midazolam and saline-controlled clinical trials including 65
participants with TRD and suicidal thoughts, as defined by a
MADRS item 10 score ≥ 4. They found superiority of ketamine in
the rate of full remission of SI from Day 1 (p= 0.001) to Day 5 post-
infusion (p= 0.044) [43].
Similarly, Su and colleagues’ double-blind, RCT of 84 outpatients

diagnosed with TRD and SI (MADRS item 10 score ≥ 4) found
greater anti-SI effects of ketamine as compared to midazolam, on
the Columbia-Suicide Severity Rating Scale Ideation Severity
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Subscale (P= 0.040) and MADRS item 10 (P= 0.023), which
persisted for 5 days post-infusion [44].
Ahmed et al. conducted a parallel-arm randomized saline-

controlled trial in 36 patients with TRD and current suicidal risk
“based on psychiatric interview.” No scale cut-off was provided.
They found a significant decrease in total Suicide Probability Scale
(SPS) scores in the ketamine group compared to the control up to
2 weeks post-treatment (P= 0.009) [40].
A secondary analysis of a multisite midazolam-controlled RCT

in 56 subjects with unipolar TRD, in a current MDE, on a stable
antidepressant dose, and with SI (MADRS suicide item score ≥
2) found mixed results. Among participants with clinically
significant baseline SI (MADRS suicide item score ≥ 2), results
showed lower SI at 30 days post-infusion in the IV racemic
ketamine group (2.03 ± 1.59 vs. 3.00 ± 1.41, p= 0.049). How-
ever, in the subgroup who had an early anti-SI response
(MADRS suicide item score < 2 at day 3), there were no
subsequent differences between ketamine and midazolam
groups from Day 5 to Day 30 post-infusion, indicating a rapid
loss of effect [41].
Two studies investigated intravenous S-ketamine [45, 46]. A

randomized, midazolam-controlled trial administered 3 infusions
of S-ketamine (0.25 mg/kg) or midazolam (0.02 mg/kg) over 5 days,
along with standard inpatient care to 54 inpatients with MDD and
SI (C-SSRS ideation score ≥ 1 and SSI Item 4 or 5 score ≥ 2) [46].
Zhou et al. found that the S-ketamine group had greater
improvements in SI as indicated by the mean change in the
C-SSRS ideation score from baseline to day 6 as compared to
midazolam (P= 0.002). Additionally, a significant reduction in the
C-SSRS Intensity score was also observed for S-ketamine
compared to midazolam (P= 0.004). Sustained benefits were not
observed.

One double-blind randomized trial in a naturalistic sample of
59 subjects with TRD and SI (score ≥ 1 for MADRS item 10) tested a
single IV dose of S-ketamine (0.25 mg/kg) versus racemic ketamine
(0.5 mg/kg). Results showed that S- and racemic ketamine were
equally effective in reducing SI in TRD subjects up to 7 days post-
infusion [45].

Intramuscular ketamine
One parallel assignment, non-blinded clinical trial randomized 45
adults with MDD who had been assessed as candidates for
electroconvulsive therapy (ECT) to either ECT or racemic ketamine
given intramuscularly (IM) at 0.5 mg/kg or orally at 1 mg/kg. All
three groups received 6–9 ketamine doses or ECT sessions during
3 weeks and effects on the Beck SSI were analyzed. Results
showed similar anti-SI effects of oral and IM ketamine which were
superior to ECT at 2-weeks (p= 0.033) with a trend toward
superiority at 3 weeks (p= 0.069). The three groups showed equal
anti-depressant effects (P < 0.001 for the HDRS) [47].

Intranasal ketamine or S-ketamine
One of four studies tested intranasal (IN) racemic ketamine in a
double-blind, saline-controlled, proof-of-concept RCT in a trans-
diagnostic sample of 30 subjects, with SI score > 2 on the clinician-
administered C-SSRS and at least 3 on the first five items of the
self-report Beck Scale for Suicidal Ideation (BSS) and in need of
psychiatric hospitalization. Results showed that four squirts (10 mg
each) of IN racemic ketamine each separated by 10min resulted in
a significant decrease in SI at 4 h post-treatment, along with an
80% rate of remission from SI, compared with 33% for the saline
placebo group [48].
The other three reports were from the two Janssen Inc. phase 3

trials of IN S-ketamine for MDD with acute SI [49–51]. In the first

Records identified from PubMed:
n = 222

Records removed before 
screening:

Duplicate from previous 
review (n = 4)

Records screened
(n = 218)

Records excluded on the 
basis of abstract or title; 
Suicide/depression not a 
topic (n = 114)

Full text-article assessed for 
eligibility
(n = 104)

Reports included (n = 12)

Excluded:
Imaging Study (n = 17)
SI not primary or secondary 
outcome (n = 56)
2ndry Data Anal/Post-Hoc 
Data Analysis if original study 
was not an RCT (n = 3)
Open label (n=15)
Animal Models/Basic Science 
(n=1)

Records identified from various 
search engines (Google Scholar, 
and ClinicalTrials.gov):

n=52

Reports included
(n = 4)

Excluded:
Open label (n = 2)
Imaging study (n=1)
SI not primary or 
secondary outcome (n 
= 7)
2ndry Data Anal/Post-
Hoc Data Analysis if 
original study was not 
an RCT (n = 3)
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Total studies included in review
(n = 16)

Records screened 
N=17

Records excluded:
Duplicate records (n=6)
Records published prior to 
2020 (n=25)
Case report (n=3)
Open-label (n=1)

Fig. 1 Flowchart of literature review and screening for articles per PRISMA guidelines. A database search was combined with an independent
search, yielding a total of 16 studies included in the review. The figure outlines all records excluded at each stage of the review, along with the
reasons for exclusion.
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“Aspire 1” study at 51 study sites, 226 adults with non-psychotic
MDD and SI with intent in the past 24 h and clinical need of
psychiatric hospitalization due to suicide risk, were randomized to
84mg of S-ketamine or placebo twice weekly for 4 weeks in
addition to standard oral antidepressant medication [50]. The
primary outcome was change in MADRS total score from baseline
to 24 h post-first dose. The main secondary outcome was change
in Clinical Global Impression of Severity of Suicidality Revised (CGI-
SS-r; rated from 0 [no SI] to 6 [extremely suicidal]) from baseline to
24 h. Results showed superiority for S-ketamine on change in total
MADRS score but not on the SI outcome at 24 h [50]. The second
identically designed “Aspire 2” study at 47 sites, randomized 227
adults with the same eligibility criteria and replicated the Aspire 1
results finding superiority for S-ketamine on reduction in total
MADRS score at 24 h but a non-significant difference from placebo
in SI improvement at 24 h [51]. The third report was a post-hoc
analysis of the pooled Aspire 1 and 2 data which replicated the
MADRS total score and SI results for all patients but found a
statistically significant result for superiority of SI improvement at
24 h for S-ketamine in the subgroup with history of a suicide
attempt (95%CI −0.61 to −0.01) [49].

Single vs multiple doses
The efficacy of IV ketamine or IV S-ketamine in reducing SI may
vary depending on the frequency of administration. Three
abovementioned studies reported a decline in the anti-SI effects
of a single administration of IV ketamine from Day 3 to Day 7
[41, 43, 44]. In contrast, multiple doses of IV ketamine or
S-ketamine were associated with anti-SI effects over longer
periods of 2 days to 6 weeks [39, 40, 46]. Abbar et al. (subjects
received 2 doses over 2 days) observed a greater reduction of SI in
the ketamine compared to the saline placebo group on Day 3,
with a significantly higher remission rate at 72 h post-infusion. At
week 6, the remission rate was numerically greater in the
ketamine than the placebo group (69.5 v 56.3%) though the
difference was not statistically significant (p= 0.7). Ahmed et al. (2
doses ketamine vs saline placebo over 2 weeks) found greater
reductions in SI at 90 min and Week 1 post-ketamine compared to
placebo. Zhou et al. (3 infusions over 5 days) found that,
compared with midazolam, the S-ketamine group had greater
improvements in SI and depressive symptoms from Days 1 to 6
post-infusion. In one SI measure, the SSI-5, they found a greater
number of participants free of SI up to Day 12.
In the post-hoc, pooled analysis of the Janssen Aspire 1 and 2

trials of S-ketamine, more patients in the S-ketamine group
achieved resolution of SI (CGI-SS-r score 0–1) at 4 h after the first
dose compared to placebo (95% CI for difference 5.1–21.3) but the
difference from placebo was not statistically significant at 24 h or
25 days [49]. The authors conclude, “Esketamine nasal spray is
approved in conjunction with an oral antidepressant to treat
depressive symptoms, but not for reducing suicidal ideation or
behavior, in adults with MDD and acute suicidal ideation or
behavior” [49].

Ketamine for augmentation
There were conflicting findings on whether psychiatric diagnosis
or past treatment course could moderate ketamine effects on SI.
Ahmed et al. found that other psychiatric symptoms or personality
disorders did not influence ketamine’s anti-SI response. Mean-
while, Abbar et al. found a stronger anti-SI effect of ketamine in
individuals with bipolar compared to unipolar mood disorder. A
study by Su et al. [44] found the anti-SI effects of ketamine were
particularly notable in participants whose current depressive
episode lasted less than 24 months or who had four or fewer prior
failed trials of antidepressant medication. Similarly, S-ketamine
showed a greater reduction of SI at 24 h among patients with a
history of suicide attempts, compared to placebo [49]. Another
study found that lower cognitive impairment at baseline wasTa
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associated with quicker and more sustained anti-SI effects of
ketamine [43]. None of these findings are replicated by other
independent studies.

R-ketamine
Studies in rodent models of depression suggest that R-ketamine
may be a more potent and longer-lasting antidepressant
compared to S-ketamine [52–55] with fewer dissociative and
psychotomimetic effects and lower abuse potential
[16, 52, 55–57]. The long-lasting antidepressant effect has been
thought to be due to increases in BDNF-TrkB signaling and
synaptogenesis [55]. A comparative study of behavioral side
effects in animal models showed that S-ketamine increased
locomotion and muscle rigidity while R-ketamine did not induce
these effects [58]. Pre-clinical studies yield valuable insights into
ketamine’s potential antidepressant effects and mechanism,
however, their applicability to human psychiatric illness has
obvious limitations, particularly so for suicidal ideation and
behavior which are not seen in animal models [59].

There are few studies of R-ketamine in depressed human
participants and none report effects on SI. A within-subject,
placebo-controlled PET study in ten healthy volunteers found that
R-ketamine induced relaxation whereas S-ketamine produced
psychotic symptoms, including derealization, hallucinations, and
ego-disintegration, however, it is unclear if this non-clinical sample
is relevant to depression [60].
Three R-ketamine studies were included in this review [22–24].

One trial looked at SI as an outcome [24], while the other two
reported on depressive symptoms [22, 23]. An open-label trial in 7
depressed adults found that IV R-ketamine produced fast-onset
and sustained antidepressant effects with a favorable safety
profile [22]. Another open-label trial of R-ketamine in 6
participants with bipolar depression administered two infusions
one week apart at 0.5 and 1.0 mg/kg and found almost 50%
improvement in depressive symptoms 24 h after the 1.0 mg/kg
dose and decreased SI (based on MADRS item 10) by 60% without
significant dissociation [24]. However, the only randomized, saline-
controlled trial, to our knowledge, in 10 depressed adults, found

0 10 20 30 40 50 60 70 80 90 100

Randomiza�on process

Devia�ons from intended interven�ons

Missing outcome data

Measurement of the outcome

Selec�on of the reported result

Overall Bias

As percentage 

Low risk Some concerns High risk

Fig. 2 Percentage estimates of potential bias using the RoB-2 bias tool with studies reviewed. Studies were assessed for potential bias across
five domains: selection of reported results, measurement of the outcome, missing outcome data, deviations from intended interventions, and
the randomization process. Green bars represent low risk, yellow bars represent some concern, and red bars represent high risk. All studies
showed low risk in the missing outcome data, while most studies showed some concern in the selection of reported results.

Table 4. Summary of experimental setup, frequency, and type of ketamine used in selected studies.

Reference Type Experimental Setup Frequency Ketamine Analysis

RCT Open-label IV IN IM Oral Single Multiple R/S S R Primary Secondary

Zhou et al. [46] X X X X X

Fu et al. [50] X X X X X

Leal et al. [23] X X X X X

Bandeira et al. [24] X X X X X

Lin et al. [43] X X X X X

Fineberg et al. [42] X X X X X

Su et al. [44] X X X X X

Ahmed et al. [40] X X X X X

Abbar et al. [39] X X X X X

Domany et al. [48] X X X X X

Ionescu et al. [51] X X X X X

Vieira et al. [45] X X X X X

Canuso et al. [49] X X X X X

Leal et al. [22] X X X X X

Feeney et al. [41] X X X X X

Kheirabadi et al. [47] X X X X X X
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that R-ketamine had almost no dissociative or psychotomimetic
effects, in line with animal studies, but its antidepressant effect did
not separate from placebo [23].

Adverse effects and safety
Most studies found that common adverse effects (e.g. dissociation,
dizziness, hypertension, nausea) occurred during the infusion but
subsided within the same day [22–24, 40, 44, 46–49]. Other studies
highlighted the mild nature of the adverse effects, reporting that
ketamine was well-tolerated with no serious incidents [39, 42, 45].
Some studies indicated that the observed adverse effects were
consistent with the established safety profile of S-ketamine nasal
spray [50, 51].

DISCUSSION
This systematic review of CTs since 2020 supports the efficacy of
ketamine and S-ketamine for rapid but short-term treatment of SI,
with stronger effects in IV and multi-dose administrations
compared, respectively, to IN or single doses. The one RCT
reviewed involving IM ketamine found an equivalent anti-SI effect
to ECT. Our systematic review synthesized evidence from various
administration routes, including IV, IM, and IN, as well as dose
frequencies, and preparations of racemic, S- or R-ketamine.
Multiple doses of IN racemic ketamine or S-ketamine rapidly
reduce SI, within several hours to one day, and suggest a stronger
anti-SI effect with IV compared to IN administration and an
advantage for repeated ketamine treatments to prolong anti-SI
effect beyond a few days to a week [41], Day 5 [44], or Day 7 post-
infusion [43].
Previous studies found equivalent antidepressant responses in

IV versus IM ketamine [61]. As noted above, one study found that
oral and IM ketamine have equal anti-depressant and anti-SI
effects compared with ECT [47]. IM ketamine has 93% bioavail-
ability in adult humans and a plasma half-life similar to IV [62, 63],
whereas IN S-ketamine is about 50% bioavailable [64–66]. Since
the antidepressant response to ketamine is dose-sensitive [67],
lower bioavailability may explain less robust SI benefits from IN
compared with IV ketamine. Consistent with previous studies, this
review found that repeated and single administrations of
ketamine and S-ketamine have common, short-lived side effects,
but generally are well tolerated [8, 68, 69]. Preliminary studies
suggest R-ketamine may have fewer psychomotor side effects, but
an antidepressant effect has yet to be clearly demonstrated in
humans [22–24].
These results for the parent R-enantiomer are consistent with

studies on R-ketamine metabolites, which have also been
investigated for their antidepressant effects and safety properties.
In a Phase I trial, the ketamine metabolite (2R,6R)-Hydroxynorke-
tamine (RR-HNK) was found to be well tolerated at all tested
doses, without serious adverse events in healthy volunteers [70].
However, published reports on potential antidepressant and anti-
SI effects of RR-HNK are conflicting. A pre-clinical study finding
that RR-HNK had antidepressant effects in mice [71] supports the
reported antidepressant [22, 24] and anti-SI effects [24] of
R-ketamine in this review. In contrast, a post-hoc analysis of our
midazolam-controlled RCT in patients with MDD and clinically
significant SI found an inverse association between post-infusion
plasma levels of RR-HNK and improvements in SI and overall
depression from baseline to 24 h post-infusion [72].
This systematic review of recent trials involving varying

ketamine formulations, routes, and frequencies of administration
underscores the complexity of ketamine effects on SI and the
need for personalized treatment. For example, one RCT found
promising effects on SI by oral and IM ketamine as compared to
ECT [47]. A separate RCT of ketamine augmentation that was
excluded from this review found promising effects on SI by
combining IV S-ketamine with ECT [38]. Furthermore, bipolarity,

the length of a depressive episode, and the number of failed trials
of antidepressant treatments may play a moderating role in
ketamine’s anti-SI effect [39, 44]. The age of the study population
may also influence outcomes in that while most studies involved
adult participants, one trial in adolescent inpatients with MDD and
SI reported somewhat longer seeming improvements in SI of up
to 6 days though this is only a single study [46].
Limitations of this review include the heterogeneity of studies in

terms of trial designs, participant characteristics, and SI outcome
measures (Table 1), which may limit the ability to draw overall
conclusions. The relatively small sample sizes of some studies
[42, 48] and the lack of RCT studies of R-ketamine effects on SI
since 2020 are other limitations. Furthermore, due to the inclusion
of secondary analyses, approximately half of the included studies
were found to have ‘some’ concern in the selection of reported
results as they involved a statistical plan developed after the
publication of the original study.
Nonetheless, we believe the review overall supports the

potential role of ketamine – in a range of formulations and
dosing strategies – for the relatively rapid, short-term reduction of
SI. Further research is needed to determine optimal dosing and
administration methods for specific clinical populations. Larger
samples will be required to study potential effects of ketamine on
suicidal behavior, and follow-up studies of long-term safety are
needed. Additional research on efficacy and safety of ketamine in
adolescents would also be important, as suicide is the fourth
leading cause of death worldwide in this age group [1]. Given the
significance of suicide as a public health issue, research to
optimize treatment strategies and clinical outcomes would
advance the field.

Other information
This systematic review followed PRISMA guidelines; a formal
protocol was not registered. All relevant materials, forms, and data
used in the review will be made available upon appropriate
request to the corresponding author. This work was supported by
the National Institutes of Health (NIH) grant MH125155 (PI:
Grunebaum).
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