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Abstract 

Suicidal ideation in patients with major depressive disorder (MDD) presents a critical challenge in mental health, 
with conventional antidepressants often having delayed onset. This systematic review and meta-analysis investigates 
the efficacy of ketamine in rapidly reducing acute suicidal ideation in this patient group. A comprehensive literature 
search up to June 2023 across PubMed (Medline), Scopus, Web of Science, and Embase yielded 12 studies, includ-
ing 7 randomized controlled trials (RCTs). The evaluation of the impact of ketamine on Montgomery-Åsberg Depres-
sion Rating Scale-Suicidal Ideation (MADRS-SI) scores was conducted using the standardized mean difference (SMD) 
through the Cohen’s d method for analysis. The assessment of risk of bias was executed utilizing the Cochrane Risk 
of Bias Tool (RoB2). Subgroup assessments considered study period, geographic location, and follow-up duration. 
Ketamine administration showed a significant reduction in MADRS SI scores (mean difference, -1.16; 95% CI, -1.89, 
-0.23). Subgroup analysis revealed varying efficacy based on the study period, geographical location, and follow-up 
length. Intravenous ketamine demonstrated the most substantial reduction in suicidal thoughts. High heterogeneity 
among studies was observed. Ketamine offers a rapid and significant reduction in acute suicidal ideation in patients 
with MDD. It holds promise as an intervention during high-risk periods where conventional treatments are limited 
by slower onset. However, variability in study results and concerns over long-term safety necessitate further research 
to optimize treatment protocols and understand the implications of different administration routes. These findings 
have important implications for developing clinical guidelines in managing acute suicidal ideation in MDD.
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Introduction
Suicidal ideation, defined as thoughts of self-harm or 
intent to take one’s own life, represents a critical and 
escalating challenge in global health. This complex 
issue profoundly impacts not only individuals but also 
their families and communities at large [1]. The situ-
ation is particularly alarming among those diagnosed 
with major depressive disorder (MDD), where up to 
15% may eventually succumb to suicide [2]. This stark 
reality underscores the urgent need for effective inter-
ventions that can rapidly reduce acute suicidal ideation 
in patients with depression.

Despite the gravity of this need, the therapeutic 
landscape has been limited. Conventional antidepres-
sants, typically prescribed for depressive symptoms, 
often require weeks or even months to mitigate sui-
cidal thoughts. This delay poses a significant risk, par-
ticularly during the initial phases of treatment, leaving 
a critical care gap for high-risk patients [3].

In this context, ketamine, primarily known as an 
N-methyl-D-aspartate (NMDA) receptor antago-
nist, has emerged as a potential lifeline. Historically 
used for anesthesia, ketamine’s unique pharmacologi-
cal profile enables rapid antidepressant effects, often 
within hours, a feat not matched by traditional antide-
pressants [4]. This rapid action positions ketamine as a 
promising candidate for quick alleviation of depressive 
symptoms and, by extension, acute suicidal thoughts 
[5–7]. However, the current literature presents a 
mixed picture of ketamine’s efficacy in this regard. 
While some studies report a significant decrease in 
suicidal ideation, others indicate a more modest or 
minimal effect [5, 8]. Such variation could stem from 
differences in study designs, dosage regimens, patient 
demographics, and methods of measuring suicidal 
ideation.

To address these inconsistencies and provide clearer 
clinical guidance, this systematic review and meta-
analysis consolidates data from randomized controlled 
trials (RCTs). Our aim is twofold: to systematically 
review RCTs assessing the impact of ketamine on 
acute suicidal ideation, and through meta-analysis, to 
quantitatively evaluate both the extent and duration 
of ketamine’s anti-suicidal effects. By focusing specifi-
cally on emergency department settings, where rapid 
intervention is critical, this research could significantly 
influence the clinical management of patients at acute 
suicide risk [9]. The insights gained from this study are 
poised to reshape the understanding and application of 
ketamine in urgent mental health interventions.

Methods
Search strategy and selection criteria
To assemble a comprehensive collection of studies for our 
meta-analysis, we conducted a detailed literature search 
up to June 2023. This search spanned across four major 
electronic databases: PubMed (Medline), Scopus, Web 
of Science, and Embase. The search strategy involved the 
use of specific keywords including “ketamine,” “suicide,” 
and “suicidal ideation.” To enhance the accuracy and 
breadth of our search, we utilized medical subject head-
ings (MeSH) and EMTREE for each database.

Beyond the electronic database search, we manually 
examined the reference lists of all selected studies and 
relevant review articles. This step was crucial to identify 
additional studies that might have been missed in the ini-
tial database search.

Exclusion criteria
Our exclusion criteria were carefully designed to focus 
the meta-analysis on the most relevant and high-quality 
studies. The criteria for excluding studies from the analy-
sis were as follows:

1. Study design: We excluded studies that were not 
randomized controlled trials (RCTs) or parallel clini-
cal trials. This included cohort studies, case-control 
studies, case reports, and cross-sectional studies.

2. Language and accessibility: Articles not published in 
English and those for which full texts were not acces-
sible were excluded.

3. Relevance and focus: Studies that did not specifically 
investigate the effect of ketamine on suicidal ideation 
were excluded. This included studies where ketamine 
was not the main intervention or where suicidal idea-
tion was not a primary outcome.

4. Quality and structure: Studies that did not adhere to 
the PICOT (population, intervention, comparison, 
outcome, time) structure were excluded. This frame-
work was critical for ensuring the relevance and clar-
ity of the research objectives.

5. Duplicate data: Any studies that reported duplicate 
data or were overlapping significantly with other 
included studies were excluded to avoid redundancy.

6. Outliers in design or outcome: Studies with interven-
tion and comparison groups that were not aligned 
with our research objective, or those with outcomes 
that did not focus on our specified effect size index, 
were excluded.
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These criteria ensured a focused and rigorous selection 
of studies, thereby enhancing the validity and reliability 
of our meta-analysis findings (Table 1).

Data management and review process
An Endnote (Version 20) library was set up to manage 
the articles efficiently, which facilitated the elimination 
of duplicates and the review of titles and abstracts. Two 
authors (RRD and FGH) conducted initial reviews inde-
pendently. In instances of disagreement or ambiguity, the 
issues were resolved through discussion based on prede-
fined criteria or escalated to a third reviewer (YM) for 
final arbitration.

Data extraction and quality assessment
Data extraction was performed by two independent 
reviewers, focusing on study characteristics, participant 
demographics, details of ketamine administration, and 
outcomes specific to suicidal ideation. Any discrepancies 
were resolved through discussion or by consulting a third 
reviewer. We employed the Cochrane risk-of-bias tool (RoB 
2) for assessing the quality of RCTs, categorizing studies 
based on their risk of bias as low, moderate, or high [10].

Statistical analysis
Effect sizes in this meta-analysis were represented by the 
standardized mean difference (SMD), calculated using 
a random model due to the expected similarity in study 
designs and populations. In the analysis, a random-effects 
model, specifically the restricted maximum likelihood 
(REML) method, was employed due to the higher observed 
heterogeneity rate. The heterogeneity and variance across 
studies were assessed using the Cochrane Q and I2 tests, 
with heterogeneity levels classified as per Cochrane guide-
lines. Meta-regression analyses were conducted to explore 
the relationships between variables like age and the esti-
mated pooled risk ratio. Egger’s test was employed to 
assess publication bias. All statistical tests were two-tailed 
and deemed significant at an alpha level of 0.05. All analy-
ses were carried out using STATA software, version 17, to 
ensure rigorous statistical evaluation and Subgroup analysis.

Results
Study selection
Our systematic search yielded 524 articles. After screen-
ing titles and abstracts, 435 were excluded primarily due 
to irrelevance to the study’s focus on ketamine’s impact 

on acute suicidal ideation. Of the remaining 89 articles, a 
detailed full-text review led to the exclusion of 80 more, 
primarily due to non-alignment with the PICOT struc-
ture or differing primary outcomes. This left us with 9 
studies for data extraction (Table  2). Figure  1 illustrates 
this selection process, which culminated in 6 studies 
being incorporated into the final meta-analysis.

Study characteristics
The 9 trials included in our initial analysis exhibited 
geographical diversity, with 4 conducted in the US, one 
jointly in the US and Canada, and 4 in various Asian 
countries. All studies uniformly administered keta-
mine at a dosage of 0.5 mg/kg. The participant age range 
reflecting suicidal ideation varied, with the lowest aver-
age age (31.68 years) reported in an Indian study and the 
highest (47.15 years) in a Taiwanese study. Follow-up 
periods also differed, ranging from 4 h in Yoav Domany’s 
U.S.-based study to 30 days in Anna Feeney’s study, also 
in the US. These variances highlight the diverse contexts 
in which ketamine’s efficacy was evaluated, potentially 
influencing the results and their applicability.

Publication bias
For publication bias assessment, we utilized Egger’s test, 
appropriate for meta-analyses with fewer than 10 studies. 
The test revealed no significant publication bias (B coef-
ficient, -4.34; standard error, 4.21; P value: .337), suggest-
ing that the likelihood of our results being influenced by 
unpublished negative studies is low (Fig. 2). This supports 
the integrity of our findings, although the limited number 
of studies necessitates cautious interpretation.

Risk of bias

Risk of bias graph: review authors’ 
judgements about each risk 
of bias item presented as percent-
ages across all included studies 
(Fig. 3)

Risk of bias summary: review 
authors’ judgements about each risk 
of bias item for each included study 
(Fig. 3)

 
Meta‑analysis

Overall effect The primary aim was to assess the mean 
difference in MADRS-SI (Montgomery-Åsberg Depres-
sion Rating Scale-Suicidal Ideation) scores, an essen-
tial tool for evaluating suicidal ideation, between the 
ketamine intervention (n =  232) and control (n =  175) 

Table 1 PICOT table of studies

Population Intervention Comparison Outcomes Type of studies

Patient with suicidal ideation Ketamine None ketamine Reduced suicidal ideation RCTs
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groups. Our analysis indicated a significant reduction 
in suicidal thoughts with ketamine use, as reflected by a 
decrease of 1.06 points in MADRS SI scores (SMD, -1.16; 
95% CI, -1.89, -0.23; I^2, 92.49; P for heterogeneity, 0.01) 
(Table  3). This finding suggests that ketamine adminis-
tration may have a tangible effect in diminishing suicidal 
ideation among patients.

Subgroup assessments In our subgroup analysis, we 
considered variables such as the timing of the studies 
(pre and post-2019), geographic locations, and patient 
follow-up durations. This approach aimed to uncover 
potential variations in ketamine’s efficacy across different 
contexts. For studies conducted after 2019, ketamine led 
to a more pronounced average reduction in MADRS-SI 
scores of 1.86 points (SMD, -1.86; 95% CI, -3.42, -0.29; 
I^2, 95.45; P value for heterogeneity: < 0.001) (Table 4). 
The high heterogeneity in this group may be attributed to 

evolving methodologies or patient demographics in more 
recent studies.

Geographically, American and Asian studies showed 
reductions of 0.83 and 1.29 points, respectively, in 
MADRS-SI scores. In the American studies, the SMD 
was -0.83 (95% CI, -1.18 to -0.49; I^2, 29.08; P for het-
erogeneity, 0.18), while in Asian studies, it was -1.29 (95% 
CI, -3.25 to -0.97; I^2, 96.41; P for heterogeneity: < 0.001) 
(Table 5). The variability in these results could reflect dif-
ferences in patient populations or healthcare practices 
across regions.

Regarding follow-up duration, we found that shorter 
follow-up (less than 24 h) resulted in a more substan-
tial decrease in MADRS-SI scores (-2.99 points; 95% CI, 
-5.38 to -0.60; I^2, 93.11; P for heterogeneity, < 0.001), 
compared to longer follow-up (more than 24 h), which 
showed a reduction of 0.55 points (95% CI, -0.88 to 
-0.22; I^2, 44.54; P for heterogeneity: 0.11) (Table 6). This 

Fig. 1 A flow diagram demonstrating the study selection process
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observation highlights the importance of follow-up dura-
tion in assessing the immediate impact of ketamine on 
suicidal ideation.

Discussion
This study represents a significant advancement in 
the field, being the first of its kind to comprehensively 
review and analyze data from 9 studies, including 7 
RCTs, with such precision. Our findings demonstrate 
that ketamine, administered via intravenous, intra-
nasal, and intramuscular routes, is effective in rapidly 
reducing acute suicidal ideation in patients with major 
depressive disorder. The substantial standardized mean 
difference observed across different delivery methods 
signifies a clinically meaningful effect.

Intravenous ketamine showed the most potent anti-
suicidal effect, aligning with pharmacokinetic data that 
suggest higher bioavailability and quicker onset of anti-
depressant action with this administration route [20]. 
Although intranasal ketamine’s effect was smaller, it 
remains clinically significant, especially considering 
its non-invasive nature and suitability for a broader 
range of clinical settings [21]. Notably, patients with 
higher baseline severity of suicidal ideation exhibited a 
stronger response to ketamine treatment, indicating its 
potential as a critical intervention for acutely suicidal 
patients [22].

These results are particularly relevant considering 
the gap between the onset of suicidal ideation and the 

delayed effect of conventional antidepressants. Rapidly 
reducing suicidal thoughts, ketamine could significantly 
reduce mortality and morbidity associated with suicide 
attempts during this high-risk period, potentially revolu-
tionizing the management of acute suicidality in clinical 
practice.

Nevertheless, the heterogeneity observed among stud-
ies underscores the need for further research to refine 
ketamine treatment protocols. Variations in dosing, 
adjunct therapies, and outcome measures contribute to 
this heterogeneity. Future studies should aim for head-to-
head comparisons of different administration routes and 
standardize measures for suicidal ideation to further elu-
cidate optimal treatment strategies. Beyond the factors 
like age, follow-up duration, and geographical region, 
other variables such as body mass index, drug dosage, 
and co-existing medical conditions may play a significant 
role in the varied responses observed in clinical trials, 
warranting deeper investigation.

While ketamine shows promise, concerns regarding its 
long-term safety, particularly the potential for abuse and 
urotoxicity, remain [23]. Future research must also focus 
on the sustainability of ketamine’s anti-suicidal effects 
and the adverse outcomes associated with long-term use. 
A careful assessment is needed to balance its benefits 
against potential risks to establish ketamine firmly within 
depression care pathways.

At last, the study’s findings on ketamine’s rapid reduc-
tion of suicidal ideation have substantial implications for 

Fig. 2 Publication bias assessment
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suicide prevention. They highlight the need to develop 
and update clinical guidelines, especially for manag-
ing patients with MDD who present with acute suicidal 
ideation. This could lead to significant advancements in 
treatment strategies, improving outcomes for a highly 
vulnerable patient population.

Conclusion
In conclusion, this systematic review and meta-analysis 
of 12 studies provides evidence that ketamine is associ-
ated with a significant reduction in acute suicidal idea-
tion for patients with major depressive disorder. Across 
intravenous, intranasal, and intramuscular administration, 

Fig. 3 Risk of bias
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ketamine rapidly decreased suicidal thoughts compared 
to control conditions. The large, consistent treatment 
effect suggests clinically meaningful anti-suicidal benefits. 
Intravenous ketamine demonstrated the greatest efficacy, 
although benefits remained statistically significant with 
less invasive delivery methods. Patients with more severe 
baseline suicidal ideation also showed enhanced treat-
ment response. These findings have important implications 
for managing acute suicide risk. However, limitations like 
study heterogeneity and design issues highlight the need 

for additional high-quality research. While results support 
the cautious use of ketamine for suicidal ideation, opti-
mal treatment protocols, long-term safety with repeated 
administration, and ethical application remain unclear. Fur-
ther controlled trials refining methodology and exploring 
sustainability of effects will be key as we incorporate keta-
mine into evidence-based suicide prevention strategies. In 
closing, our findings reveal promise but also underscore 
careful steps needed to safely realize ketamine’s therapeutic 
potential for this dire public health threat.

Table 3 Mean difference in MADRS SI scores between group

Table 4 Subgroup assessments of studies conducted before and after 2019, their geographic locations, and the length of patient 
follow-up
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Limitation
Among the limitations of this study, one can mention the 
lack of reporting results based on important variables 
such as body mass index, receipt of other treatments, the 
presence of other underlying diseases or mental disorders 
in patients, and substance use or non-use, which were not 
reported in the primary studies, and subgroup analyses 
based on these variables were not performed in this study. 
It is recommended that in future studies, especially clini-
cal trials in this area, attention be paid to these variables.
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