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A B S T R A C T   

The efficacy of ketamine in reducing suicidal ideation (SI) has been previously reported. We aimed to evaluate 
acute anti-SI effects of single-dose ketamine in different formulations/routes of administration by pooling results 
from randomized controlled trials (RCTs). A systematic search was conducted on Cochrane, Embase, Medline, 
and PubMed from inception to July 1st, 2020. Studies were selected based on pre-determined eligibility criteria. 
Effect sizes of different formulations/routes at various time points were computed using random-effects models. 
With data from nine eligible RCTs (n = 197), the pooled effect size for anti-SI effects at the 24-h time point was 
1.035 (N = 6, CI: 0.793 to 1.277, p < 0.001) for intravenous (IV) racemic ketamine and 1.309 (N = 1, CI: 0.857 
to 1.761, p < 0.001) for intranasal (IN) esketamine. An additional five RCTs were available for qualitative 
analysis. RCTs were identified for oral/sublingual ketamine for depression, however, none of these trials reported 
anti-SI effects preventing quantitative analysis for these routes of delivery. No RCTs for intramuscular (IM) 
ketamine were identified. The findings suggest that single-dose IV ketamine/IN esketamine is associated with 
robust reductions in suicidal thoughts at 2-h, 4-h, and 24-h post-intervention. In addition, future studies on IM/ 
oral/sublingual ketamine and comparative studies are warranted to evaluate the anti-SI efficacy of distinct 
formulations and routes of administration.   

1. Introduction 

According to the World Health Organization (WHO; 2014), the 
global suicide mortality rate is over 800,000 per year while the esti-
mated suicide attempts (SA) are around 16 million per year (WHO, 
2014). Suicide has been identified as the second leading cause of death 
amongst individuals between the ages of 15–29, and high-income 
countries have the highest rates of suicide (Organization and Others, 
2014, 2019). Of further relevance, the current COVID-19 pandemic has 
resulted in unprecedented psychological distress, unemployment rates, 
and financial uncertainty, which is projected to result in a substantial 
increase in suicide rates (McIntyre and Lee, 2020; Xiong et al., 2020). 

Fast-acting anti-suicidality agents are needed for patients experi-
encing severe major depressive episodes or SI (Malhi et al., 2015). The 
National Action Alliance for Suicide Prevention has identified 
rapid-onset psychopharmacological agents for suicidality as a primary 
research vista (Claassen, 2013). The rapid-onset antidepressant effects 
of ketamine have been demonstrated in numerous RCTs (aan het Rot 
et al., 2010; Murrough et al., 2013; Zarate et al., 2006). The clinical 
effectiveness of ketamine in a real-world population presenting with SI 
has also been previously reported by our group in an open-label design 
(McIntyre et al., 2020b). 

Although ketamine’s exact mechanism of action remains to be un-
derstood, it is known to be a non-competitive N-methyl D-aspartate 
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(NMDA) receptor antagonist with effects at a variety of other low- 
affinity targets (Zanos et al., 2016). Esketamine, an enantiomer of ke-
tamine, has recently been approved for treatment-resistant depression 
(TRD) by the U.S Food & Drug Administration (FDA), European Medi-
cines Agency, and Health Canada with additional approvals occurring 
globally. Moreover, in the United States, the FDA has issued a supple-
mental indication for the treatment of adults with MDD with acute 
SI/suicidal behavior (Titusville, 2020). However, its clinical effective-
ness in reducing SI/suicidal behavior and anti-SI mechanisms still 
require further research to establish. In addition, the availability of ke-
tamine in different formulations, routes of administration, and dosage 
raise the possibility of differential efficacy and the design of an optimal 
treatment regimen. 

Extant open-label trials, RCTs, and systematic reviews have 
demonstrated results favoring the acute anti-SI efficacy of ketamine 
(Bartoli et al., 2017; Reinstatler and Youssef, 2015; Wilkinson et al., 
2018; Witt et al., 2020). Reinstatler and Youssef (2015) performed a 
systematic review examining the anti-suicidal efficacy of single-dose 
subanaesthetic ketamine; six clinical studies and three case reports (n 
= 137) were identified in which ketamine was observed to improve 
suicidal ideation as early as 40-min post-treatment and two studies re-
ported a sustained improvement in SI up to 10-day post-ketamine 
(Reinstatler and Youssef, 2015). A meta-analysis of five open-labeled 
trials (n = 99) observed consistently large effect sizes of single-dose 
intravenous (i.v.) ketamine in reducing SI within 4-h 
post-intervention, with the pooled standardized mean difference 
(SMD) being −0.92 (95% CI =−1.40 to −0.44; p < 0.001) (Bartoli et al., 
2017). Moreover, Wilkinson et al. (2018) pooled individual-participant 
level data from 165 subjects from 10 comparison intervention trials, in 
which moderate-to-large effect sizes (Cohen’s d = 0.51 to 0.85) were 
reported at various time points after single-dose i.v. ketamine treatment. 
Importantly, rapid and significant reductions in SI scores were noted on 
both clinician-administered and self-reported scales (p < 0.001 for both) 
(Wilkinson et al., 2018). A recent meta-analysis by Witt et al. (2020) 
examining the short-term and long-term anti-SI effects of single-dose 
ketamine (n = 572) observed similar results that support its effective-
ness. Moderate and significant reductions in SI-scores were noted at 4-h 
(SMD =−0.51, 95% CI = [-1.00, −0.03]), between 12 and 24-h (SMD =
−0.63, 95% CI = [ −0.99, −0.26]), and between 24 and 72-h (SMD =
−0.57, 95% CI = [-0.99, −0.14]) post-ketamine. Nevertheless, several 
caveats should be noted. All included studies in Reinstatler and Youssef 
(2015) and Bartoli et al. (2017) were uncontrolled and non-blinded 
while many studies from Wilkinson et al. (2018) and Witt et al. 
(2020) only implemented single-item from depression inventories for SI 
assessment. Moreover, none of the aforementioned systematic reviews 
compared the effect sizes of distinct formulations/routes of adminis-
tration despite potential differences in their anti-SI efficacy. Herein, we 
conducted a systematic review and meta-analysis in an attempt to 
compare the acute anti-SI effects of single-dose ketamine across different 
formulations/routes of administration with results from RCTs, examine 
potential moderator effects of the SI scales implemented, and provide 
insights into optimizing SI treatment with ketamine. 

2. Methods 

2.1. Search strategy and eligibility criteria 

We systematically searched PubMed, Medline, Embase, and 
Cochrane databases from inception date to July 1st, 2020 following the 
PRISMA guidelines (Preferred Reporting Items for Systematic Review 
and Meta-Analyses) (Moher et al., 2010). Additional studies were 
identified from other sources. The search strings and procedures were 
presented as a supplementary file. Any randomized, placebo-controlled, 
and double-blinded clinical trials that assessed SI within 24-h after 
single-dose ketamine administration were eligible for inclusion. Studies 
were excluded if they: i) only measured SI > 24-h post-intervention. ii) 

were conference abstracts/posters. iii) were observational studies, 
open-label trials, or trials with unpublished data. v) were not available 
in full text. vi) looked at a subpopulation (e.g. pediatric patients). 

Titles, abstracts, and full text of the studies were screened by two 
reviewers (JX and DCL) independently based on eligibility criteria after 
duplicates were removed. Consensuses were reached via a follow-up 
discussion. 

2.2. Data extraction 

Mean differences (with SD) between baseline and endpoint mean 
scores or pre- and post-intervention scores (with SD) in SI measures were 
obtained/calculated from each study. Data from more commonly used 
and validated scales would be extracted if multiple SI scales were 
implemented in a study. Corresponding authors were contacted for data 
if the outcomes at the point of interest were not reported. A period of 
two weeks was given for response, in which three authors responded and 
provided relevant data. The following information were extracted: 1) 
Lead author; 2) Sample size; 3) Sample characteristics; 4) Study design; 
5) Control/placebo (dose); 6) Ketamine (dose); 7) Route of administra-
tion; 8) Method of assessment; 9) Data for effect size calculation; 10) 
Primary findings. If multiple studies reported on the same dataset, the 
study with more exhaustive and relevant information would be 
included. 

2.3. Statistical analysis 

All statistical analyses were performed on Comprehensive Meta- 
Analysis 2.0 & 3.0 (CMA 2.0 & 3.0). Effect sizes (Hedge’s g) were 
computed using pre- and post-intervention mean scores (with SD) at 
points of interest (i.e., 2-h, 230-min/4-h, and 24-h post-treatment) or 
their mean differences (with SD) with calculated t-values. Considering 
the interdependent relationship between pre- and post-intervention 
scores, a conventional correlation of 0.5 was taken into account when 
calculating the effect sizes if correlation coefficients were not reported in 
the study (Newby et al., 2015). A sensitivity analysis was conducted 
using a correlation coefficient of 0.75 and 0.25 to test the robustness of 
the results. For Hedge’s g score, g < 0.2, 0.2 <g < 0.8, and g > 0.8 
indicate small, medium, and large effects respectively. 

A random-effects model was used for pooling effect sizes considering 
a potentially high-degree of between-study heterogeneity. Effect sizes 
were pooled for all trials and for trials with different formulations/ 
routes of administration to compare relative efficacy. Results of pooled 
effect sizes were presented in a forest plot. Meta-regression analyses 
were undertaken to examine any moderation effects of SI scales used 
(multiple-item vs. single-item scales) and the placebo administered 
(saline vs. midazolam). 

Heterogeneity was quantified using I2 statistics. For the I2 statistics, 
25% = small, 50% = moderate, and 75% = high heterogeneity (Higgins 
et al., 2003). Publication bias was examined using funnel plots. Tests for 
funnel plot asymmetry would be conducted as necessary following the 
guidelines (Page et al., 2019). 

A qualitative synthesis of findings was included for RCTs that were 
not presented with sufficient data for inclusion in the meta-analysis. 

2.4. Risk of bias assessment 

Study bias assessment was conducted using the Cochrane risk-of-bias 
tool for randomized trials independently by JX and DCL (Higgins et al. n. 
d.). Potential biases were examined concerning six domains: risk of bias 
arising from randomization process, risk of bias due to deviation from 
intended treatment, risk of bias due to missing outcome data, risk of bias 
in the measurement of outcome, risk of bias in the selection of reported 
results, and overall risk of bias. Any conflicts were resolved through 
further discussion and involvement of a third reviewer (OL). The results 
of the Cochrane-risk-of-bias assessment were presented in Table 1. 
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3. Results 

3.1. Search results 

The procedures of study selection are presented in a PRISMA flow-
chart (Fig. 1). A total of 199 publications were identified from the initial 
search. An additional 17 studies were identified from other sources (e.g. 
review paper, clinical trial report). 166 articles remained after dupli-
cates were removed, of which 75 were excluded after titles and abstracts 

screening, and 91 articles were accessed for full-text evaluation. 77 
publications were removed after the full-text screening for being con-
ference abstracts/posters, being incomplete/ongoing/terminated clin-
ical trials, being duplicates, the absence of results/data, not following 
RCT study design, for lacking SI assessment, for studying subpopulation 
(e.g. pediatric patients/the elderly population). In the remaining 14 
articles, data from nine trials were obtained via extraction from the 
publications/results posted on clinicaltrials.gov/relevant meta-analysis 
(Canuso et al., 2018; Grunebaum et al., 2017; Hu et al., 2016; Ionescu 

Table 1 
Cochrane risk of bias assessment.   

Domain 1: Risk of bias 
arising from the 
randomization process 

Domain 2: Risk of bias due 
to deviations from 
intended treatment 

Domain 3: Risk of 
bias due to missing 
outcome data 

Domain 4: Risk of bias in 
measurement of the 
outcome 

Domain 5: Risk of bias 
in selection of the 
reported result 

Domain 6: 
Overall risk of 
bias 

Canuso et al. 
(2018) 

Low risk Low risk Unclear risk Unclear risk Low risk Unclear risk 

Grunebaum 
et al. (2017) 

Low risk Unclear risk Low risk Low risk Low risk Low risk 

Grunebaum 
et al. (2018) 

Low risk Low risk Unclear risk Unclear risk Low risk Unclear risk 

Hu et al. (2016) Low risk Low risk Unclear risk Low risk Low risk Low risk 
Ionescu et al. 

(2019) 
Low risk Low risk Low risk Unclear risk Low risk Low risk 

Murrough et al. 
(2015) 

Low risk Unclear risk Unclear risk Low risk Low risk Unclear risk 

Phillips et al. 
(2020) 

Low risk Low risk Low risk Low risk Low risk Low risk 

Price et al. 
(2014) 

Unclear risk Low risk Low risk Low risk Low risk Low risk 

Sinyor et al. 
(2018) 

Unclear risk Low risk Low risk Low risk High risk Unclear risk 

Burger et al. 
(2016) 

Low risk Unclear risk Unclear risk Low risk Low risk Unclear risk 

Chen et al. 
(2019) 

Low risk Low risk Unclear risk Low risk Low risk Low risk 

Domany et al., 
2019 

Unclear risk Low risk Low risk Low risk Low risk Low risk 

Fu et al. (2020) Low risk Low risk Unclear risk Unclear risk Low risk Unclear risk 
Zarate et al. 

(2012) 
Low risk Low risk Low risk Low risk Low risk Low risk  

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) study selection flow diagram.  
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et al., 2019; Murrough et al., 2015; Price et al., 2014) or were sent by 
corresponding authors upon contact (Grunebaum et al., 2018; Phillips 
et al., 2020; Sinyor et al., 2018). The other five publications where data 
were not readily available were included only for the qualitative syn-
thesis (Burger et al., 2016; Chen et al., 2019; Domany et al., 2020; Fu 
et al., 2020; Zarate et al., 2012). 

3.2. Study characteristics and quality appraisal 

The total pooled sample of all RCTs (k = 9) included 341 participants 
(n = 197 received racemic ketamine/esketamine, n = 58 received saline, 
n = 123 received midazolam). Seven studies implemented multiple-item 
SI scales (i.e., Beck Scale for Suicide Ideation- BSS/I; Scale for Suicide 
Ideation- SSI; The Columbia-Suicide Severity Rating Scale- C-SSRS) and 
two trials utilized single-item from depression inventories (i.e., The 
Montgomery–Åsberg Depression Rating Scale-Item 10- MADRS-SI; 
Quick Inventory of Depressive Symptomatology- Item 13- QIDS-SI). A 
majority of studies (k = 6) in the meta-analysis utilized midazolam as an 
active control while three used saline. Out of the thirteen studies 
included in the qualitative synthesis, two trials examined IN esketamine 
while the other eleven trials administered IV racemic ketamine. Study 
characteristics were summarized in Table 2. 

3.3. The acute anti-SI efficacy of ketamine with distinct formulations 

Included in the quantitative analysis were eight studies testing the 
efficacy of IV racemic ketamine (Grunebaum et al, 2017, 2018; Hu et al., 
2016; Ionescu et al., 2019; Murrough et al., 2015; Phillips et al., 2020; 
Price et al., 2014; Sinyor et al., 2018) and one study assessing the anti-SI 
effects of IN esketamine (Canuso et al., 2018). While we identified 
several other RCTs evaluating the antidepressant effects of intra-
nasal/sublingual/oral formulations, none of these studies reported sui-
cidality measures so could not be included in the pooled quantitative 
analysis (Arabzadeh et al., 2018; Daly et al., 2018; Domany et al., 2019; 
Fedgchin et al., 2019; Jafarinia et al., 2016; Lapidus et al., 2014). No 
RCTs testing intramuscular/subcutaneous ketamine were identified. 

Effect sizes were summarized in Table 3. The effect size of all for-
mulations across all time points is 1.029 (N = 9, 95% CI: 0.748 to 1.310, 
p < 0.001), indicative of a significantly large effect. The effect sizes for 
both formulations at distinct time points are all large and significant. At 
2-h post-treatment, the effect size for both formulations was 1.633 (N =
3, 95% CI: 0.802 to 2.465 p < 0.001) (Hu et al., 2016; Phillips et al., 
2020; Sinyor et al., 2018). At 230-min/4-h post-intervention, the pooled 
effect size for IV racemic ketamine and IN esketamine was 1.096 (N = 5, 
95% CI: 0.576 to 1.617, p < 0.001) (Canuso et al., 2018; Grunebaum et 
al, 2017, 2018; Hu et al., 2016; Ionescu et al., 2019). At 24-h 
post-intervention, the Hedge’s g score for both formulations was 1.080 
(N = 7, 95% CI: 0.860 to 1.300, p < 0.001) (Canuso et al., 2018; Gru-
nebaum et al, 2017, 2018; Hu et al., 2016; Murrough et al., 2013; 
Phillips et al., 2020; Price et al., 2014). 

Concerning the effect sizes of distinct formulations, IV racemic ke-
tamine had a larger effect size than IN esketamine at 230-min/4-h and a 
smaller effect size at 24-h post-intervention. At 230-min/4-h post- 
treatment, IV racemic ketamine had a g-score of 1.166 (N = 4, 95% 
CI: 0.409 to 1.923, p = 0.003) (Grunebaum et al, 2017, 2018; Hu et al., 
2016; Ionescu et al., 2019). At 24-h post-treatment, IV racemic ketamine 
had a Hedge’s g-score of 1.035 (N = 6, 95% CI: 0.793 to 1.277, p <
0.001) (Grunebaum et al, 2017, 2018; Hu et al., 2016; Murrough et al., 
2013; Phillips et al., 2020; Price et al., 2014). The only eligible study 
that tested IN esketamine had effect sizes of 1.023 (N = 1, 95% CI: 0.615 
to 1.432, p < 0.001) and 1.309 (N = 1, 95% CI: 0.857 to 1.761, p <
0.001) at 230-min/4-h and 24-h post-intervention respectively (Canuso 
et al., 2018). The 2-h effect size of IV racemic ketamine is 1.633 (N = 3, 
95% CI: 0.802 to 2.465, p < 0.001) while the IN esketamine trial did not 
assess SI scores at 2-h post-intervention (Hu et al., 2016; Phillips et al., 
2020; Sinyor et al., 2018). Effect size measures of all studies, grouped by 

routes of administration at different time points were shown in forest 
plots (Figs. 3 – 5). 

Sensitivity analysis using a correlation coefficient of 0.75 or 0.25 
supported the robustness of the results. Meta-regression analyses using 
random-effects models did not detect significant moderator effects of SI 
measurement scales used (single-item vs. multiple items) or the use of 
different (active) placebos (midazolam or saline). 

3.4. A narrative synthesis 

Notable reductions in SI-scores 2-h/230-min/4-h/24-h post- 
intervention were noted in all except one study in which Ionescu et al. 
(2019) only observed a slight and insignificant decrease in SI-scores 4 h 
after a single infusion of 0.5 mg/kg IV racemic ketamine. 

Eleven out of thirteen included studies examined SI-treatment effects 
of IV racemic ketamine. Statistically significant reductions in SI-scores 
were noted in five out of six studies testing IV racemic ketamine at 2-h 
post-treatment (Chen et al., 2019; Domany et al., 2020; Hu et al., 
2016; Phillips et al., 2020; Zarate et al., 2012) while the remaining study 
by Sinyor et al. (2018) did not report on statistical significance due to 
the use of exploratory analysis. Nonetheless, greater reductions in 
SI-scores in patients receiving ketamine were observed (Sinyor et al., 
2018). Four out of seven studies examining SI reductions at 230-min/4-h 
post-treatment reported significantly more robust anti-SI effects of IV 
racemic ketamine compared to the placebo (Burger et al., 2016; Chen 
et al., 2019; Hu et al., 2016; Zarate et al., 2012). The two trials by 
Grunebaum et al. observed notable reductions in SI-scores 230-min/4-h 
after IV racemic ketamine administration that were nevertheless not 
statistically significant compared to the placebo (Grunebaum et al, 
2017, 2018). Differential drug effects from IV racemic ketamine 24 h 
after treatment were reported in four studies (Chen et al., 2019; Hu 
et al., 2016; Price et al., 2014; Zarate et al., 2012). On the other hand, 
the IV racemic ketamine trials by Phillips et al. (2020) and Grunebaum 
et al. (2017, 2018) failed to detect such significant differences when 
compared to the placebo at the 24-h time point. Murrough et al. (2015) 
reported conflicting results with different SI scales, with MADRS-SI 
scores suggesting a significantly greater reduction 24-h 
post-intervention while results from BSI demonstrated significant dif-
ferences at 48-h but not 24-h. 

In the two trials testing IN esketamine, no statistically significant 
improvements in SI were reported in ketamine-treatment patients 
compared to the placebo at the 24-h time point (Canuso et al., 2018; Fu 
et al., 2020). Canuso et al. (2018) also reported SI-score changes 4-h 
post-intervention, at which there were differentially superior SI treat-
ment effects of ketamine compared to the placebo when assessed by 
MADRS-SI. 

3.5. Heterogeneity and publication bias 

The heterogeneity across all studies (k = 9) was moderate-to-high 
and significant (p = 0.018, I2 

= 56.82%). The heterogeneity across IV 
racemic ketamine studies (k = 8) was moderate-to-high and significant 
(p = 0.013, I2 

= 60.56%). The heterogeneity of IN esketamine study 
could not be determined due to the small sample size (k = 1). 

Funnel plot asymmetry (Fig. 2) was observed, indicating potential 
publication bias. Statistical tests for funnel plot asymmetry were not 
recommended as the number of included studies (k = 9) was smaller 
than ten (Page et al., 2019). 

4. Discussion 

This systematic review further established the acute anti-SI effects of 
single-dose IV racemic ketamine/IN esketamine in patients with affec-
tive disorders with the large and significant effect sizes computed from 
nine RCTs comprising 197 ketamine-treated patients. Despite our effort, 
the limited number of RCTs identified renders it improbable to compare 
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Table 2 
Summary of study characteristics.  

Lead author Sample 
size (n) 

Sample 
characteristics 

Study 
design 

Control (dose) Ketamine (dose) Routes SI-scale Statistics for 
effect-size 
calculation 

Hedge’s 
g score 

Study Findings 

Canuso et al. 
(2018) 

C = 31 
E = 34 

Aged 19–64 
years old; MDD 
diagnosis based 
on DSM-IV; 
MADRS ≥22; 
Imminent risk for 
suicide 

Parallel 
RCT 

Saline +
standard-of- 
care 
treatment 

84 mg 
esketamine +
standard-of-care 
treatment 

IN Self-report 
BSS 

4-h mean 
difference 
(mean ± SD): 
Esketamine 
= 10.2 (9.74) 
24-h mean 
difference 
(mean ± SD): 
Esketamine 
=

12.9 (9.63) 

4-h =
1.023 
24-h =
1.309 

Levels of 
improvement in SI 
differed with 
different SI-scales 
being implemented. 
With MADRS-SI, 
significantly greater 
improvement in SI 
was observed 4-h 
post-ketamine but 
not at 24-h or day 25. 
With the clinician 
global judgment of 
suicide risk, no 
statistically 
significant 
differences were 
observed when 
comparing ketamine 
and the placebo. 

Grunebaum 
et al. 
(2017) 

C = 9 
K = 7 

Aged 18–65 
years old; BD 
diagnosis based 
on DSM-IV; 
HDRS-17 ≥ 16; 
SSI ≥4 

Parallel 
RCT 

0.02 mg/kg 
midazolam 

0.5 mg/kg 
racemic 
ketamine 
hydrochloride 

IV Clinician- 
rated 
SSI 

Baseline 
(mean ± SD): 
Ketamine =
16.7 (8.4) 
230-min 
(mean ± SD): 
Ketamine =
5.71 (6.10) 
24-h (mean ±
SD): 
Ketamine =
4.29 (5.74) 

230-min 
=

1.271 
24-h =
1.451 

Reductions in SI were 
noted 230-min and 
24-h post-ketamine. 
Differences were not 
statistically 
significant between 
two treatment groups 
despite the large 
effect size observed 
with ketamine 
treatment. 

Grunebaum 
et al. 
(2018) 

C = 40 
K = 40 

Aged 18–65 
years old; MDD 
diagnosis based 
on DSM-IV; 
HAMD ≥16; SSI 
≥4 

Parallel 
RCT 

0.02 mg/kg 
midazolam 

0.5 mg/kg 
racemic 
ketamine 
hydrochloride 

IV Clinician- 
rated 
SSI 

230-min 
mean 
difference 
(mean ± SD): 
Ketamine =
9.28 (6.99) 
24-h mean 
difference 
(mean ± SD): 
Ketamine =
8.23 (6.99) 

230-min 
=

1.155 
24-h =
1.300 

Clinically meaningful 
improvements in SI 
were observed 230- 
min and 24-h in 
ketamine receiving 
group. 

Ionescu 
et al. 
(2019) 

C = 13 
K = 13 

Aged 18–65 
years old; MDD 
diagnosis based 
on DSM-IV; 
HDRS-28 ≥ 20; 
C-SSRS ≥1 

Parallel 
RCT 

Saline 0.5 mg/kg 
racemic 
ketamine 
hydrochloride 

IV C-SSRS Baseline 
(mean ± SD): 
Ketamine =
14.4 (5.2) 
4-h (mean ±
SD): 
Ketamine =
13.1 (5.5) 

4-h =
0.227 

No obvious and 
significant 
improvement in SI in 
ketamine-treatment 
patients 4 h after 
single-fusion when 
compared to placebo- 
treated patients. 

Hu et al. 
(2016) 

C = 14 
K = 13 

Aged 18–60 
years old; MDD 
diagnosis based 
on DSM-IV; 
HAMD ≥24 

Parallel 
RCT 

Saline + 10 
mg/kg 
escitalopram 

0.5 mg/kg 
racemic 
ketamine 
hydrochloride 
+ 10 mg/kg 
escitalopram 

IV Self-report 
QIDS-SI 

Baseline 
(mean ± SD): 
Ketamine =
1.9 (0.7) 
2-h (mean ±
SD): 
Ketamine =
0.3 (0.4) 
4-h (mean ±
SD): 
Ketamine =
0.3 (0.5) 
24-h (mean ±
SD): 
Ketamine =
0.7 (0.7) 

2-h =
2.462 
4-h =
2.399 
24-h =
1.605 

Adjunctive ketamine 
treatment with 
escitalopram is 
significantly more 
rapid and effective 
than the placebo with 
escitalopram in 
alleviating SI (from 
2-h to 72-h post- 
intervention). 

Murrough 
et al. 
(2015) 

C = 12 
K = 12 

Aged 18–80 
years old; 
Presence of mood 
disorders; 
MADRS-SI ≥4 

Parallel 
RCT 

0.045 mg/kg 
midazolam +
standard-of- 
care 
treatment 

0.5 mg/kg 
racemic 
ketamine 
hydrochloride 

IV Self-report 
BSI 

Baseline 
(mean ± SD): 
Ketamine=
17.5 (7.2) 
24-h (mean ±

24-h =
0.786 

Significantly more 
reductions in SI in 
the ketamine-treated 
group when 
compared to the 

(continued on next page) 
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Table 2 (continued ) 
Lead author Sample 

size (n) 
Sample 
characteristics 

Study 
design 

Control (dose) Ketamine (dose) Routes SI-scale Statistics for 
effect-size 
calculation 

Hedge’s 
g score 

Study Findings 

+ standard-of- 
care treatment 

SD): 
Ketamine=
10.8 (8.5) 

midazolam-treated 
group at 48-h post- 
treatment but not at 
24 h, as indicated by 
BSI-score. MADRS-SI 
in the ketamine- 
treated group had 
more significant 
reductions at 24-h 
post-treatment as 
compared to the 
placebo. 

Phillips et al. 
(2020) 

37 
(cross- 
over) 

Aged 18–65 
years old; MDD 
diagnosis based 
on the DSM-IV- 
TR; MADRS ≥25; 
TRD; MADRS-SI 
≥2 

Cross- 
over 
RCT 

0.03 mg/kg 
midazolam 

0.5 mg/kg 
racemic 
ketamine 
hydrochloride 

IV Clinician- 
rated 
MADRS-SI 

2-h mean 
difference 
(mean ± SD): 
Ketamine =
1.51 (1.69) 
24-h MADRS- 
SI score 
(mean ± SD): 
Ketamine =
1.65 (1.42) 

2-h =
1.138 
24-h =
0.870 

When compared to 
the placebo-treated 
group, there were 
greater reductions in 
SI in the ketamine 
group as indicated by 
MADRS-SI scores 2-h 
and 7-day after 
treatment. No 
differential anti-SI 
effects were observed 
24-h post- 
intervention as 
compared to placebo. 

Price et al. 
(2014) 

C = 21 
K = 36 

Aged 21–80 
years old; MDD 
diagnosis based 
on DSM-IV; TRD; 
IDS-C ≥32 

Parallel 
RCT 

0.045 mg/kg 
midazolam 

0.5 mg/kg 
racemic 
ketamine 
hydrochloride 

IV Self-report 
BSS 

Baseline 
(mean ± SD): 
Ketamine =
6.11 (6.76) 
24-h (mean ±
SD: Ketamine 
= 1.13 (2.65) 

24-h =
0.826 

There were 
significant 
reductions in explicit 
suicide cognition 24- 
h post-treatment in 
the ketamine group 
when compared to 
the placebo group. 

Sinyor et al. 
(2018) 

C = 4 
K = 5 

Aged 18–65 
years old; MDD 
diagnosis; SSI/ 
CSSRS>0 

Parallel 
RCT 

0.045 mg/kg 
midazolam 

0.5 mg/kg 
racemic 
ketamine 
hydrochloride 

IV Clinician- 
rated 
SSI 

2-h change in 
mean SSI 
-score (mean 
± SD): 
Ketamine =
11.6 (5.68) 

2-h =
1.634 

Greater reductions in 
SI were noted in 
ketamine treated 
patients 2-h post- 
intervention when 
compared to placebo. 

Burger et al. 
(2016) 

C = 7 
K = 3 

Aged 18–65; 
Acute depression 
and suicidality; 
BSS≥4 

Parallel 
RCT 

Saline 0.2 mg/kg 
racemic 
ketamine 
hydrochloride 

IV Self-report 
BSS 

N/A N/A Patients receiving 
ketamine reported 
significant 
improvement in SI 4- 
h posttreatment. 

Chen et al. 
(2019) 

C = 24 
K = 23 
(0.2 
mg/kg) 
K = 24 
(0.5 
mg/kg) 

Aged 21–64 
years old; MDD 
diagnosis based 
on DSM-IV; 

Parallel 
RCT 

Saline 0.2 or 0.5 mg/kg 
racemic 
ketamine 
hydrochloride 

IV HAMD- 
item 3; 
MADRS-SI 

N/A N/A Subanaesthetic doses 
of ketamine had 
significantly more 
anti-SI effects when 
compared to placebo. 
The effects of which 
may last up to 2 
weeks. BDNF 
Val55Met 
polymorphism 
modulates 
ketamine’s anti-SI 
effects. 

Domany 
et al., 
2019 

C = 9 
K = 9 

Aged 18–65 
years old; MDD 
diagnosis based 
on DSM-IV; 
Baseline suicidal 
ideation (BSS- 
5>3; C-SSRS>3) 

Parallel 
RCT 

Saline 0.2 mg/kg 
racemic 
ketamine 
hydrochloride 

IV Self-report 
BSS; 
Clinician- 
rated 
MADRS-SI 

N/A N/A Single infusion of 0.2 
mg/kg ketamine over 
5 min was more 
effective in 
alleviating SI at 90- 
to-180-min post- 
intervention as 
compared to placebo 
as assessed by BSS. 
According to 
MADRS-SI, greater 
alleviation in SI was 
observed 120-min 
post-intervention. 

Fu et al. 
(2020) 

C = 112 
E = 111 

Aged 18–64 
years old; MDD 

Parallel 
RCT 

Nasal spray 
placebo +

84 mg 
esketamine +

IN N/A N/A Intranasal 
esketamine +

(continued on next page) 
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the anti-SI efficacy of ketamine across disparate formulations and/or 
routes. The failure to identify RCTs for IM/oral/sublingual formulations 
that reported suicidality measures also suggested a lack of sufficiently 
high-quality studies with these formulations. 

The inclusion of RCTs that mostly (7/9) utilized multiple-item SI 
scales (i.e., BSS, SSI, C-SSRS) in our meta-analysis adds to the growing 
body of evidence implicating the rapid anti-SI effects of ketamine. 
Multiple-item SI scales assess suicidality concerning various aspects, 
such as ideation, planning, SI frequency and duration, and active/pas-
sive SI, etc. The validity and inter-rater consistency of these scales were 
also suggested by previous studies (Beck et al, 1988, 1997; Posner et al., 
2011). Additionally, SSI- and BSS- scores were also found to be corre-
lated with suicidality, suggesting some degree of clinical predictive 

utility (Brown et al., 2000; Burger et al., 2016). C-SSRS, on the other 
hand, assesses SI more comprehensively as categories such as histories of 
suicide attempts/self-harm were also evaluated (Sinyor et al., 2018). In 
contrast, the use of single-item scales from a depression inventory (i.e., 
notably MADRS-SI) in most studies failed to acknowledge the distinct 
components of SI, which may result in lower sensitivity in evaluating SI 
severity. 

Heterogeneity at various levels should be examined when evaluating 
the findings. The overall statistical and methodological heterogeneity 
across the nine studies were moderate as indicated by the I2 index and 
results of risk of bias assessment. Clinical heterogeneity exists in various 
aspects. Although patient populations were similar across studies, with 
all participants being diagnosed with mood disorders (k = 7 for MDD; k 
= 1 for any mood disorders; k = 1 for bipolar disorders) and mostly aged 
around 18–65 years old. There was notable heterogeneity in terms of SI 
measurement scales implemented, presence of standard-of-care treat-
ment/inpatient hospitalization, the baseline level of SI, and the use of 
different controls (midazolam vs. saline), all of which may impact the 
observed effect sizes. 

4.1. Acute anti-suicidal effects and clinical implications 

The overall evidence supporting ketamine’s acute and clinically 
meaningful anti-SI efficacy is strong despite a lack of statistical signifi-
cance in some studies, which could be attributed to several factors. 
Firstly, the small sample size in some studies led to limited power for 
statistical analyses (Grunebaum et al, 2017, 2018; Ionescu et al., 2019; 
Sinyor et al., 2018) Secondly, the severe treatment resistance and 
chronicity of SI in some may have rendered a 0.5 mg/kg racemic 

Table 2 (continued ) 
Lead author Sample 

size (n) 
Sample 
characteristics 

Study 
design 

Control (dose) Ketamine (dose) Routes SI-scale Statistics for 
effect-size 
calculation 

Hedge’s 
g score 

Study Findings 

diagnosis based 
on DSM-5; 
MADRS >28 

standard-of- 
care 
treatment 

standard-of-care 
treatment 

Clinician- 
rated 
CGI–SS–r 

standard-of-care 
treatment provided 
greater improvement 
in SI in patients with 
active SI at 24-h post- 
treatment. 
Differences in anti-SI 
effects were not 
statistically 
significant when 
compared to placebo. 

Zarate et al. 
(2012) 

15 
(cross- 
over) 

Aged 18–65 
years old; BPD-I/ 
II diagnosis 
based on DSM- 
IV; MADRS ≥20 

Cross- 
over 
RCT 

Saline 0.5 mg/kg 
racemic 
ketamine 
hydrochloride 

IV Clinician- 
rated 
MADRS-SI, 
HDRS-SI; 
Self-report 
BDI. 

N/A N/A Significant SI 
improvement was 
observed in 
ketamine-treated 
patients at 40-min to 
3-day post-treatment 
when compared to 
the placebo group. 

W 
* BDI: Beck’s Depression Inventory. 
* BSI/BSS: Beck Scale for Suicidal Ideation. 
* C-SSRS: Columbia-Suicide Severity Rating Scale. 
* C= Control; E=Esketamine; K= Ketamine. 
* CGI-SS-r: The Clinical Global Impression - Severity of Suicidality - Revised. 
* DSM-IV: Diagnostic and Statistical Manual of Mental Disorder. 
* HAM-D: Hamilton Depression Rating Scale. 
* IDS-C: Inventory for Depressive Symptomatology-Clinician. 
* IN= Intranasal; IV= Intravenous. 
* MADRS-SI: Montgomery-Asberg Depression Rating Scale- Suicide Item. 
* MDD: Major Depressive Disorder; BD: Bipolar Disorder. 
* QIDS-SI: The Quick Inventory of Depressive Symptomatology- Self-Report. 
* RCT: Randomized Controlled Trial. 
* SI: Suicidal Ideation. 
* SSI: The Scale for Suicidal Ideation. 
* TRD: Treatment Resistant Depression. 

Table 3 
The effect sizes (Hedge’s g score) of IV racemic ketamine vs. IN esketamine.   

IV racemic 
ketamine 

IN 
esketamine 

All 
routes 

Pooled 
sample 
size [IV] 

Pooled 
sample 
size [IN] 

2-h 1.633 (n =
3) 

N/A 1.633 
(n = 3) 

55 N/A 

230-mins/ 
4-h 

1.166 (n =
4) 

1.023 (n =
1) 

1.096 
(n = 5) 

73 34 

24-h 1.035 (n =
6) 

1.309 (n =
1) 

1.080 
(n = 7) 

145 34 

Pooled 
Within 
Category 

1.015 (n =
8) 

1.166 (n =
1) 

1.029 
(n = 9) 

163 34     

197  
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ketamine insufficient (Grunebaum et al, 2017, 2018; Ionescu et al., 
2019; Sinyor et al., 2018). A larger dose of ketamine may be required for 
suicidal ideation in severely treatment-resistant and chronically 
depressed patients (Cusin et al., 2017; Ionescu et al., 2016). Addition-
ally, the implementation of varying intensities of psychiatric treatment 
(e.g., hospitalization) may have also contributed to decreased suicidality 
reducing the assay sensitivity of direct effects ascribed to ketamine (Fu 
et al., 2020). 

We focused on the acute efficacy of ketamine in that acute anti-SI 
effects are of clinical significance, especially in an emergency. 
Currently, the only pharmacological agents that have unequivocally 

been shown to lower suicidality are clozapine and lithium (Cipriani et al, 
2006, 2013; Griffiths et al., 2014; Meltzer et al., 2003; Memon et al., 
2020). Traditional antidepressants were known to have some degree of 
anti-SI effects, but the lack of rapid onset (about 4–6 weeks) limits its use 
for acute suicidal crises (Montgomery et al., 1995; Nakajima et al., 
2010). On the contrary, ketamine has been demonstrated to produce 
rapid and clinically meaningful anti-SI effects that can be observed as 
early as 40-mins post-treatment (Zarate et al., 2012). Importantly, the 
dynamic nature of SI and impulsivity-driven suicide indicate the ne-
cessity of a rapid-acting and efficacious anti-suicidal agent for an 
emergency (Hadzic et al., 2019; Hallensleben et al., 2018; Lee et al., 

Fig. 2. Funnel plot of standard error by Hedge’s g. Asymmetry of funnel plot is observed, indicating potential publication bias. Statistical analysis of funnel plot was 
not recommended due to small sample size (k=9). 

Fig. 3. The forest plot for all studies included, grouped by administration. Squares plot effect size of individual studies, diamonds plots summary measures of each 
formulation and overall findings. Favours A (Placebo); Favours B (Es/ketamine). 

Fig. 4. The forest plot for studies with suicidal ideation measures at 230min/4h post-ketamine, grouped by administration. Squares plot effect size of individual 
studies, diamonds plots summary measures of each formulation and overall findings. Favours A (Placebo); Favours B (Es/ketamine). 
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2016). In addition, acute and intense SI can be a common reason for the 
utilization of healthcare services including, but not limited to, emer-
gency rooms (Griffin et al., 2019; Perera et al., 2018). Treatments that 
are capable of offering acute SI relief may also reduce service utilization 
which would increase the cost-effectiveness of the intervention. 

4.2. Distinct formulations, routes, and dosage of ketamine and clinical 
implications 

We were unable to arrive at conclusions on the superiority of 
different formulations/routes in their anti-SI efficacy owing to the 
insufficient number of existing RCTs. However, it is still critical to 
examine and compare their relative efficacy, advantages, and short-
comings, which may provide insights into ketamine’s anti-suicidal 
mechanisms and the optimization of treatment for SI. 

Ketamine is available in several forms, including (R)-ketamine, (S)- 
ketamine/esketamine, and racemic ketamine (Hashimoto, 2019). 
Esketamine has been shown to exhibit a higher affinity for NMDA re-
ceptors and differential potency as compared to (R)-ketamine (Hashi-
moto, 2019). The role of NMDA receptors has been implicated as 
relevant to suicidal behaviour in some patients (Nowak et al., 1995; 
Sowa-Kućma et al., 2013). Thus, therapeutic differences may exist be-
tween various formulations in their anti-SI efficacy which is specula-
tively due to differential effects across the NMDA receptor and/or effects 
of ketamine at other molecular targets (Hashimoto, 2019). Further 
comparative studies on distinct formulations controlling for the routes 
may be needed to investigate any differential effects. 

Concerning the appropriate route of administration, both clinical 
practicality and differential anti-SI efficacy should be considered. IM/ 
slow IV infusions under hospital settings may not be feasible in all cases. 
Intranasal/oral/sublingual routes, on the other hand, are more practical, 
less invasive, and easier to administer as it requires less infrastructure (i. 
e., equipment) and personnel. No conclusion can be made regarding the 
differential anti-SI effects of different routes owing to the lack of high- 
quality studies. Extant literature on the anti-SI effects of IM/oral/sub-
lingual ketamine is mostly limited to case reports, from which mixed 
results of its efficacy were reported (Dadiomov and Lee, 2019; De 
Gioannis and De Leo, 2014). The nature of case reports (i.e., lack of 
generalizability, retrospective designs, etc.) also renders it difficult to 
properly interpret the findings. Further studies with RCT design may be 
needed to establish the anti-SI efficacy of routes other than IV/IN. 
Speculatively speaking, the IV route preserves nearly 100% bioavail-
ability of ketamine and may have superior anti-SI effects compared to 
IN/IM/oral/sublingual routes, however, such postulation must be 
evaluated through further research that compares relative anti-SI effi-
cacy of distinct routes. 

The dosage of ketamine needs to be optimized for its anti-suicidal 
effects. In the presence of clinically meaningful SI reductions, a lower 
dosage of ketamine is preferred to prevent dose-related psychoactive 
side-effects and a prolonged infusion. Most of the included studies 

utilized 0.5 mg/kg IV racemic ketamine that required a slow 40-min 
infusion. However, preliminary evidence indicated the promising anti- 
SI efficacy of a lower dosage. It has been demonstrated that a rapid 
infusion of 0.2 mg/kg racemic ketamine exerted rapid and significant 
anti-SI effects when compared to the placebo (Burger et al., 2016; 
Domany et al., 2020). Additionally, Chen et al. (2020) demonstrated a 
potential association between ketamine dosage and its anti-SI effects 
using a placebo, 0.2 mg/kg, and 0.5 mg/kg of IV racemic ketamine. They 
have also identified the modulatory effects of BDNF Val66Met poly-
morphism on the duration and extent of ketamine’s anti-SI efficacy, 
suggesting its potential for personalized medicine (Chen et al., 2019). A 
lower dose of ketamine may be sufficient to achieve clinically mean-
ingful SI improvements compared to its antidepressant dosage. Fava 
et al. (2020) found that a lower dose (0.1 mg/kg) ketamine was not 
effective in individuals with TRD. Previous research also indicated the 
partial independence of ketamine’s anti-SI effects from its antidepres-
sant effects, together with observed differential treatment dosage, sug-
gesting potentially different pharmacodynamics/pharmacokinetics in 
the anti-SI and antidepressant effects (Phillips et al., 2020; Wilkinson 
et al., 2018). Also, a recent meta-analysis investigating the anti-suicidal 
efficacy of lithium in drinking water observed that the therapeutic/-
blood level of lithium (0.6–1.0 mmol/L) in mood disorders appears to be 
higher than the dose required for anti-suicidal effects of lithium, indi-
cating possible distinctions in anti-SI and mood-stabilising mechanisms 
(Memon et al., 2020). 

Taken together, various clinical parameters concerning SI treatment 
with ketamine should be considered for individual cases to maximize its 
anti-SI benefits. 

4.3. Limitations and future directions 

Several limitations of our systematic review/meta-analysis should be 
noted. First of all, the small study sample size (k = 9) with a limited 
amount of information restrained us from making any meaningful 
conclusions concerning the efficacy of distinct routes/formulations. 
Secondly, ketamine’s ability to alleviate SI cannot be interpreted as 
synonymous with its ability to lower suicidal behavior and/or comple-
tion despite previous research suggesting that SI may be predictive of 
future suicide (Brown et al., 2000; Oquendo et al., 2004). Importantly, 
they are separate constructs with distinct predictive/associated factors 
(Klonsky et al., 2016). Thirdly, tests for funnel plot asymmetry were not 
conducted owing to the small sample size (k = 9), indicating potential 
publication bias. The last aspect of limitation pertains to the generaliz-
ability of study results to patients without major mood disorders (i.e., 
bipolar/unipolar depression), such as those with chronic diseases, can-
cer, and personality disorders. 

Notwithstanding the evidence on the acute anti-suicidal effects of 
ketamine among individuals with mood disorders, larger-scale RCTs of 
ketamine are warranted in the future with the aim to examine and 
compare the efficacy of different dosage, formulations, or routes of 

Fig. 5. The forest plot for studies with suicidal ideation measures at 24h post-ketamine, grouped by administration. Squares plot effect size of individual studies, 
diamonds plots summary measures of each formulation and overall findings. Favours A (Placebo); Favours B (Es/ketamine). 
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administration. Despite the preliminary evidence of ketamine’s anti-SI 
effects on individuals with bipolar disorders (Grunebaum et al., 2017), 
additional RCTs are needed to establish this observation considering its 
substantial potential in bipolar patients who have one of the highest 
suicide completion rates among patients with mood disorders. Current 
pharmacological treatments (i.e. notably lithium) are limited to their 
efficacy and side-effects (Rhee et al., 2020). Ketamine, on the contrary, 
may provide clinically desired anti-SI benefits to bipolar patients who 
often present symptoms of anxiety, agitation, and irritability that render 
them more likely to have suicidal behaviors (McIntyre et al., 2020a). 
Effects of ketamine on suicidal behavior and completion may be 
explored in the future though it may be difficult to demonstrate re-
ductions in suicide completion owing to low assay sensitivity. Addi-
tionally, the fact that ketamine may affect SI independent of depressive 
symptoms suggests that it may be exacting an effect on brain systems 
subserving characteristics of suicide (e.g., impulsivity) (Lee et al., 2016), 
suggesting its potential use in suicidal patients without mood disorders, 
which could also be examined in future RCTs. 

5. Conclusion 

To summarize, our systematic review/meta-analysis serves as an 
updated piece of evidence supporting the anti-suicidal effects of single- 
dose ketamine/esketamine 2-h, 4-h, and potentially 24-h post- 
treatment. We also provided insights into planning for optimization 
treatments with ketamine. Further research to compare the relative ef-
fects of different formulations/routes of administration/dosage are 
warranted considering their clinical significance. 
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a rapid-acting agent for suicidal ideation: a meta-analysis. Neurosci. Biobehav. Rev. 
77, 232–236. 

Beck, A.T., Brown, G.K., Steer, R.A., 1997. Psychometric characteristics of the scale for 
suicide ideation with psychiatric outpatients. Behav. Res. Ther. 35, 1039–1046. 

Beck, A.T., Steer, R.A., Ranieri, W.F., 1988. Scale for suicide ideation: psychometric 
properties of a self-report version. J. Clin. Psychol. 44 (4), 499–505. 

Brown, G.K., Beck, A.T., Steer, R.A., Grisham, J.R., 2000. Risk factors for suicide in 
psychiatric outpatients: a 20-year prospective study. J. Consult. Clin. Psychol. 68, 
371–377. 

Burger, J., Capobianco, M., Lovern, R., Boche, B., Ross, E., Darracq, M.A., McLay, R., 
2016. A double-blinded, randomized, placebo-controlled sub-dissociative dose 
ketamine pilot study in the treatment of acute depression and suicidality in a 
military emergency department setting. Mil. Med. 181, 1195–1199. 

Canuso, C.M., Singh, J.B., Fedgchin, M., Alphs, L., Lane, R., Lim, P., Pinter, C., Hough, D., 
Sanacora, G., Manji, H., Drevets, W.C., 2018. Efficacy and safety of intranasal 
esketamine for the rapid reduction of symptoms of depression and suicidality in 
patients at imminent risk for suicide: results of a double-blind, randomized, placebo- 
controlled study. Am. J. Psychiatr. 175 (7), 620–630. https://doi.org/10.1176/appi. 
ajp.2018.17060720. 

Chen, M.-H., Lin, W.-C., Wu, H.-J., Cheng, C.-M., Li, C.-T., Hong, C.-J., Tu, P.-C., Bai, Y.- 
M., Tsai, S.-J., Su, T.-P., 2019. Antisuicidal effect, BDNF Val66Met polymorphism, 
and low-dose ketamine infusion: reanalysis of adjunctive ketamine study of 
Taiwanese patients with treatment-resistant depression (AKSTP-TRD). J. Affect. 
Disord. 251, 162–169. 

Cipriani, A., Hawton, K., Stockton, S., Geddes, J.R., 2013. Lithium in the prevention of 
suicide in mood disorders: updated systematic review and meta-analysis. BMJ 346, 
f3646. 

Cipriani, A., Smith, K., Burgess, S., Carney, S., Goodwin, G., Geddes, J., 2006. Lithium 
versus antidepressants in the long-term treatment of unipolar affective disorder. 
Cochrane Database Syst. Rev. CD003492. 

Claassen, C., 2013. National action alliance for suicide prevention research prioritization 
task force. The agenda development process of the US’national action alliance for 
suicide prevention research prioritization task force. Crisis 34, 147–155. 

Cusin, C., Ionescu, D.F., Pavone, K.J., Akeju, O., Cassano, P., Taylor, N., Eikermann, M., 
Durham, K., Swee, M.B., Chang, T., Dording, C., Soskin, D., Kelley, J., 
Mischoulon, D., Brown, E.N., Fava, M., 2017. Ketamine augmentation for outpatients 
with treatment-resistant depression: preliminary evidence for two-step intravenous 
dose escalation. Aust. N. Z. J. Psychiatr. 51, 55–64. 

Dadiomov, D., Lee, K., 2019. The effects of ketamine on suicidality across various 
formulations and study settings. Ment. Health Clin. 9, 48–60. 

Daly, E.J., Singh, J.B., Fedgchin, M., Cooper, K., Lim, P., Shelton, R.C., Thase, M.E., 
Winokur, A., Van Nueten, L., Manji, H., Drevets, W.C., 2018. Efficacy and safety of 
intranasal esketamine adjunctive to oral antidepressant therapy in treatment- 
resistant depression: a randomized clinical trial. JAMA Psychiatr. 75, 139–148. 

De Gioannis, A., De Leo, D., 2014. Oral ketamine augmentation for chronic suicidality in 
treatment-resistant depression. Aust. N. Z. J. Psychiatr. 48, 686. 

Domany, Y., Bleich-Cohen, M., Tarrasch, R., Meidan, R., Litvak-Lazar, O., 
Stoppleman, N., Schreiber, S., Bloch, M., Hendler, T., Sharon, H., 2019. Repeated 
oral ketamine for out-patient treatment of resistant depression: randomised, double- 
blind, placebo-controlled, proof-of-concept study. Br. J. Psychiatry 214, 20–26. 

Domany, Y., Shelton, R.C., McCullumsmith, C.B., 2020. Ketamine for acute suicidal 
ideation. An emergency department intervention: a randomized, double-blind, 
placebo-controlled, proof-of-concept trial. Depress. Anxiety 37, 224–233. 

Fedgchin, M., Trivedi, M., Daly, E.J., Melkote, R., Lane, R., Lim, P., Vitagliano, D., 
Blier, P., Fava, M., Liebowitz, M., Others, 2019. Efficacy and safety of fixed-dose 
esketamine nasal spray combined with a new oral antidepressant in treatment- 
resistant depression: results of a randomized, double-blind, active-controlled study 
(TRANSFORM-1). Int. J. Neuropsychopharmacol. 22, 616–630. 

Fu, D.-J., Ionescu, D.F., Li, X., Lane, R., Lim, P., Sanacora, G., Hough, D., Manji, H., 
Drevets, W.C., Canuso, C.M., 2020. Esketamine nasal spray for rapid reduction of 
major depressive disorder symptoms in patients who have active suicidal ideation 
with intent: double-blind, randomized study (ASPIRE I). J. Clin. Psychiatr. 81 
https://doi.org/10.4088/JCP.19m13191. 

J. Xiong et al.                                                                                                                                                                                                                                    

https://doi.org/10.1016/j.jpsychires.2020.12.038
https://doi.org/10.1016/j.jpsychires.2020.12.038
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref1
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref1
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref1
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref2
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref2
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref2
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref2
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref3
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref3
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref3
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref4
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref4
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref5
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref5
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref6
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref6
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref6
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref7
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref7
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref7
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref7
https://doi.org/10.1176/appi.ajp.2018.17060720
https://doi.org/10.1176/appi.ajp.2018.17060720
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref9
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref9
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref9
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref9
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref9
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref10
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref10
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref10
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref11
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref11
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref11
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref12
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref12
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref12
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref13
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref13
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref13
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref13
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref13
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref14
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref14
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref15
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref15
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref15
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref15
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref16
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref16
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref17
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref17
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref17
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref17
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref18
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref18
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref18
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref19
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref19
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref19
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref19
http://refhub.elsevier.com/S0022-3956(20)31146-8/sref19
https://doi.org/10.4088/JCP.19m13191


Journal of Psychiatric Research 134 (2021) 57–68

67

Griffin, E., Bonner, B., O’Hagan, D., Kavalidou, K., Corcoran, P., 2019. Hospital- 
presenting self-harm and ideation: comparison of incidence, profile and risk of 
repetition. Gen. Hosp. Psychiatr. 61, 76–81. 

Griffiths, J.J., Zarate Jr., C.A., Rasimas, J.J., 2014. Existing and novel biological 
therapeutics in suicide prevention. Am. J. Prev. Med. 47, S195–S203. 

Grunebaum, M.F., Ellis, S.P., Keilp, J.G., Moitra, V.K., Cooper, T.B., Marver, J.E., 
Burke, A.K., Milak, M.S., Sublette, M.E., Oquendo, M.A., Mann, J.J., 2017. Ketamine 
versus midazolam in bipolar depression with suicidal thoughts: a pilot midazolam- 
controlled randomized clinical trial. Bipolar Disord. 19, 176–183. 

Grunebaum, M.F., Galfalvy, H.C., Choo, T.-H., Keilp, J.G., Moitra, V.K., Parris, M.S., 
Marver, J.E., Burke, A.K., Milak, M.S., Sublette, M.E., Oquendo, M.A., Mann, J.J., 
2018. Ketamine for rapid reduction of suicidal thoughts in major depression: a 
midazolam-controlled randomized clinical trial. Am. J. Psychiatr. 175, 327–335. 

Hadzic, A., Spangenberg, L., Hallensleben, N., Forkmann, T., Rath, D., Strauß, M., 
Kersting, A., Glaesmer, H., 2019. The association of trait impulsivity and suicidal 
ideation and its fluctuation in the context of the Interpersonal Theory of Suicide. 
Compr. Psychiatr. 98, 152158. 

Hallensleben, N., Spangenberg, L., Forkmann, T., Rath, D., Glaesmer, H., 2018. 
Investigating the dynamics of suicidal ideation: preliminary findings from a study 
using ecological momentary assessments in psychiatric inpatients. CRIS - Bull. Cent. 
Res. Interdiscip. Study 39, 65–69. 

Hashimoto, K., 2019. Rapid-acting antidepressant ketamine, its metabolites and other 
candidates: a historical overview and future perspective. Psychiatr. Clin. Neurosci. 
73, 613–627. 
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