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A B S T R A C T

Background: Although repetitive transcranial magnetic stimulation (rTMS), electroconvulsive therapy (ECT), 
ketamine, and esketamine have established antidepressant effects, their effects on suicide outcomes are less 
reported. This comprehensive narrative review aims to analyze the antisuicidal effects of these interventions in 
individuals with major depressive disorder (MDD).
Methods: Search terms for this review included words related to the interventions of interest, suicidality, and 
depression. Databases included PubMed, OVID, and Google Scholar, with the search occurring from inception to 
June 19, 2025. Screening of studies, data extraction, and quality assessment of studies using NIH tools were 
performed.
Results: 108 studies met the eligibility criteria and were included in the review, with 30 studies investigating the 
effects of rTMS, 9 for ECT, 53 for ketamine, and 24 for esketamine. Some studies investigated the use of multiple 
interventions. All interventions were effective in reducing suicidality (p<0.05), particularly in the suicidal 
ideation (SI) dimension, with variations in the time of onset and duration of antisuicidal effects. rTMS and ECT 
demonstrated the longest-lasting effects in reducing SI and suicidal behavior while treatment with ketamine and 
esketamine resulted in the fastest reductions in measures of suicidality.
Conclusion: Ketamine, esketamine, rTMS and ECT are associated with reductions in SI in persons with MDD, with 
the strongest evidence from randomized controlled trials supporting rapid, short-term effects, particularly for 
ketamine and esketamine. Further characterization and differentiation of the durability of antisuicidal effects of 
the aforementioned interventions requires investigation in large-scale, adequately-controlled clinical trials. In 
addition, whether reductions in SI following administration of these agents reduces the severity of aspects of 
suicidal behavior should be evaluated.
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1. Introduction

Suicidality is a multi-faceted domain encompassing suicidal behavior 
(e.g., self-harm, suicide attempts), suicidal ideation (SI), and completed 
suicide, with the experience of self-harm or SI being important risk 
factors for completed suicide (Cai et al., 2021; Cawley et al., 2019). 
Major depressive disorder (MDD) is among the most prevalent mental 
health disorders, with reported SI affecting 32.3 % to 43.4 % of these 
individuals (Cai et al., 2021; Le et al., 2025).

First-line treatments for persons living with MDD include psycho
therapy (e.g., cognitive behavioral therapy) and monoamine-based 
pharmacotherapies (e.g., selective serotonin reuptake inhibitors and 
serotonin-norepinephrine reuptake inhibitors) (Simon et al., 2024). 
Notwithstanding, approximately 44 % of MDD patients inadequately 
respond to two or more antidepressant treatments regimens, and are 
described as having treatment-resistant depression (TRD) which is 
associated with a greater risk of suicide (Bergfeld et al., 2018; Le et al., 
2025; McIntyre et al., 2023). Consequently, it is critical to identify in
terventions that are safe and display both rapid-acting, acute and 
long-term efficacy for persons with MDD and TRD experiencing suici
dality (Jiang et al., 2021; Kern et al., 2021; Lewitzka et al., 2015; Mann 
et al., 2021). Furthermore, depression and SI are only moderately 
correlated, indicating that they are distinct constructs. Therefore, 
treatments that are effective in reducing overall depression severity may 
not significantly improve suicidality severity (Keilp et al., 2012; 
Weissman et al., 2021).

Among patients with TRD and/or those presenting with severe 
symptoms (e.g., SI), alternative interventions such as neurostimulation 
and mechanistically-novel pharmacotherapies have been investigated 
(Holtzheimer & Nemeroff, 2008; McIntyre et al., 2024a). Repetitive 
transcranial magnetic stimulation (rTMS) and electroconvulsive therapy 
(ECT) are U.S. Food and Drug Administration (FDA) approved and 
effective neurostimulation therapies for adults with TRD (U.S. Food and 
Drug Administration, 2011; U.S. Food and Drug Administration, 2018). 
Separately, ketamine and esketamine (i.e., N-methyl-D-aspartate re
ceptor antagonists) are novel pharmacotherapies that have demon
strated rapid antidepressant and antisuicidal effects in adults with TRD, 
and have also been associated with improvements in quality of life and 
functional outcomes. (Cheng et al., 2025; McIntyre et al., 2023). 
Although esketamine is approved by the FDA for the treatment of 
depressive symptoms in persons with TRD as well as persons with MDD 
at a current risk of suicide, treatment with ketamine is yet to be 
approved (Calder et al., 2024; McIntyre et al., 2021; McIntyre & Jain, 
2024; U.S. Food and Drug Administration, 2025; Vekhova et al., 2025).

Notwithstanding replicated evidence supporting the antidepressant 
efficacy of rTMS, ECT, ketamine, and esketamine, their effects on as
pects of suicide-related outcomes have not been systematically synthe
sized in recent analyses. Herein, we aimed to systematically evaluate the 
efficacy of rTMS, ECT, ketamine and esketamine in reducing suicidality 
in individuals with MDD, as well as characterize the onset and duration 
of their antisuicidal effects.

2. Methods

2.1. Search and selection strategy

A comprehensive literature search was conducted on online data
bases, including PubMed, OVID, and Google Scholar, from inception 
until July 12, 2024, with an updated search being conducted on June 19, 
2025 to ensure currency. The databases were searched using the 
following Boolean search strings to identify studies reporting on the 
efficacy of the four interventions of interest in improving suicidality 
severity outcomes: ((“Transcranial Magnetic Stimulation” OR “TMS”) 
AND (“suicidality” OR “suicidal ideation” OR “suicide” OR “self-harm”) 
AND ("Depression" OR "TRD" OR "Treatment-resistant Depression")), 
((“Electroconvulsive Therapy” OR “ECT”) AND (“suicidality” OR 

“suicidal ideation” OR “suicide” OR “self-harm”) AND ("Depression" OR 
"TRD" OR "Treatment-resistant Depression")), and ((“ketamine” OR 
“esketamine”) AND (“suicidality” OR “suicidal ideation” OR “suicide” 
OR “self-harm”) AND ("Depression" OR "TRD" OR "Treatment-resistant 
Depression")).

Three reviewers (T.M., A.L., A.A.) independently screened articles 
using Covidence (Covidence systematic review software, 2025). Once 
duplicate articles were removed, an initial screening of study titles and 
abstracts was conducted. After potentially relevant studies were iden
tified, the same reviewers performed full-text screening. Any conflicts 
regarding article screening between reviewers were resolved through 
discussion. Articles deemed to be relevant according to eligibility 
criteria were included for data extraction.

2.2. Eligibility criteria

Studies were eligible for inclusion if they included adults between 
the ages of 18–65 years with a primary diagnosis of MDD, who were 
being treated with one of the interventions of interest, although some 
studies included participants slightly out of this age range (below 18 and 
over 65). Both primary and post-hoc analyses were included.

Studies were excluded if they primarily focused on adolescent par
ticipants or geriatric participants, included participants with bipolar 
depression, psychosis, or another primary diagnosis, or involved the 
initiation of multiple new interventions. Review papers (e.g., systematic 
reviews, narrative reviews) and meta-analyses were also excluded. 
Lastly, studies were excluded if they were not written in English.

2.3. Data extraction process

Data extraction was conducted by four independent reviewers (T.M., 
A.L., A.A., C.D.). The extracted data included 1) authors and publication 
year, 2) study design, 3) primary diagnosis/inclusion criteria, 4) dosage/ 
the specific type of intervention, 5) treatment duration, 6) control 
condition (if applicable), 7) study sample size, 8) age range of partici
pants, 9) suicidality assessment tool(s), and 10) significance based on p- 
values, or the primary outcome measure defined by the authors when p- 
values were not reported.

2.4. Risk of bias assessment

Study quality was assessed by two reviewers independently (T.M., A. 
L.), using the National Institute of Health’s quality assessment tools 
(NIH, 2021). The Quality Assessment of Controlled Intervention Studies, 
the Quality Assessment of Systematic Reviews and Meta-Analyses, the 
Quality Assessment Tool for Observational Cohort and Cross-Sectional 
Studies, the Quality Assessment of Case-Control Studies, the Quality 
Assessment Tool for Before-After (Pre-Post) Studies With No Control 
Group, and the Quality Assessment Tool for Case-Series Studies were all 
used.

3. Results

3.1. Study results and selection

The initial search using PubMed and OVID databases retrieved 
15,192 publications (Fig. 1). Once duplicates were removed, 7282 
studies remained for title and abstract screening. Subsequently, 1212 
studies were deemed eligible for full-text screening, of which 108 studies 
were included in this narrative review. Studies were excluded due to 
outcomes irrelevant to the research questions of interest (n = 629), 
incorrect study design (e.g., a systematic review or narrative review; n =
260), incorrect patient population (e.g., patients did not have a primary 
diagnosis of MDD; n = 136), not being published in English (n = 42), 
incorrect intervention (e.g., an intervention other than one of our in
terventions of interest was used; n = 23), no full-text availability (n =
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12), or because it was a preprint (n = 1) or redacted (n = 1).

3.1.1. Risk of bias assessment
All included studies received a risk of bias assessment of either 

“good” or “fair”. Detailed risk of bias assessment tables are available in 
the supplementary materials (Table S1-S5).

3.2. Literature findings

3.2.1. Repetitive transcranial magnetic stimulation
Thirty of the included studies assessed the use of rTMS in reducing SI, 

and less commonly suicidal behavior, in individuals with MDD (Baeken 
et al., 2019; Barredo et al., 2021; Bozzy et al., 2020; Chen et al., 2022a; 
Davila et al., 2019; Desmyter et al., 2014; Desmyter et al., 2016; Fujita & 
Koga, 2005; Holtzheimer et al., 2010; Huang et al., 2025; Keshtkar et al., 

2011; Kong et al., 2023; Leuchter et al., 2015; Mehta et al., 2022a; Ozcan 
et al., 2020; Pan et al., 2020; Pan et al., 2023; Ramasubbu et al., 2024; 
Stapper et al., 2025; Tang et al., 2021; Terpstra et al., 2023; Wang et al., 
2022; Wang et al., 2024; Weissman et al., 2018; Wilkening et al., 2022; 
Yesavage et al., 2018; Zapf et al., 2024; Zhan et al., 2024; Zhang et al., 
2021; Zhao et al., 2024). In all studies specifying the stimulation target, 
rTMS was directed to the dorsolateral prefrontal cortex (DLPFC), with 
one study also targeting the left visual cortex (VC; Kong et al., 2023). 
Treatment duration varied between studies, with some studies admin
istering multiple sessions of rTMS per day, and some administering the 
sessions over days or weeks, up to a maximum of eight weeks (Barredo 
et al., 2021). The scales used to assess suicidality primarily included the 
Beck Scale for Suicidal Ideation (BSI), Patient Health Questionnaire 9 
(PHQ-9), Scale for Suicide Ideation (SSI), Hamilton Depression Rating 
Scale (HAMD/HDRS), Montgomery–Åsberg Depression Rating Scale 

Fig. 1. PRISMA Flow Diagram.
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(MADRS), and Columbia Suicide-Severity Rating Scale (CSSRS).
Mixed findings were observed regarding the acute efficacy of rTMS in 

reducing SI severity (Table 1). Twenty-five studies observed significant 
improvements in SI scores post-TMS (Barredo et al., 2021; Bozzy et al., 
2020; Chen et al., 2022a; Davila et al., 2019; Desmyter et al., 2016; 
Fujita & Koga, 2005; Holtzheimer et al., 2010; Huang et al., 2025; 
Keshtkar et al., 2011; Kong et al., 2023; Mehta et al., 2022a; Ozcan et al., 
2020; Pan et al., 2020; Pan et al., 2023; Ramasubbu et al., 2024; Stapper 
et al., 2025; Tang et al., 2021; Terpstra et al., 2023; Wang et al., 2022; 
Wang et al., 2024; Weissman et al., 2018; Zapf et al., 2024; Zhan et al., 
2024; Zhang et al., 2021; Zhao et al., 2024), whereas nonsignificant 
between-group differences in SI severity post-rTMS compared to control 
conditions were reported in five studies (Baeken et al., 2019; Desmyter 
et al., 2014; Leuchter et al., 2015; Wilkening et al., 2022; Yesavage et al., 
2018).

The studies that investigated the effects of rTMS over time reported 
persistence of reduced SI following treatment in individuals with MDD/ 
TRD; however, these findings were primarily derived from observational 
or follow-up designs (Chen et al., 2022a; Holtzheimer et al., 2010; Pan 
et al., 2020; Ramasubbu et al., 2024; Stapper et al., 2025; Wang et al., 
2024). Participants exhibited reductions in SI following stimulation (as 
soon as the day after), with further reductions being observed 
throughout the treatment course if maintenance treatments were pro
vided. However, there may be a limit to the benefits that additional 
treatments provide, with one study reporting a plateau in SI symptom 
improvements following 22 sessions (Stapper et al., 2025). Generally, 
improvements observed early in treatment were maintained at the end 
of the treatment phase. For example, one study delivering rTMS to pa
tients for seven consecutive days reported reductions in scores to be 
maintained from day three to day seven (Pan et al., 2020). Several 
studies with a follow-up period reported that reductions in SI and sui
cidal behavior were maintained once treatment was discontinued as 
well, with improvements remaining significant for weeks post-treatment 
(Ramasubbu et al., 2024; Holtzheimer et al., 2010; Wang et al., 2024) 
and even up to 3 months in one study (Chen et al., 2022a).

Notably, head-to-head comparisons reported differential efficacy 
associated with the different types of rTMS. For example, Chen et al. 
(2022a) found 10 Hz rTMS to have weaker antisuicidal effects than 
intermittent theta-burst stimulation (iTBS; p=0.002). Moreover, Stapper 
et al. (2025) also found 18 Hz deep TMS to be less effective than TBS. 
Additionally, Zhao et al. (2024) found continuous theta-burst stimula
tion (cTBS) to result in greater reductions in SI than iTBS (p=0.04), with 
more patients who received cTBS exhibiting remission of SI during the 
follow-up period than patients receiving iTBS (p=0.007). Weissman 
et al. (2018) also found bilateral rTMS to be more effective than uni
lateral rTMS in reducing dimensions of suicidality such as SI and suicidal 
behavior.

3.2.2. Electroconvulsive therapy
Nine included studies investigated the use of ECT in individuals with 

MDD and assessed multiple domains of suicidality, including SI, suicidal 
behavior, self-harm, and suicide mortality (Çakir & Çağlar, 2017; Iso
metsä et al., 1996; Jørgensen et al., 2020; Kellner et al., 2005; Keshtkar 
et al., 2011; Kheirabadi et al., 2020; Liang et al., 2018; Lin et al., 2020; 
Salagre et al., 2022; Table 1). Six of these studies reported that ECT was 
effective in reducing certain dimensions of suicidality, including 
self-harm, suicidal behavior, and SI (Kellner et al., 2005; Keshtkar et al., 
2011; Kheirabadi et al., 2020; Liang et al., 2018; Lin et al., 2020; Salagre 
et al., 2022). The manner in which ECT was delivered varied between 
studies, with three studies not specifying how treatment was conducted 
(Jørgensen et al., 2020; Liang et al., 2018; Salagre et al., 2022). Suici
dality outcomes were measured using the HDRS, self-harm, suicide at
tempts and completed suicide, BSI, and Beck’s Depression Inventory 
(BDI).

Overall, ECT was associated with significant reductions in SI and in 
some studies, suicidal behavior, even when compared to other 

treatments such as rTMS and pharmacotherapy (e.g., fluoxetine; 
Keshtkar et al., 2011; Liang et al., 2018; Lin et al., 2020). For example, 
one study demonstrated that 80.9 % of patients experienced full 
remission of suicidal intent following nine ECT sessions (Kellner et al., 
2005). However, observational studies with a long-term follow-up 
period found that many patients relapsed over time. For example, 
Salagre et al. (2022) reported that suicide-related events significantly 
decreased up to one year after the first ECT session, but the decrease in 
events were no longer significant at the two-year follow-up period. 
Similarly, other studies reported that patients who initially responded to 
treatment were found to relapse during the follow-up period with no 
ECT treatment, which was 1 year in Çakir and Çağlar (2017) study and 3 
months in Isometsä et al.’s (1996) study.

3.2.3. Ketamine
There were fifty-three studies included that investigated the effect of 

ketamine on SI and suicidal behavior in individuals with MDD (Ahmed 
et al., 2023; Arango-Posada, 2024; Averill et al., 2022; Beaudequin et al., 
2020; Beaudequin et al., 2021; Burger et al., 2016; Chaudhary et al., 
2023; Chen et al., 2019; Chen et al., 2020; Chen et al., 2022a; Chen et al., 
2022b; Chen et al., 2023; Chen et al., 2024; d’Andrea et al., 2024; De la 
Salle et al., 2022; Domany & McCullumsmith, 2022; Di Vincenzo et al., 
2021; Fava et al., 2020; Feeney, et al., 2021; Galuskzo-Wegielnik et al., 
2021; Gilbert et al., 2020; Grunebaum et al., 2018; Grunebaum et al., 
2021; Gutierrez et al., 2024a; Gutierrez et al., 2022b; Hossein et al., 
2025; Ionescu et al., 2016; Ionescu et al., 2019; Kaur et al., 2023; Keilp 
et al., 2021; Kheirabadi et al., 2020; Li et al., 2023; Lin et al., 2023; 
Nikayin et al., 2022a; Pan et al., 2024; Phillips et al., 2020; Price et al., 
2009; Price et al., 2014; Rodrigues et al., 2024; Seraj et al., 2025; Singh 
et al., 2016a; Sinyor et al., 2018; Su et al., 2023; Thakurta et al., 2012; 
Tu et al., 2025; Uyar & Gunes, 2024; Vieira et al., 2021; Vidal et al., 
2018; Wang et al., 2017; Zheng et al., 2019; Ziegler et al., 2021; Zol
ghadriha et al., 2024; Table 1). All studies assessed SI, while select 
studies also reported on suicidal behavior. The scales most commonly 
used to assess suicidality included the BSI, PHQ-9, SSI, HAMD, MADRS, 
CCSSRS, and Quick Inventory of Depressive Symptomatology scale 
(QIDS). The most common route of ketamine administration was 
intravenous (IV; n = 45), followed by oral (n = 5), intranasal (n = 2) and 
intramuscular (n = 1). Across the studies, an IV ketamine dose of 0.5 
mg/kg, administered over 40 min, was most commonly investigated.

Ketamine treatment was associated with significant reductions in SI 
severity in persons with MDD/TRD (Ahmed et al., 2023; Arango-Posada, 
2024; Averill et al., 2022; Beaudequin et al., 2021; Beaudequin et al., 
2020; Burger et al., 2016; Chaudhary et al., 2023; Chen et al., 2019; 
Chen et al., 2020; Chen et al., 2022a; Chen et al., 2022b; Chen et al., 
2023; Chen et al., 2024; d’Andrea et al., 2024; De la Salle et al., 2022; 
Domany & McCullumsmith, 2022; Di Vincenzo et al., 2021; Galuskzo-
Wegielnik et al., 2021; Gilbert et al., 2020; Grunebaum et al., 2018; 
Grunebaum et al., 2021; Gutierrez et al., 2024a; Gutierrez et al., 2022b; 
Hossein et al., 2025; Ionescu et al., 2016; Kaur et al., 2023; Keilp et al., 
2021; Kheirabadi et al., 2020; Li et al., 2023; Lin et al., 2023; Nikayin 
et al., 2022a; Pan et al., 2024; Phillips et al., 2020; Price et al., 2009; 
Price et al., 2014; Rodrigues et al., 2024; Seraj et al., 2025; Singh et al., 
2016a; Sinyor et al., 2018; Su et al., 2023; Thakurta et al., 2012; Tu 
et al., 2025; Uyar & Gunes, 2024; Vieira et al., 2021; Vidal et al., 2018; 
Wang et al., 2017; Zheng et al., 2019; Ziegler et al., 2021; Zolghadriha 
et al., 2024). Only three studies observed non-significant between-group 
differences in SI severity post-ketamine compared to placebo treatment 
(Fava et al., 2020; Feeney, et al., 2021; Ionescu et al., 2019).

Some studies aimed to compare the effect of route of administration 
and/or dosage of ketamine on outcomes of suicidality in persons with 
MDD/TRD. For example, Chen et al. (2022b) and Chen et al. (2019) both 
reported that participants receiving 0.5 mg/kg of ketamine exhibited 
greater reductions in suicidal symptoms than those receiving a dose of 
0.2 mg/kg. Kheirabadi et al. (2020) found that both intramuscular and 
oral routes of administration were similarly effective in reducing scores 
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Table 1 
Study Characteristics and Results.

Author(s) Study Type Primary 
Diagnosis

Dosage/Specific 
Intervention

Duration Control Sample Size Age Range Measure Outcomes of Interest

rTMS

Baeken et al., 
2019

Randomized 
double-blind 
sham- 
controlled trial

MDD, stage 
1 treatment- 
resistance

-Accelerated 
intermittent TBS 
(aiTBS) 
-Left DLPFC targeted 
-5 sessions/day 
-Patients received 
1620 pulses/session 
in 54 triplet bursts 
with a train duration 
of 2 s and intertrain 
interval of 8s 
-Pause of 15 min 
between each 
session

20 sessions spread 
over 4 days

Magnetism 70-mm 
Double Air Film sham 
coil used, identical to 
active variant except 
without stimulation

n=21 received 
active treatment in 
the first week, 
sham in the 
second; n=24 
followed reverse 
order

M=44 BSI Wilcoxin-paired t- 
tests revealed that 4 
days of sham aiTBS 
resulted in a 
significant decrease 
in BSI scores (z=- 
2.24, p=0.03), but 4 
days of active aiTBS 
resulted in a barely- 
significant decrease 
in score (z=-1.89, 
p=0.06) 
The change in scores 
after 1 week of active 
stimulation was not 
significantly different 
from the change after 
1 week of sham aiTBS 
(p=0.53). Similarly, 
the change in score 
during the second 
week after active 
stimulation was not 
significantly different 
from the change after 
sham stimulation 
(p=0.62).

Barredo 
et al., 2021

Open label trial MDD and 
PTSD

5 Hz to DLPFC 
Intensity: 120 % of 
motor threshold. 
Pulse Range: 
3000–4000 pulses/ 
session

Up to 40 sessions 
over 8 weeks

N/A n=25 M = 52.4 IDS-SR 65 % of participants 
(n = 11) experienced 
a reduction in 
suicidality (IDS-SR 
Item 18 decreased by 
≥1 point). 
Mean reduction in 
suicidality scores 
across all 
participants: 42.6 % 
(p < 0.00001). 
12 % of participants 
(n = 3) experienced 
an increase in 
suicidal ideation 
post-treatment.

Bozzy et al., 
2020

Retrospective 
Review

MDD All veterans received 
5 or 10 Hz rTMS 
delivered to the left 
dorsolateral 
prefrontal cortex at 
120 % of motor 
threshold for up to 
40 sessions (M =
31.5, SD = 6.93, 
Range = 15–40)

At least 15 sessions, 
up to 40 sessions

N/A n=43 
veterans

27–73 PHQ-9 Paired t-tests 
indicated that 
suicidal ideation 
improved after 
stimulation (t (40) =
3.82, p < 0.001) 
Groups with baseline 
SI: (n = 29), patients 
showed reduced SI 
following TMS (F 
(1,27) = 8.63, p <
0.01, ηp2 = 0.12)

Chen et al., 
2022a

Post-hoc 
pooled analysis 
of two RCTs

TRD Low-Dose Ketamine 
Group: 
A single intravenous 
infusion of 0.5 mg/ 
kg ketamine. 
(rTMS) Groups: 
10 sessions of 
intermittent theta- 
burst stimulation 
(iTBS) or 10-Hz 
rTMS monotherapy.

Single infusion of 
ketamine 
10 sessions of TMS 
or TBS

Saline infusion 
Sham stimulation

n=48 for ketamine 
n=105 for rTMS

Ketamine: 
M=48.46; 
Saline: 
M=48.63; 
rTMS: 
M=4714; 
Sham: 
M=47.06

HDRS Significant reduction 
in HDRS Item 3 
(Suicide) scores for 
ketamine and iTBS. 
Ketamine's effect was 
prominent by Day 7 
(p < 0.001) but 
diminished by Day 
28. 
iTBS exhibited a 
gradual, sustained 
antisuicidal effect, 
lasting up to 3 
months (p = 0.002). 
10-Hz rTMS showed 
weaker antisuicidal 
effects compared to 
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Table 1 (continued )

Author(s) Study Type Primary 
Diagnosis 

Dosage/Specific 
Intervention 

Duration Control Sample Size Age Range Measure Outcomes of Interest

rTMS

ketamine and iTBS (p 
< 0.002 when 
comparing across 
groups).

Davila et al., 
2019

Retrospective 
review

MDD -rTMS treatment 
consisted of single 
daily 37-min 
sessions 
-Coil was positioned 
at the DLPFC 
-Using Neurostar 
and MagVenture 
stimulators

A period of 6 weeks, 
up to a maximum of 
30 treatments

N/A n=247 18–80 PHQ-9 80 % of those 
reporting a prior 
suicide attempt 
achieved complete 
remission, compared 
to 67 % of 
participants not 
reporting suicide 
attempts, p=0.03. 
This was achieved 
after 3.1±1.0 weeks 
of rTMS.

Desmyter 
et al., 2016

Randomized, 
sham- 
controlled trial

Therapy- 
resistant 
unipolar 
depression

-Intermittent TBS 
–Site of stimulation 
was the DLPFC 
-An iTBS session 
consisted of 54 
trains of 10 bursts of 
3 stimuli, applied in 
a 50 Hz frequency 
and repeated every 
200ms 
-1620 stimuli/ 
session 
-Two groups: one 
group received 
active stimulation 
during the first week 
and sham the 
second, and vice 
versa

-20 sessions 
delivered at 5 
sessions/day over 4 
days 
-4 timepoints: 
baseline (T1), after 
the first week of 
stimulation (T2), 
after the second 
week of stimulation 
(T3), and 2 weeks 
after the last 
stimulation (T4)

For the sham 
condition, a specially 
designed sham coil was 
used

n=32 M=41.90 BSI There was a 
significant decrease 
in BSI scores from T1 
to T2 (p<0.01). There 
was no significant 
effect of the order of 
treatment (p=0.66). 
Overall, there was a 
significant decrease 
of BSI scores from T1 
to all subsequent 
timepoints (p<0.05).

Desmyter 
et al., 2014

Randomized, 
sham- 
controlled, 
cross-over pilot 
study

Unipolar 
depression

-Accelerated 
intermittent theta 
burst stimulation 
(TBS) targeting the 
left dorsolateral 
prefrontal cortex. 
-Active Stimulation: 
1620 pulses per 
session (total of 
32,400 pulses).

-20 sessions over 4 
days (5 sessions per 
day).

-Sham Stimulation: 
Identical setup without 
active stimulation.

n=12 22–61 SSI 
HDRS

Significant decrease 
in SSI scores over 
time (baseline to T3), 
irrespective of active 
or sham stimulation. 
(p < 0.01) 
No statistical 
difference between 
active and sham 
groups. 
Reduction in 
depressive severity 
(HDRS) was noted 
but was unrelated to 
changes in suicidal 
ideation.

Fujita & 
Koga, 2005

Open-label 
study

Major 
depression -Five stimuli at each 

site at 6–10 s 
intervals for a total 
of 20 stimuli/day

5 consecutive days N/A n=23 22–74 HAMD Comparison of scores 
between 2 days 
before TMS and 1 day 
after showed a 
significant decrease 
in the scores for 
feelings of suicide, 
p<0.01.

Holtzheimer 
et al., 2010

Open-label 
study

TRD Single-pulse TMS 
positioned at lowest 
motor threshold for 
right first dorsal 
interosseous or 
abductor pollicis 
brevis muscle 
Left DLPFC 
treatment 5.5 cm 
anterior from MT

15 sessions, 5 
sessions on day 1, 10 
on day 2, 
consecutive, with 10 
Hz rTMS in 5 sec 
with 25 s interval at 
100 % intensity 
Total: 1500 rTMS 
over 2 days

N/A N=14 
(12 completed)

20–74 BDI, HDRS Two patients 
discontinued, one 
due to increased 
suicidal ideation 
Mean HDRS24 
decreased by 47 % on 
day 3, 55 % by week 
6 
HDRS24 = baseline 
24.6(5.6) at 3 days: 
13.0(6.1) and 6 
weeks: 11.1(7.7). 
Study suggests 
efficacy.

(continued on next page)
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Table 1 (continued )

Author(s) Study Type Primary 
Diagnosis 

Dosage/Specific 
Intervention 

Duration Control Sample Size Age Range Measure Outcomes of Interest

rTMS

Huang et al., 
2025

Sham- 
controlled trial

MDD -Stimulation over 
the left DLPFC 
-rTMS: 10 Hz TMS at 
a resting motor 
threshold of 100 %, 
with each patient 
receiving 3000 
pulses of 25 min 
-iTBS: 80 % resting 
motor threshold, 
delivered as 50 Hz 
trains (600 pulses 
over 3 min 9 s)

15 days of TMS Sham TMS MDD: n=63 
(rTMS:n=25; 
iTBS: n=15; sham 
TMS: n=22); HC: 
n=40

rTMS: 
M=21.08; 
iTBS: 
M=19.93; 
sham: 
M=21.68

BSI-CV 
BDI 
HAMD-17

Both rTMS and iTBS 
mitigated SI 
symptoms from 
baseline to 
posttreatment 
(p<0.001) in MDD 
patients. There were 
improved scored after 
15 days of rTMS 
(p<0.001) and iTBS 
(p=0.002), not sham 
treatment (p>0.05).

Kong et al., 
2023

Randomized, 
double-blind 
non-inferiority 
trial

MDD -Intermittent theta 
burst stimulation 
(iTBS) targeted to 
the left DLPFC or left 
VC (varied based on 
group) 
-Triplet 50 Hz 
bursts, repeated at 5 
Hz 
-2 s on and 8 s off 
-600 pulses/session 
with a total duration 
of 3 min 9s

Performed twice 
daily with a 
minimum 2 hour 
interval, 14 
consecutive days

N/A n=38 in left 
DLPFC group; 
n=37 in left VC 
group

18–55 Beck Scale 
for Suicidal 
Ideation 
Chinese 
Version 
(BSI-CV), 
item 3 of 
HAMD-17, 
item 10 of 
MADRS

Suicidal ideation 
scores decreased 
significantly in both 
groups after iTBS. 
The BSI-CV and item 
3 of HAMD-17 scores 
were lower in the VC 
group following 
treatment. 
Following treatment, 
the DLPFC group had 
a higher mean BSI-CV 
score (M=2.0) than 
the VC group 
(M=0.0). Both scores 
were significantly 
lower than baseline 
scores (p=0.01). 
Both groups had a 
mean score of 0.0 for 
HAMD-17 item 3 and 
MADRS item 10, 
however only the 
HAMD-27 scores 
were significantly 
lower than baseline 
scores (p=0.02).

Leuchter 
et al., 2015

Double-blind 
sham- 
controlled trial

MDD -Low-field sTMS 
-Device had a 
surface field of 0.64 
T, positioned in the 
sagittal line

-Participants 
received daily 
treatments 5 days/ 
treatment week for 
5 weeks, for a 
maximum of 30 
treatments

Sham device was 
indistinguishable from 
the active device, other 
than being inactive 
(non-magnetic rotating 
metal shaft)

sTMS: n=103; 
sham: n=99

22–65 C-SSRS There was no 
significant difference 
in the rates of suicidal 
ideation between 
participants in the 
active treatment and 
sham at baseline 
(p=0.10) or at the 
end of treatment 
(p=0.64). The only 
suicide attempt 
during the study 
occurred in a sham- 
treated subject.

Mehta et al., 
2022a

Post-hoc of 
data from 
THREE-D trial

TRD -rTMS delivered to 
the dlPFC 
-10 Hz rTMS: (120 % 
RMT stimulation 
intensity; 10 Hz 
frequency; 4 s on 
and 26 s off; 3000 
pulses per session; 
total duration of 
37⋅5 min). iTBS was 
delivered at the 
same site and 
intensity (120 % 
RMT, triplet 50 Hz 
bursts, repeated at 5 
Hz; 2 s on and 8 s off; 
600 pulses per 
session; total 
duration of 3 min 9 
s)

-Five sessions per 
week for a total of 
20 sessions

N/A 10 Hz rTMS (n=
205) iTBS 
(n=209)

18–65 HDRS-17 HRSD-17 scores 
improved from 23.5 
(SD 4.4) to 13.4 (7.8) 
in the 10 Hz rTMS 
group and from 23.6 
(4.3) to 13.4 (7.9) in 
the iTBS group 
(p=0⋅0011), which 
indicated non- 
inferiority of iTBS.

(continued on next page)
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Table 1 (continued )

Author(s) Study Type Primary 
Diagnosis 

Dosage/Specific 
Intervention 

Duration Control Sample Size Age Range Measure Outcomes of Interest

rTMS

Ozcan et al., 
2020

Open label 
study

TRD` 20 Hz stimulation, 
intensity: 100 % of 
motor threshold to 
DLPFC. 
Total pulses per 
session: 1000 
magnetic pulses (2 s 
per train with a 30- 
second interval 
between trains).

5 sessions per week 
for 4–6 weeks

N/A n=30 18–65 SIS, C-SSRS, 
MADRS

Reduction in Suicidal 
Ideation 
SIS (Suicidal Ideation 
Scale): 
Pre-treatment mean 
score: 10.41 ± 2.31. 
Post-treatment mean 
score: 4.30 ± 2.67. 
Significant reduction 
(t = − 4.47, p <
0.001). 
C-SSRS Severity of 
Ideation Subscale: 
Pre-treatment mean 
score: 2.36 ± 1.34. 
Post-treatment mean 
score: 0.7 ± 0.78. 
Statistical Change: 
Significant reduction 
(t = − 4.45, p <
0.001). 
Reduction in 
Depression Severity 
(MADRS) 
Pre-treatment mean 
score: 35.48 ± 7.39. 
Post-treatment mean 
score: 15.89 ± 8.06. 
Statistical Change: 
Significant reduction 
(t = 9.31, p < 0.001).

Pan et al., 
2020

Double-blind, 
randomized, 
sham- 
controlled trial

MDD -Each rTMS session 
comprised 120 
trains of 5 s at 5 Hz, 
with inter-train 
intervals of 15 s 
-The coil was placed 
over the DLPFC 
-An eight-figured 
coil was used

-TMS treatment was 
given for 7 
consecutive days

Sham rTMS: 
parameters were the 
same as those in the 
active group, except 
the coil was turned 90 
degrees with only one 
wing in contact with 
the scalp

rTMS: n=21; 
sham: n=21

13–45 BSI The active rTMS 
group showed a 
significantly greater 
BSI score reduction 
compared to the 
sham group on day 3 
(p<0.001), and this 
significant difference 
was maintained on 
day 7 as well 
(p<0.001).

Pan et al., 
2023

Randomized 
sham- 
controlled trial

Treatment- 
resistant 
MDD

-rTMS with an eight- 
figured coil was 
delivered to each 
participant’s left 
DLPFC 
-Each session 
included 6000 
stimuli/day 
delivered in 120 
trains of 5 s at 10 Hz 
with 15 s inter-train 
intervals

-Each subject 
received 7 daily 
sessions of rTMS 
-Outcomes were 
assessed at baseline, 
day 3, and day 7

Sham rTMS: coil 
turned 90 degrees with 
only 1 wing in contact 
with the scalp

Active: n=31; 
sham: n=28

13–45 BSI The active rTMS 
showed a 
significantly greater 
BSI score reduction 
than the sham group 
at day 7 (p<0.001).

Ramasubbu 
et al., 2024

Open-label 
pilot study

MDD -All participants 
received TBS 5 
times/day with an 
inter-session 
interval of 15 min 
-In each treatment, 
participants first 
received iTBS over 
the left DLPFC 
followed by cTBS 
over the right DLPFC 
-iTBS consisted of 
600 pulses/session 
delivered in 20 
trains of 10 triplet 
bursts at 50 Hz with 
a train duration of 2 
s (5 Hz) on and 8 s 
off 
-cTBS consisted of 

-Treatment over 5 
consecutive days 
-Assessments were 
administered daily 
after treatment, and 
2 weeks after 
treatment.

N/A n=25 18–65 C-SSRS With treatment, there 
were significant 
decreases in suicidal 
ideation and 
behavior (X2(2)=
17.522, p<0.001) 
with posthoc 
significance at 2 
weeks after treatment 
compared to baseline 
(z=-2.62, p=0.027) 
and in the intensity of 
ideation (X2(2)=
12.640, p=0.002)

(continued on next page)
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Table 1 (continued )

Author(s) Study Type Primary 
Diagnosis 

Dosage/Specific 
Intervention 

Duration Control Sample Size Age Range Measure Outcomes of Interest

rTMS

600 pulses delivered 
in 200 triplet bursts 
at 50 Hz in a single 
train with a duration 
of 40 s.

Stapper et al., 
2025

Retrospective 
review

MDD-TRD Either unilateral or 
bilateral TBS, 18 Hz 
deep TMS, or TBS 
with a deep TMS coil

Unilateral/bilateral 
TBS: M=38.9 
sessions; deep TMS: 
M=35.5 sessions; 
TBS with deep TMS 
coil: M=38.4 
sessions

N/A Unilateral/ 
bilateral TBS: 
N=67; deep TMS: 
N=53; TBS with 
deep TMS coil: 
N=10

M=55.9 Suicide item 
on PHQ-9 or 
BDI-II

Symptoms of SI 
significantly 
decreased from 
baseline to post-rTMS 
treatment (p<0.001). 
Following TMS, 48 % 
of patients achieved 
SI remission and 61 % 
achieved SI-response. 
More specifically, 55 
% of patients who 
received TBS and 40 
% of patients who 
received 18 Hz TMS 
achieved SI 
remission. There 
were greater 
improvements in SI 
symptoms for the TBS 
and TBS deep TMS 
coil groups than the 
18 Hz TMS group 
(p=0.003 and 
p=0.016). 
There was a near- 
linear decrease in SI 
symptoms for the first 
22 sessions, and then 
a subsequent plateau.

Tang et al., 
2021

Open-label 
study

MDD with 
suicidal 
ideation

-Left DLPFC targeted 
-Individual target 
TMS was used 
-50 iTBS sessions of 
1800 pulses per 
session

-10 daily sessions 
over 5 consecutive 
days

Healthy controls Patients: n=15; 
HCs: n=15

18–60 BSI-CV 
HAMD item 
3 
MADRS 
item 10

Patients showed a 
significant reduction 
in BSI-CV scores 
(p<0.001), item 3 of 
HAMD (p<0.001), 
and item 10 of 
MADRS (p<0.001) 
following treatment. 
53.33 % of patients 
were in remission 
according to the BSI- 
CV scale after 5 days 
of treatment. 
Remission rates met 
80 % 30 days after 
treatment.

Terpstra 
et al., 2023

Open label 
clinical trial

TRD Low frequency (LF)- 
rTMS: 1 Hz 
30 min sessions with 
1800 pulses

5 sessions/week for 
four weeks

N/A n=55 18–80 MADRS 
CHRT

CHRT Total Score: 
Mean decrease of 8.4 
points (p < 0.001) 
from baseline to week 
17. 
CHRT Propensity 
Score: Mean decrease 
of 6.8 points (p <
0.001). 
CHRT Risk Score: 
Mean decrease of 0.8 
points (p = 0.004) 
Mean MADRS score 
decreased from 29.0 
at baseline to 19.7 at 
week 5 (p < 0.001).

Wang et al., 
2022

Open-label 
Study

TRD with 
suicidal 
ideation

-rTMS, scalp 
position of L-DLPFC 
5.5 cm anterior in 
the mid-sagittal 
plane 
60 trains of 50 
pulsations, 3.33 s 
stimulation, 26 

25 sessions lasting 
30 mins, 5 sessions 
per day for 5 
consecutive days 
and evaluated 4 
weeks after

N/A n=31 18–60 C-SSRS 
HAMD-17

The remission rate of 
suicidal ideation was 
87.09 % at day 5 and 
at 4 weeks was 77.42 
%. 
Treatment was 
tolerated by all 
patients, no serious 

(continued on next page)
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Table 1 (continued )

Author(s) Study Type Primary 
Diagnosis 

Dosage/Specific 
Intervention 

Duration Control Sample Size Age Range Measure Outcomes of Interest

rTMS

intervals 110 % rMT 
intensity, 3000 
pulses at 15 Hz

adverse effects except 
for dizziness.

Wang et al., 
2024

Open-label 
study

MDD-TRD -Accelerated rTMS 
-15 Hz stimulation 
over the left DLPFC 
-A total of 3000 
pulses

25 sessions, each 
lasting 30 min 
-Five sessions per 
day for 5 
consecutive days

N/A n=119 18–60 C-SSRS 
HAMD-17

A significant effect of 
treatment on 
depression and 
suicide ideation was 
achieved by day 5 
and maintained 
through 4 weeks 
(p<0.01), scores at 
all follow-up time 
points were 
significantly 
improved compared 
to baseline (p<0.01).

Weissman 
et al., 2018

Post-hoc 
analysis of 2 
RCTs

Treatment- 
resistant 
major 
depression

-Bilateral rTMS, 
unilateral rTMS, and 
sham rTMS

-15 sessions over 3 
weeks

Sham condition n=156 
Sham rTMS: 
n=48; unilateral 
rTMS: n=56; 
bilateral rTMS: 
n=52

18–84 HDRS-17 
item 3

Suicidal ideation 
resolved in 40.4 % of 
participants who 
received bilateral 
rTMS, 26.8 % of those 
who received left 
unilateral rTMS, and 
18.8 % of those who 
received sham rTMS. 
The difference in 
resolution of suicidal 
ideation between 
bilateral and sham 
rTMS was statistically 
significant (p=0.02), 
but there was no 
significant difference 
between left 
unilateral and sham 
rTMS (p=0.33).

Wilkening 
et al., 2022

Quadruple- 
blind sham- 
controlled 
crossover RCT

MDD, 
ongoing 
moderate or 
severe 
depressive 
episode

-iTBS, stimulation 
ON for 2 s followed 
by 8 s of stimulation 
OFF, performed 60 
times in a session 
-1800 stimuli 
applied with a 
frequency of 5 Hz or 
50 Hz to the left 
DLPFC over a 
session 
- One daily visit: 4 
sessions of 10 min, 
each followed by at 
least a 20 min pause

20 sessions/week 
over 2 weeks of 
stimulation and 6 
weeks of 
observation

Sham condition: the 
same coil was blindly 
flipped 180 degrees; 
electrical stimulation 
delivered to mimic 
stimulation

n=81; 
treatment=40, 
sham=41

18–60 HAMD item 
3, MADRS 
item 10, 
BDI-II item 
9

For all subjects, 62 % 
showed a decrease in 
suicide score, 21 % 
showed no change, 
17 % showed an 
increase. Suicide 
score was reduced by 
24.61 % on average. 
Comparing the 
change in suicidality 
between active and 
sham stimulation 
groups showed no 
significant 
differences, t(80) =
-0.07, p = 0.94. 
Bonferroni-adjusted 
pairwise comparisons 
revealed significantly 
greater suicidality 
reductions from week 
1 to all other weeks 
(2–6). 
The suicidality score 
between week 1 and 
week 6 showed a 
significant difference 
t(80) = 3.46, p =
0.001, effect size of 
d = 0.39.

Yesavage 
et al., 2018

Double-blind, 
sham- 
controlled RCT

MDD (TRD) -Participants were 
randomized to either 
left prefrontal rTMS 
treatment (10 Hz, 
120 % motor 
threshold, 4000 
pulses/session) or 
sham rTMS 

-Between 20 and 30 
sessions of rTMS 
-Treatment was 
delivered in 5 
session blocks over 5 
to 12 days

Sham rTMS treatment Treatment group: 
n=60; sham: n=65

18–80 BSI, CSSRS No significant effect 
of treatment on 
suicidality was found 
at the end of the 
treatment phase.

(continued on next page)
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Table 1 (continued )

Author(s) Study Type Primary 
Diagnosis 

Dosage/Specific 
Intervention 

Duration Control Sample Size Age Range Measure Outcomes of Interest

rTMS

treatment 
-rTMS administered 
using a MagPro R30 
device

Zapf et al., 
2024

Secondary 
analysis

MDD -1200 pulses/day of 
both active and 
sham stimulation 
-Active stimulation 
over the left DLPFC 
-a single iTBS 
session was 
delivered at 120 % 
resting motor 
threshold in bursts 
of 3 pulses at 50 Hz, 
repeated at 5 Hz for 
600 pulses. 
-There was a once- 
daily and twice- 
daily iTBS group

-30 treatment days 
corresponding to 60 
sessions 
-Assessed at 
baseline, after 10 
days, and after 30 
days

Sham stimulation Once-daily: n=82; 
Twice-daily: n=76

18–59 HDRS-17 
QIDS 
MADRS 
BDI-II

After 10 days of 
treatment, 15 (18.3 
%) of participants in 
the once-daily group 
and 19 (25 %) of 
participants in the 
twice-daily group 
remitted from SI. 
After 30 days, 27 
(32.9 %) in the once- 
daily group and 30 
(39.5 %) participants 
in the twice-daily 
group achieved 
remission. 
There was a 
significant main 
effect of time 
(p<0.001), but no 
significant effect of 
group (p=0.501).

Zhan et al., 
2024

Secondary 
analysis of an 
open-label trial

MDD 
(TRD)

-Participants 
received rTMS over 
the right DLPFC 
-1200 pulses/session

-20 overall sessions 
-Treatment 
delivered once daily 
on weekdays across 
4 weeks

N/A n=55 M=42.8 CHRT-SR SI scores showed a 
mean reduction score 
of 9.1 from baseline 
to post-treatment. 
The percentage 
decrease was 32.5 %. 
60 % of participants 
showed 
improvements in SI.

Zhang et al., 
2021

Open label trial MDD HF: 10 Hz rTMS to 
left DLPFC, 80 trains 
of 30 pulses 
LF: 1 Hz rTMS to left 
DLPFC, 2 trains of 
700 pulses

5 session per week 
for 2 weeks

N/A n=146 10–80 HAMD 64.9 % achieved 
remission of SI 
(HAMD-SI score = 0) 
after 2 weeks of 
treatment. 
HF Left DLPFC: 
76.7 % remission rate 
(33/43 participants). 
Greater efficacy in 
reducing SI than LF 
Right DLPFC: 
(55.6 % remission 
rate (30/54 
participants)).

Zhao et al., 
2024

Active- 
comparator 
randomized 
controlled trial

Treatment- 
resistant 
major 
depression

-Targeted the left 
DLPFC 
-iTBS cycles 
comprised 10 bursts 
of 3 pulses at 50 Hz, 
delivered in 2-sec
ond trains, with an 
8-second intertrain 
interval and a total 
duration of 10 min

-Treatment sessions 
were administered 
hourly 10 times a 
day, for a total of 
18,000 pulses/day 
for 5 consecutive 
days 
-Clinical 
assessments at week 
1, 3, and 5

-cTBS: continuous 
delivery of 50 Hz 
triplets at 5 Hz for a 
total of 1800 pulses

n=22 in each 
group (total: 
n=44)

13–40 BSI BSI scores at all 
follow-up time points 
were significantly 
lower than baseline 
scores (p<0.001). 
There was a larger 
reduction in suicidal 
ideation in the cTBS 
group compared to 
the iTBS group 
(p=0.04). During the 
4-week follow-up, 
72.73 % of patients in 
the cTBS group 
achieved remission of 
suicidal ideation 
compared to 31.82 % 
of patients in the iTBS 
group (p=0.007).

ECT

Çakir & 
Çağlar, 
2017

Naturalistic 
observation

MDE -ECT was applied to all 
patients with a 
standardized modality 
-Initial stimulus energy 

-ECT was 
delivered 3 
times/week 
-The number of 

N/A n=30 with 
unipolar 
depression

18–65 HDRS Nine patients had a 
suicide attempt 
during the follow- 
up period, p=0.004.

(continued on next page)

T. Menon et al.                                                                                                                                                                                                                                  Psychiatry Research 359 (2026) 117036 

11 



Table 1 (continued )

ECT

determined by an age- 
based method adjusted 
for gender 
-Energy delivered was 
between 20 and 120 %; 
charge delivered was 
between 108 and 648 
mC 
-Electrodes placed 
bitemporally

ECT sessions was 
determined by 
the primary 
physician 
-The follow-up 
occurred one 
year after the last 
ECT session.

Isometsä 
et al., 
1996

Case report Major 
depression

Series of ECTs 
comprising of 5 
unilateral treatments 
with convulsion times 
of 40–55 s

N/A N/A Total n=2; 
n=1 with non- 
psychotic 
depression

49 Completed 
suicide

Subject was 
discharged after 
seemingly 
responding to 
treatment, but died 
of overdose 3 
months after the 
final ECT session 
due to experiencing 
a relapse.

Jørgensen 
et al., 
2020

Observational 
study based on 
data from the 
Danish National 
Patient Registry

Single episode 
or recurrent 
unipolar 
depression

Not specified Median number 
of ECT sessions 
was 10

Patients not treated with 
ECT

Total 
N=92,895; 
n=5004 
treated with 
ECT

≥10 Suicide 
attempts 
and suicide

ECT was associated 
with a higher risk of 
suicidal behavior, 
but with lower all- 
cause mortality. 
3653 patients not 
treated with ECT 
had a suicide 
attempt and 495 
committed suicide. 
270 patients treated 
with ECT had a 
suicide attempt and 
103 attempted 
suicide.

Kellner 
et al., 
2005

Multisite, 
collaborative 
study

MDD -Stimulus dosing was at 
1.5 times the seizure 
threshold 
-Standard brief-pulse 
ECT with bitemporal 
electrode placement

-Thrice weekly 
ECT sessions 
-6-month 
continuation 
phase following 
remission: ECT 
weekly for 4 
weeks, biweekly 
for 8 weeks, and 
monthly for 2 
months

N/A n=131 18–85 HAMD item 
3

15.3 % of patients 
with high expressed 
suicidal intent 
experienced 
remission of 
suicidal intent after 
1 ECT session, 38.2 
% after 3 ECT 
sessions, 61.1 % 
after 6 ECT sessions, 
and 76.3 % after 9 
ECT sessions. 80.9 
% of these patients 
experienced full 
remission overall.

Keshtkar 
et al., 
2011

Randomized 
parallel-group

MDD -rTMS view magnetic 
stimulator, 408 
stimulations per 
session, left DLPFC 
-ECT brief-pulse, 
square-wave, constant 
current (1.4 ms, for 1.25 
s 80 Hz) with thiopental 
as anesthetic

rTMS: 10 day 
course with 
repeated pulses 
ECT: 10 sessions, 
3 weekly

N/A n=75, 40 ECT 
35 rTMS

34 BDI and 
HDRS

Significant decrease 
in the BDI suicidal 
subscale score, with 
ECT (mean[SD] =
1.4[1.0] to 0.5[0.7] 
after intervention), 
decreasing more 
than rTMS (mean 
[SD] = 1.5[0.8] to 
1.2[0.9] after 
intervention) 
ECT (mean[SD] =
2.3 [1.1] to 0.3[0.5] 
after treatment) 
decreased the score 
for the suicidal 
subscale of HDRS 
more than rTMS 
(mean = 1.9[1.3] to 
1.3[1.2] after 
treatment). 
Overall ECT more 
effective than rTMS 
in reducing suicidal 
behavior in the 
short-term.

(continued on next page)

T. Menon et al.                                                                                                                                                                                                                                  Psychiatry Research 359 (2026) 117036 

12 



Table 1 (continued )

ECT

Kheirabadi 
et al., 
2020

Pilot study MDD -ECT: electrodes were 
placed 
bifrontotemporally and 
the electrical stimulus 
was first set at 20 J and 
then titrated based on 
the duration of the 
seizure 
-intramuscular 
ketamine: 0.5mg/kg of 
racemic ketamine in the 
gluteus medius site 
-Oral ketamine: 1mg/kg 
of racemic ketamine

-ECT: individuals 
received 6–9 
sessions over the 
3 weeks 
-IM ketamine: 
6–9 injections 
over 3 weeks 
-Oral ketamine: 
6–9 sessions over 
3 weeks

N/A ECT: n=12; 
oral ketamine: 
n=12; IM 
ketamine: 
n=15

20–70 BSI BSI scores 
significantly 
reduced for all 3 
groups following 
treatment 
(p<0.001). 
The greatest 
reduction in BSI 
scores occurred 24 
hours after the first 
intervention and 
did not return to 
baseline even one 
month after (all 
p<0.001). 
Significantly lower 
suicide scores were 
seen for both the 
oral and IM 
ketamine groups 
compared to the 
ECT group, 
especially on the 
first day (p=0.045), 
and second week 
(p=0.033), 
suggesting that the 
antisuicidal effects 
of ketamine may be 
superior to ECT.

Liang et al., 
2018

Retrospective 
cohort study

Unipolar 
depression 
and bipolar 
depression

Not specified -Mean hospital 
stay for the ECT 
group was 22.8 
days and 16.4 
days for the non- 
ECT group 
-ECT group mean 
follow-up period: 
4.4 years, and 
2.76 for non-ECT 
group

Control: non-ECT cohort of 
people who received 
psychopharmacotherapy 
instead

Of those with 
unipolar 
depression, 
ECT group: 
n=319, non- 
ECT group: 
n=1276

ECT group: 
M=38.5; 
non-ECT 
group: 
M=39.2

Not 
specified

In patients with 
unipolar 
depression, ECT 
patients showed a 
significantly lower 
cumulative 
incidence of suicide 
than non-ECT 
recipients 
(p<0.001).

Lin et al., 
2020

Data analysis of 
2 open-label 
trials

MDD -Standard bilateral 
frontotemporal and 
modified ECT was 
performed 
-Seizure duration was at 
least 20 s

Treatment was 
given 3 times a 
week at first, and 
then 2 times a 
week for a 
maximum of 12 
treatments (for a 
total of 6 weeks)

Control: fluoxetine at a 
dose of 20mg/day for 6 
weeks

ECT group: 
n=111; 
fluoxetine: 
n=114

ECT: 
M=46.5; 
fluoxetine: 
n=45.6

HAMD-17 
item 3

After treatment, 
both groups had 
significantly 
improved suicide 
item scores (both 
p<0.001), however, 
the effect was 
greater for the ECT 
group. At endpoint, 
the ECT group 
exhibited 
significantly lower 
suicide item scores 
than the fluoxetine 
group (p<0.001).

Salagre 
et al., 
2022

Observational 
study based on 
nationwide data 
from Danish 
registers

Unipolar 
depression, 
bipolar 
disorder, 
psychotic 
disorder, 
personality 
disorder

Not specified Median number 
of ECT sessions 
for patients with 
unipolar 
depression was 
10, with the 
median 
admission length 
being 43 days

Comparison group: patients 
not receiving ECT matched 
on age, sex, and diagnostic 
category

ECT unipolar 
depression 
group: 
n=8843; Non- 
ECT 
comparison 
group: 43,107

ECT 
unipolar 
depression 
group: 
M=56.1

Intentional 
self-harm 
and suicide 
attempts

For patients with 
unipolar 
depression, the 
number of events 
decreased 
significantly from 
before the first ECT 
session to 1, 2, 3, 6 
months, and 1 year 
after the first ECT 
session (all 
ps<0.001). 
However, there was 
no longer a 
significant 
reduction at 2 years 
(p=0.465). 
For the non-ECT 
group, there were 
no significant 

(continued on next page)
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Table 1 (continued )

ECT

reductions in 
number of events at 
all time points (all 
ps>0.001).

Ketamine

Ahmed et al., 2023 Double-blind 
randomized 
controlled trial

Treatment- 
resistant MDD

-Two infusions of 
IV ketamine 
hydrochloride 
(0.5mg/kg 
ketamine in 50 ml 
saline)

One infusion each 
week for 2 
consecutive 
weeks

Placebo: saline 
50ml

n=18 in each 
group

18–65 Suicide 
Probability 
Scale (SPS)

SPS scores 
dropped 
significantly from 
before treatment 
to after the first 
infusion 
(p=0.085) and 
after both 
infusions 
(p=0.009) for the 
ketamine group. 
However, scores 
did not drop 
significantly from 
before treatment 
to after the first 
infusion 
(p=0.673) or after 
both infusions 
(p=0.767) for the 
placebo group.

Arango-Posada, 
2024

Case report Major 
depression

Single IV infusion 
of 1.5mg/kg of 
ketamine diluted 
in 250 ml saline 
over 25h

Patient 
discharged 4 days 
after infusion, 
frequent follow- 
ups for 12 weeks

N/A n=1 55 PHQ-9 The day after the 
infusion, the 
patient reported 
better mood and 
said the suicidal 
thoughts had 
almost completely 
disappeared. 
Eleven months 
following the 
infusion the 
suicidal thoughts 
still had not 
returned.

Averill et al., 2022 Secondary 
analysis of a 
double-blind 
placebo- 
controlled 
study

MDD (current 
episode)

-0.5mg/kg IV 
ketamine 
-Prior to ketamine: 
placebo on one 
infusion day, and 6 
mg of oral 
rapamycin on the 
other infusion day

-Infusions were 
administered over 
40 min. The two 
infusions were at 
least 2 weeks 
apart

Placebo (not 
specified)

N=20 21–65 MADRS item 
10, QIDS item 
12, BSI

Ketamine 
significantly 
reduced suicidal 
severity: MADRS 
(p<0.0001), QIDS 
(p=0.005), BSS 
(p=0.002). 
Antisuicidal 
effects peaked at 
day 1 post- 
treatment, and 
were maintained 
at week 1. 
Compared to 
baseline scores, 
the antisuicidal 
effects lost 
statistical 
significance by 
week 2 for 
MADRS (p=0.10) 
and QIDS 
(p=0.08), but not 
BSS (p=0.013).

Beaudequin et al., 
2021

Secondary 
analysis

MDD -Oral ketamine at 
an initial dose of 
0.5mg/kg, and 
then titrated up by 
02.-0.5mg/kg or 
down by 
0.2–0.7mg/kg at 
each treatment 
depending on 
participant 

One dose/week 
during a 6-week 
treatment phase, 
and then a 4-week 
follow-up phase

N/A n=30 ≥18 BSI BSI scores 
significantly 
decreased from 
baseline (pre- 
ketamine) to 
follow-up 
(p<0.001)

(continued on next page)
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Table 1 (continued )

Ketamine

tolerance. 
-The maximum 
dose at the last 
treatment session 
was 3.0mg/kg

Beaudequin et al., 
2020

Secondary 
analysis

MDD and 
chronic suicidal 
thoughts

-Oral ketamine at 
an initial dose of 
0.5mg/kg, and 
then titrated up by 
02.-0.5mg/kg or 
down by 
0.2–0.7mg/kg at 
each treatment 
depending on 
participant 
tolerance. 
-The maximum 
dose at the last 
treatment session 
was 3.0mg/kg

One dose/week 
during a 6-week 
treatment phase, 
and then a 4-week 
follow-up phase

N/A n=30 ≥18 BSI At follow-up, 50 
% of participants 
were assessed as 
being responders 
(≥50 % 
improvement 
from pre- 
treatment BSI). 33 
% of participants 
were assessed as 
being in full 
remission 
(BSSI=0, no more 
suicidal ideation).

Burger et al., 2016 Double-blind, 
randomized, 
placebo- 
controlled pilot 
study

Acute 
depression +
suicidal 
thinking

-infusion of 
0.2mg/kg over 2 
mins

240 mins stay in 
the emergency 
department

Placebo =
normal saline for 
2 mins

n=10, 7 in 
placebo, 3 in 
ketamine

18–65 BSI 
BHS

Study terminated 
early 
67 % of ketamine 
users showed 
improvement in 
hopelessness and 
suicidality. 
Significant time x 
group interaction 
in BHS score and 
BHS score were 
statistically 
different at 
discharge (p <
0.05) but not at 
follow-up (p >
0.05).

Chaudhary et al., 
2023

Retrospective 
data analysis

MDD -IV ketamine 
infusions given at 
a dose ranging 
from 0.4–0.7mg/ 
kg

-Infusion over 50 
min 
-6 sessions over 2 
weeks 
-Outcomes 
assessed at 2 h, 7 
days, and 1 
month post- 
treatment

N/A n=10 22–49 C-SSRS Ketamine 
significantly 
reduced C-SSRS 
scores following 
the first dose and 
remained reduced 
throughout all 
assessments. 
9/10 reported no 
SI following the 
first dose, which 
was sustained for 
30 days. There 
were no suicide- 
related adverse 
events.

Chen et al., 2024 Reanalysis of 
previous 
clinical trials

TRD-SI (with 
and without 
melancholic 
features)

0.5 mg/kg 
ketamine or 0.045 
mg/kg midazolam 
single infusion

7-day time period N/A n=84 
n=42 (ketamine 
n= 42 
midazolam

35.57 (12.75 
is SD)

MADRS, 
CSSRS, 
PANSI; 
HDRS

Antisuicidal effect 
noted in non- 
melancholic TRD 
individuals on 
MADRS item 10 
scale: (4.18 
[0.38]) better 
than in 
melancholic TRD 
(4.33[0.48]). 
Patients without 
melancholic 
features had 
better antisuicidal 
effects based on 
PANSI-NSI score 
after ketamine but 
scored higher in 
the ketamine 
group than 
midazolam in 
patients with 
melancholic 

(continued on next page)
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Table 1 (continued )

Ketamine

features, 
significance at 
day 2 but not at 
other time points. 
The antisuicidal 
effect of a single 
infusion persisted 
for 5 days on 
MADRS, CSSR-ISS 
and 7 days on self 
reported scores.

Chen et al., 2023 Randomized 
controlled trial

MDD (TRD) Single infusion of 
0.5mg/kg 
ketamine

Patients were 
assessed 2, 3, 5, 7, 
and 14 days post- 
infusion

Control: 
0.045mg/kg of 
midazolam

n=48; n=24 in 
each group

20–64 MADRS item 
10, HDRS, 
CSSRS-ISS

On day 3 post- 
infusion, the 
ketamine group 
had significantly 
lower HDRS 
(p=0.029) and 
MADRS 
(p=0.004) scores 
than the 
midazolam group. 
The CSSRS-ISS 
scores did not 
significantly differ 
between groups 
(p=0.053).

Chen et al., 2022b Double-blind, 
randomized 
placebo- 
controlled 
study

Treatment 
resistant double 
depression 
(major 
depression and 
persistent 
depressive 
disorder)

Patients in 
ketamine groups 
either received 
0.2mg/kg or 
0.5mg/kg of IV 
ketamine

Patients assessed 
prior to 
treatment, 40 and 
240 min 
posttreatment, 
and on days 1–7 
and 14 following 
the treatment

Placebo: IV saline 
infusion

0.2mg/kg 
ketamine: n=11; 
0.5mg/kg 
ketamine: n=12; 
placebo: n=12

0.2mg/kg 
ketamine: 
M=42.36 
0.5mg/kg 
ketamine: 
M=53.58; 
Placebo: 
M=47.33

HDRS item 3 The 0.5mg/kg 
ketamine group 
exhibited 
significant 
reduction in 
HDRS item 3 
scores (p=0.033) 
compared to the 
0.2mg/kg 
ketamine and 
placebo groups. 
Changes in 
suicidal 
symptoms did not 
differ between 
0.2mg/kg 
ketamine and 
placebo groups.

Chen et al., 2020 Randomized, 
placebo- 
controlled 
double-blind 
study

MDD ECT: bitemporal, 
intensity 
determined as half 
patients age, 
under propofol 
anesthesia, 
discontinued 
when outcome 
reached or no 
response 
Ketamine: 
0.03mg/kg before 
ECT

3 times a week 
until 
discontinued 
when outcome 
reached or no 
response during 2 
sessions

n=66, received 
isovolumetric 
dose of saline 
with ECT

n=66 18–65 HDRS Ketamine 
administered 
before increased 
ECT effect, by 
reducing sessions 
needed for SI 
reduction. 
SI scores were 
reduced to 19 
from 21 patients 
in study group, 
but no statistically 
significant 
difference in rate 
of SI reduction 
between control 
group (P > 0.05). 
Significant 
difference (p =
0.044) in median 
number of ECT 
sessions required 
to achieve SI 
reduction (3.0 +/- 
0.75 in study 6.0 
+/-1.19 in 
control).

Chen et al., 2019 Randomized, 
placebo- 
controlled 
double-blind 
study

TRD - IV administered 
for 40 min 
- 0.5mg/kg 
ketamine 

Single infusion, 
with follow-up 
40, 80, 120, 240 
min post- 
infusion, and 

Saline n=71 21–64 HAMD 
MADRS

For HAMD scores, 
there was a 
significant group 
(p = 0.007) and 
time (p = 0.004) 

(continued on next page)
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Table 1 (continued )

Ketamine

- 0.2mg/kg 
ketamine

sequentially on 
days 2–7 and day 
14

effect on reducing 
suicidal 
symptoms. The 
group that was 
administered 
0.5mg/kg of 
ketamine reported 
a significantly 
lower score in 
item 3 (suicidal 
ideation and 
behavior) of 
HAMD than the 
group that 
received 0.2mg/ 
kg of ketamine or 
placebo.  
For the MADRS 
scores, there was a 
significant group 
effect (p = 0.002) 
on reducing 
suicidal 
symptoms. For t 
hose with baseline 
item 3 of HAMD ≥
2 or item 10 of 
MADRS ≥ 2, both 
infusions were 
effective in 
reducing suicidal 
symptoms. 
With baseline 
item 3 of HAMD ≥
2 or item 10 of 
MADRS ≥ 4, 
0.5mg/kg was 
more effective 
than 0.2mg/kg 
and placebo.

d’Andrea et al., 2024 Retrospective, 
post-hoc pooled 
analysis

Unipolar TRD -IV ketamine 
-First 2 infusions 
were administered 
at 0.5mg/kg and 
infused in 40 min 
-Patients with a 
suboptimal 
response were 
then offered a dose 
of 0.75mg/kg 
-Intranasal 
esketamine 
-Starting dose of 
56mg 
Modified dose of 
28 mg for patients 
65+
-Patients 
demonstrating a 
suboptimal 
response following 
the first dose were 
offered 84mg

-4 ketamine 
infusions over 2 
weeks 
-Esketamine was 
administered 
biweekly

N/A n=171 in 
ketamine group 
n=140 in 
esketamine 
group

≥18 QIDS-SR16 

item-12
Suicidal 
symptoms were 
significantly 
reduced 1 month 
following 
ketamine 
treatment (T0: 
M=1.29, T1: 
M=0.75, 
p<0.001). 
Suicidal 
symptoms were 
significantly 
reduced 1 month 
following 
esketamine 
treatment (T0: 
M=2.17, T1: 
M=1.07, 
p<0.001), similar 
to IV ketamine.

De la Salle et al., 
2022

Multi-phase 
clinical trial

MDD (TRD) -0.5mg/kg of IV 
ketamine 
hydrochloride 
diluted in 0.9 % 
saline 
-30μg/kg of 
midazolam diluted 
in saline

Medications were 
administered over 
40 min

Control: 30μg/kg 
of midazolam

n=24 18–65 MADRS Pre-infusion, the 
ketamine group’s 
mean SI score was 
2.75. Two hours 
post-infusion, 
their mean score 
was 1.2, at one 
day it was 1.2, and 
at one week it was 
1.8. 
Pre-infusion, the 
midazolam 
group’s mean SI 

(continued on next page)
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Table 1 (continued )

Ketamine

score was 2.6. 
Two hours post- 
infusion, their 
mean score was 
2.2, at one day it 
was 1.8, and at 
one week it was 
2.5 
Overall, the 
response rate to a 
single ketamine 
infusion at 2 h was 
16.7 % and 25 % 
at one day post- 
infusion. The 
response rate for 
the midazolam 
group was 0 % at 
all time points.

Domany & 
McCullumsmith, 
2022

Randomized 
controlled 
clinical trial

Suicidal 
ideation with 
psychiatric 
hospitalization

-intranasal 
mucosal 
application of 4 
administrations 
for 40 mg total 
(single fixed dose)

application in 
each nostril 
separated by 10 
min, once and 
monitored for 4 
hrs after

Placebo - normal 
saline (0.1 ml)

N=30 (15 
placebo 15 
ketamine)

18–65 BSI 
C-SSRS 
MADRS-SI

4 hrs after 
administration 
there was a 
reduction of 
suicidal 
symptoms 
measured by 
MADRS-SI (mean 
difference 
between groups is 
1.267, reduction 
in ketamine group 
is 4.89 +/- 0.4 
compared to 
placebo 3.35 +/- 
0.5). 
BSS - showed a 
reduction of 17.4 
+/- 9.4 points in 
the ketamine 
group compared 
to 10.5 +/- 8.21 
in the placebo 
(not statistically 
significant, p =
0.086). 
12/15 patients in 
the ketamine 
group went into 
remission four 
hours after 
administration 
compared to 5/15 
in the placebo 
group. 
Ketamine group 
had 5 days of 
hospitalization 
whereas it was 9 
days for the 
placebo.

Di Vincenzo et al., 
2021

Retrospective, 
observational 
analysis

MDD (TRD) -At each session, 
patients received 
IV ketamine 
hydrochloride 
diluted in a 0.9 % 
saline solution, 
administered over 
a 45 min infusion 
period 
-Dosage at first 2 
infusion was 0.5 
mg/kg, those who 
did not experience 
a benefit increased 
dose to 0.75 mg/ 
kg

-A total of 
infusions were 
administered over 
1 or 2 weeks, 
based on 
scheduling and 
availability

N/A n=181 received 
ketamine 
adjunctly to an 
oral 
antidepressant; 
n=39 received 
ketamine as a 
monotherapy

≥18 QIDS-SR item 
12

Bonferroni 
pairwise 
comparisons 
revealed a 
significant 
reduction in the SI 
subscore from 
baseline to all 
subsequent time 
points (p<0.001), 
from post-infusion 
1 to post-infusions 
3 and 4 (p<0.01), 
and from post- 
infusion 2 to post- 
infusion 3 
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Table 1 (continued )

Ketamine

(p<0.05). 
Those in the 
ketamine 
monotherapy 
group reported a 
mean subscore 
reduction of 0.91, 
while the 
ketamine adjunct 
group’s mean 
reduction was 
0.37. Overall, the 
ketamine 
monotherapy 
group exhibited 
greater reduction 
in SI.

Fava et al., 2020 Double-blind, 
placebo- 
controlled 
study

MDD (TRD), 
current MDE

single dose of IV 
ketamine 0.1mg/ 
kg, or 0.2mg/kg, 
or 0.5mg/kg, or 
1.0mg/kg

Study 
assessments 
performed at days 
0, 1, 3, 5, 7, 14, 
30

Placebo: single 
dose of 
midazolam 
0.045mg/kg

Ketamine: 
0.1mg/kg: n=18, 
0.2mg/kg: n=20, 
0.5mg/kg: n=22, 
1.0mg/kg: n=20 
Placebo: n=19

18–70 C-SSRS During treatment, 
32.1 % of 
participants in a 
ketamine group 
experienced 
suicidal ideation, 
while 44.4 % of 
participants in the 
midazolam group 
experienced 
suicidal ideation. 
Although less 
participants in the 
ketamine groups 
had suicidal 
ideation, this 
finding was non- 
significant, 
p=0.32.

Feeney, et al., 2021 Post-hoc 
analysis of a 
randomized 
double-blind, 
multi-site, 
placebo- 
controlled trial

TRD -single infusion of 
IV ketamine 
0.1mg/kg, or 
0.2mg/kg or 
0.5mg/kg or 
1.0mg/kg

-single dose then 
30 day follow-up, 
assessments done 
at 0,1,3,5,7,4 and 
30 days

-1 placebo arm of 
midazolam 
(0.045mg/kg)

n=56 
18–20 per 
treatment/ 
control group

18–70 MADRS - 
suicidal 
ideation

Of patients with ≥
2 at baseline, 31 
had a drop in 
MADRS suicide 
score at day 3 but 
at 30 days the 
suicide item score 
did not differ 
between the 
placebo and 
ketamine group (p 
> 0.10). 
Placebo or 
treatment did not 
differ significantly 
in survival 
probability after 
30 days. 
10 of the 22 
participants with 
baseline ≥ 2 
MADRS suicide 
scores had a 
recurrence of 
significant suicide 
ideation. 
Overall, a 
ketamine single 
dose may have a 
small benefit in 
reducing suicide 
ideation, but 
effects diminish 
rapidly.

Galuskzo-Wegielnik 
et al., 2021

Case Report TRD + somatic 
comorbidity

0.5 mg/kg of 
ketamine 
hydrochloride 
over 40 mins (as 
add-on care)

2 or 3 series, with 
8 infusions twice 
weekly

N/A n=5 51, 56, 43, 
63, 60

MADRS- 
Sigma, CSSRS

4/5 patients 
achieved 
remission after 
one series and 3/5 
had remission 
after the second 
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series of ketamine 
infusions. 
Percentage of 
change in the 
MADRS score was 
lower after the 
second series than 
the first. 
Patient 1 - 
achieved 
remission after 8 
ketamine 
infusions. 
Patient 2 - 
achieved 
remission of 7 
months after 8 
ketamine 
infusions but did 
not respond to 
second treatment. 
Patient 3 - 
achieved 9 
months of 
remission and 
then sustained 
remission for 12 
months after the 
second series. 
Patient 4 - 8 
ketamine 
infusions with no 
response but 40 % 
reduction of 
MADRS score, 
then 8 more 
infusions but no 
response. 
Patient 5 - short- 
term remission 
only lasting 3 
weeks, second 
series remission 
lasted 13 months.

Gilbert et al., 2020 Secondary 
analysis of a 
double-blind, 
placebo- 
controlled 
study

MDD (TRD) 0.5mg/kg of IV 
ketamine

Outcomes were 
assessed before 
infusion and 40, 
80, 120, and 230 
min, as well as on 
days 1, 2, 3, 10, 
and 11 after 
infusion

Placebo saline 
infusion

n=29 18–65 SI was assessed 
based on an 
exploratory 
factor analysis 
across multiple 
assessments of 
depression, 
including the 
MADRS, 
HDRS, Snaith- 
Hamilton 
Pleasure Scale, 
and BDI

There was a 
significant 
reduction in SI 
factor score 
following 
ketamine 
compared with 
baseline 
(p<0.05), but not 
for placebo.

Grunebaum et al., 
2018

Randomized 
controlled trial

MDD -0.5mg/kg of IV 
racemic ketamine 
hydrochloride

-Infused over 40 
min

0.02mg/kg of 
midazolam

n=40 in each 
group

18–65 SSI The average SSI 
score was 4.96 
points lower in 
the ketamine 
group than the 
midazolam group 
1 day after 
infusion 
(p<0.001). 
The decrease in 
suicidal ideation 
at 230 min was 
also greater in the 
ketamine group 
(p=0.001).

Grunebaum et al., 
2021

Assay 
sensitivity pilot 
study, parent 
RCT

MDD, in a 
current major 
depressive 
episode

-0.5mg/kg of IV 
racemic ketamine 
hydrochloride

-Infused over 40 
min 
-6-week study

0.02mg/kg of 
midazolam

Ketamine: n=9; 
midazolam: 
n=11

18–65 SSI, CAT-SS SSI score for 
ketamine patients 
decreased by an 
average of 5.67 

(continued on next page)

T. Menon et al.                                                                                                                                                                                                                                  Psychiatry Research 359 (2026) 117036 

20 



Table 1 (continued )

Ketamine

points from 
baseline to day 1 
post-infusion (to a 
score of 5.88). For 
midazolam 
patients, the score 
decreased by an 
average of 7.00 
points from 
baseline to day 1 
post-infusion (to a 
score of 10.44). 
The drug by day 
interaction was 
1.33, indicating 
slightly less 
change with 
ketamine 
(p=0.62). 
For the CAT-SS, 
the drug by day 
interaction was 
-5.98, indicating a 
54 % greater 
decrease in 
suicidal ideation 
for ketamine 
compared to 
midazolam 
(p=0.44). Scores 
of midazolam- 
treated patients 
decreased by 
10.98 points (to 
57.12), and the 
score of ketamine- 
treated patients 
decreased by 
16.96 points (to 
48.22).

Gutierrez et al., 
2024a

Retrospective 
cohort analysis

MDD-TRD -IV ketamine at a 
dose of 0.5mg/kg, 
administered over 
40 min

-Bi-weekly 
sessions for 4 
weeks

N/A n=71 18–75 BDI-II item 9, 
MADRS item 
10

Patients 
experienced a 
statistically 
significant 
reduction in 
suicidal ideation 
from baseline to 
endpoint. BDI-II 
(Q9): p=0.0014; 
MADRS (Q10): 
p=0.0019. 
Of the patients 
who were 
experiencing SI 
before starting 
treatment, 55.88 
% reported a 
reduction in SI 
and 44.12 % 
reported no SI at 
endpoint.

Hossein et al., 2025 Secondary 
analysis of a 
randomized, 
controlled trial

TRD Single dose of IV 
ketamine, 0.5mg/ 
kg over 40 min

Participants 
completed at a 
minimum 
baseline and 24h

IV saline placebo Ketamine: 
n=103; Placebo: 
n=49

M=34.3 MADRS 
C-SSRS

On day 1, there 
were no between- 
group differences 
regarding suicidal 
thoughts 
(p=0.38). 
A significant 
difference in 
suicidal thoughts 
was found on 
post-infusion day 
21 (p<0.05), such 
that the ketamine 
group 
experienced a 

(continued on next page)

T. Menon et al.                                                                                                                                                                                                                                  Psychiatry Research 359 (2026) 117036 

21 



Table 1 (continued )

Ketamine

greater 
improvement, but 
no significant 
differences were 
found at any other 
time point.

Ionescu et al., 2016 Secondary 
analysis of an 
open-label 
study

Treatment- 
resistant MDD

-IV ketamine 
-0.5mg/kg for the 
first 3 infusions 
-0.75mg/kg for 
the last 3 infusions

-2 infusions/week 
for 3 weeks 
-Patients assessed 
once every 2 
weeks for 3 weeks

N/A n=14 18–65 C-SSRS 
HDRS28-SI

There was a 
significant 
decrease in C- 
SSRS ideation 
scores over time 
(p<0.001), such 
that scores 
decreased by an 
average of 0.27 
per patient 
following each 
infusion. There 
was no significant 
effect of dose 
(p=0.58). 
There was also a 
significant 
decrease in the C- 
SSRS intensity 
scores over time 
(p<0.01). Again, 
there was no 
significant effect 
of dose on 
intensity scores 
(p=0.67). 
HDRS28-SI scores 
also significantly 
decreased over 
time (p<0.001), 
with no 
significant effect 
of dose (p=0.63). 
Of the 7 patients 
who achieved C- 
SSRS suicidal 
ideation remission 
at the end of the 
treatment phase, 
2 patients 
maintained 
remission at the 
end of follow-up.

Ionescu et al., 2019 Randomized, 
double-blind, 
placebo- 
controlled trial

Treatment- 
resistant MDD

-0.5mg/kg of IV 
ketamine

-Six 45 min IV 
infusions over 3 
weeks 
-Outcomes were 
assessed four 
hours post- 
infusion 
-Follow-ups 
occurred every 
other week for 3 
months after all 
the infusions

Placebo: saline Ketamine: n=13; 
placebo: n=13

18–65 C-SSRS After the final 
infusion, 42 % of 
patients in the 
ketamine group 
met the criteria 
for absence of SI, 
while 25 % met 
the criteria in the 
placebo group 
The difference 
was statistically 
insignificant 
(p>0.05).

Kaur et al., 2023 Open label 
uncontrolled 
study

MDD Oral ketamine 
administered in a 
fixed dose of 150 
mg in a volume of 
50 ml of water

Patients were 
instructed to sip 
the solution over 
10–15 min

N/A n=30 22–56 MSSI All patients had 
severe suicidal 
ideation at 
baseline 
(MSSI>20), but at 
day 6 two-thirds 
of the sample had 
scores in the mild 
to moderate range 
(9–20), 4 of which 
had scores <9. 
Overall, MSSI 
scores 
significantly 
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decreased from 
baseline to day 6 
(p<0.001).

Keilp et al., 2021 Randomized 
controlled trial

MDD and 
clinically 
significant 
suicidal 
ideation

-0.5mg/kg of IV 
racemic ketamine

-40 min infusion 
-Participants 
were reassessed 
approximately 24 
hours post- 
infusion

0.02mg/kg 
midazolam IV 
infusion

Ketamine: n=39; 
midazolam: 
n=39

Ketamine: 
M=37.2; 
midazolam: 
M=39.6

SSI SSI scores 
improved in both 
groups 
(p<0.001), but to 
a greater degree 
for the ketamine 
group compared 
to the midazolam 
group (p=0.008).

Li et al., 2023 Randomized, 
double-blind 
placebo- 
controlled trial

Unipolar TRD -single infusion of 
0.5 mg/kg of 
ketamine

Outcomes 
assessed at 240 
min post- 
infusion, and on 
days 2, 3, 5, 7, 
and 14

Control: 0.045 
mg/kg 
midazolam

n=24 in each 
group

20–64 Item 10 of 
MADRS, 
CSSRS-ISS

On day 3 
postinfusion, the 
ketamine group 
had significantly 
lower MADRS 
item 10 scores 
than the 
midazolam group 
(p=0.019), 
meaning that the 
ketamine group 
had lower 
suicidality scores.

Lin et al., 2023 Post-hoc 
analysis of two 
randomized, 
double-blind, 
placebo- 
controlled trials

Treatment- 
resistant MDD

-Single IV infusion 
of 0.5mg/kg of 
ketamine

Outcomes 
assessed 240 min 
post-infusion, and 
on days 2, 3, 5, 
and 7 post- 
infusion.

0.045mg/kg of 
midazolam or 
normal saline

Total: 
Ketamine group: 
n=33; Control 
group: n=32

Ketamine: 
M=37.03; 
Control: 
M=38.16

HDRS item 3, 
MADRS item 
10, CSSRS-ISS

The rate of full 
remission of 
suicidal 
symptoms 
significantly 
differed between 
groups from day 
1, 240 min post- 
infusion 
(p=0.001) to day 
5 (p=0.044), such 
that the ketamine 
group 
experienced a 
higher rate of 
remission. The 
remission rate did 
not differ between 
groups after day 
7.

Pan et al., 2024 Retrospective 
cohort study

MDD Prescription of 
ketamine

Study population 
followed between 
January 2019- 
January 2023; 
outcomes of 
interest analyzed 
up to 270 days 
after drug 
prescription

Patients 
prescribed 
common 
antidepressants 
such as 
fluoxetine and 
mirtazapine

N=21,372 in 
each cohort

Ketamine: 
M=50; 
Comparison: 
M=50.6

One or more 
encounter 
diagnoses of 
suicidal 
ideation

The prescription 
of ketamine was 
associated with 
significant 
decreases in SI at 
1 day - 7 days, 1 
day - 30 days, 1 
day - 90 days, 1 
day - 180 days, 
and 1 day - 270 
days (all 
ps<0.05).

Phillips et al., 2020 Secondary 
analysis

MDD (TRD) - IV infusion of 0.5 
mg/kg ketamine 
diluted in 0.9 % 
saline 
- IV infusion of 
midazolam 30 µg/ 
kg diluted in saline

Administration 
occurred over 40 
min 
-Phase 1: up to 2 
infusions of either 
ketamine or 
midazolam 
-Phase 2: 6 
infusions thrice 
weekly over a 2 
week period 
-Phase 3: once- 
weekly infusions 
for 4 weeks

Control: 
midazolam 
(30 µg/kg diluted 
in saline)

n=37 Mean age: 
39.5

MADRS-SI, 
QIDS-SR, 
QIDS-SI

Phase 1: 
Participants 
treated with 
ketamine had 
lower MADRS-SI 
scores than those 
treated with 
midazolam at 2 h 
(p=0.03) and 7 
days (p<0.001) 
post-infusion. 
There was no 
significant 
difference at 24 h 
(p=0.90). 
Phase 2: There 
were significant 
cumulative 
decreases in 
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MADRS-SI scores 
from the start of 
Phase 2 to 3 
successive 
infusions and each 
infusion after 
(p<0.001). 
Phase 3: During 
the maintenance 
phase, there was 
no change in 
MADRS-SI scores 
during 
maintenance 
infusions 
(p=0.94).

Price et al., 2009 Open-label 
study

MDD (TRD) -IV infusion of 
racemic ketamine 
hydrochloride at a 
dose of 0.5mg/kg, 
diluted in saline 
-A subset of 
ketamine 
responders 
received up to 5 
additional 
infusions

-Administered 
over 40 min and 
assessed over 24 
hours

N/A n=26 M=48.2 MADRS-SI A single infusion 
of ketamine 
significantly 
reduced MADRS- 
SI scores at 24 
hours post- 
infusion 
(p<0.001), with 
81 % of patients 
scoring 0 or 1. 
In patients 
receiving 
repeated doses of 
ketamine, the first 
infusion also 
significantly 
reduced MADRS- 
SI scores 
(p<0.001), with 
90 % of patients 
receiving a rating 
of 0. Reductions 
were maintained 
throughout the 
12-day treatment 
period (p=0.001).

Price et al., 2014 Double-blind 
randomized 
control trial

TRD -single IV infusion 
of ketamine 
hydrochloride 
(0.5mg/kg) or 
midazolam (2:1)

- 40 min and 
overnight stay

Control - 
midazolam 
(0.045mg/kg)

n= 54 Mean = 48.6 
(11.4)

MADRS 
QIDS-SR 
BSI 
Implicit 
Association 
Test

SI scores reduced 
24 hrs post- 
infusion 
compared to 
midazolam (53 % 
of the ketamine 
group scored 0 on 
all scales, 24 % in 
control). 
Ketamine reduced 
implicit suicide- 
related 
associations. 
86.1 % of the 
ketamine group 
had below 4 on 
the BSS score at 
24 hrs and 61.9 % 
in midazolam.

Rodrigues et al., 
2024

Naturalistic, 
retrospective 
study

Treatment- 
resistant MDD

-IV ketamine 
-First 2 infusions 
dosed at 0.5mg/kg 
and last two 
flexibly dosed 
between 0.5mg/kg 
and 0.75mg/kg 
based on clinical 
response and 
tolerability

4 infusions N/A n=84 18–65 QIDS-SR16 SI There was a main 
effect of treatment 
on suicidal 
ideation 
(p<0.001), such 
that participants 
reported a 
significant 
reduction in their 
symptoms from 
baseline to post- 
infusions 2, 3, 4 
and follow-up.
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Seraj et al., 2025 Randomized, 
double-blind, 
midazolam- 
controlled trial

MDD Single dose of oral 
ketamine (3mg/kg 
dissolved in 50 ml 
of water)

Assessments 
conducted at 
baseline, 4 h after 
administration, 
day 3, day 7

Oral midazolam 
(0.3mg/kg 
dissolved in 50 
ml of water)

Ketamine: n=40; 
midazolam: 
n=40

18–60 HAMD 
MSSI

MSSI scores were 
significantly 
lower in the 
ketamine group at 
all 3 assessment 
points (4 h, day 3, 
day 7; all 
ps<0.001).

Singh et al., 2016a Multicenter, 
double-blind 
RCT

Recurrent MDD 
(TRD)

-2 ketamine 
groups 
-0.5 mg/kg of IV 
ketamine, either 2 
or 3 times a week 
(based on group), 
administered over 
40 min

-Maximum study 
duration was 13 
weeks, with 4 
weeks allocated 
to the double- 
blind treatment 
phase

-2 placebo 
groups 
-0.9 % of IV 
sodium chloride 
2 or 3 times a 
week (based on 
group), 
administered 
over 40 min

-Placebo 2 times/ 
week: n=16 
-Placebo 3 times/ 
week: n=16 
-Ketamine 2 
times/week: 
n=18 
-Ketamine 3 
times/week: 
n=17

18–64; 
M=43.9

C-SSRS Placebo 2 times/ 
week: at baseline, 
12 participants 
were experiencing 
suicidal ideation 
or behavior. 
Following 
treatment, 8 
participants were, 
demonstrating an 
overall 
improvement. 
Placebo 3 times/ 
week: at baseline, 
13 participants 
were experiencing 
suicidal ideation 
or behavior. 
Following 
treatment, 8 
participants were, 
also 
demonstrating an 
overall 
improvement. 
Ketamine 2 times/ 
week: at baseline, 
10 participants 
were experiencing 
suicidal ideation 
or behavior. 
Following 
treatment, 4 
participants 
showed an 
improvement in 
suicidality. 
Ketamine 3 times/ 
week: at baseline, 
10 participants 
were experiencing 
suicidal ideation 
or behavior. 
Following 
treatment, 4 were, 
also showing an 
improvement in 
suicidality. 
Overall, an 
improvement in 
suicidality was 
observed in all 
treatment groups, 
but more so for 
the ketamine 
groups.

Sinyor et al., 2018 Single-site, 
double-blind, 
pilot RCT

MDD, current 
MDE

-0.5 mg/kg of 
ketamine, in 100 
ml normal saline 
infused over 
40–50 min 
-Treatment 
delivered on 6 
separate occasions

-Treatment 
delivered over 12 
days, 3 times 
weekly until 
participants 
received six 
infusions 
-Study visits at 
baseline, each 
infusion day, day 
14, day 42 after 
treatment

Control: 0.045 
mg/kg of 
midazolam, 
administered in 
the same manner 
as ketamine

Ketamine: n=5; 
Midazolam: n=4

18–65 SSI 
C-SSRS 
MADRS item 
10

In the ketamine 
group, SSI scores 
reduced by 84 % 
at baseline (14.0 
± 4.5) to endpoint 
(2.2 ± 2.5). 
MADRS item 10 
(suicidal ideation) 
scores also 
reduced by 68 % 
from baseline (3.8 
± 0.45) to 
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endpoint (1.2 ±
0.84). 
In the midazolam 
group, SSI scores 
reduced by 37 % 
from baseline 
(19.8 ± 9.5) to 
endpoint (12.5 ±
15.0). MADRS 
item 10 scores 
reduced by 29 % 
from baseline (3.5 
± 1.7) to endpoint 
(2.5 ± 3.0). 
Overall, SI 
reduction in the 
ketamine group 
was larger, more 
robust, and 
longer-lasting 
than reduction 
seen in the 
midazolam group.

Su et al., 2023 Randomized, 
double-blind, 
controlled trial

Treatment- 
resistant MDD

-Single IV infusion 
of 0.5mg/kg 
ketamine

Outcomes 
assessed at 40, 80, 
and 240 min post- 
infusion, and on 
days 2, 3, 5, 7, 
and 14 post- 
infusion

0.045mg/kg of 
midazolam

20–64 n=42 in each 
group (total: 
n=84)

MADRS item 
10 
CSSRS-ISS

More patients 
receiving 
ketamine 
achieved full 
remission of 
suicidal ideation 
from day 2 
(p=0.015) to day 
5 (p=0.038) 
compared to those 
receiving 
midazolam.

Thakurta et al., 2012 Single-center, 
prospective, 4- 
week, open- 
label, single- 
arm pilot study

TRD Single IV infusion 
of ketamine 
hydrochloride (0.5 
mg/kg diluted in 
0.9 % saline), 
administered over 
40 min

Assessed at 
baseline, 40, 80, 
120, and 230 min 
post-infusion, 1 
and 2 days post- 
infusion

N/A 18–5 n=27 HDRS 
SSI

(SSI): 
Significant 
reduction in SSI 
scores was 
observed. 
Baseline mean 
Score: 4.85 ±
5.37. 
40 Minutes Post- 
Infusion: 0.78 ±
1.48 (an 80 % 
reduction; P =
0.001). 
The change in 
scores remained 
statistically 
significant at all 
time points from 
40 to 230 min 
post-infusion. 
By Day 1, scores 
began to approach 
baseline, and by 
Day 2, the change 
was not 
significant 
compared to 
baseline (P =
0.534). 
(HDRS-SI): 
Baseline Mean 
Score: 1.37 ±
1.33. 
40 Minutes Post- 
Infusion: 0.41 ±
0.57 (a 70 % 
reduction; P =
0.001). 
The change in 
scores remained 
statistically 
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significant from 
40 to 230 min 
post-infusion. 
By Day 1, the 
reduction was no 
longer statistically 
significant.

Tu et al., 2025 Post-hoc 
analysis of two 
randomized, 
double-blind, 
placebo- 
controlled trials

MDD-TRD Single infusion of 
0.5mg/kg or 
0.2mg/kg of 
ketamine

Assessed prior to 
infusion, at 40, 
80, and 240 min 
postinfusion, and 
on days 2, 3, 5, 7, 
and 14 
postinfusion

Normal saline or 
0.045mg/kg 
midazolam

Trial 1: 0.5mg/ 
kg: n=16; 
0.2mg/kg: 16; 
saline: n=16 
Trial 2: 0.5mg/ 
kg: n=24; 
midazolam: 
n=24

Trial 1: 
M=46.15; 
Trial 2: 
M=32.35

MADRS 
HAMD 
PANSI

In trial 1, the 
normal saline 
group did not 
statistically differ 
from the ketamine 
infusion group on 
any of the clinical 
measure 
reductions 
(p>0.05). 
In trial 2, patients 
with 0.5mg/kg 
ketamine had 
greater reduction 
rates on MADRS, 
HAMD item 3, and 
MADRS item 10 
scores at day 3 
compared to the 
midazolam group 
(all ps<0.05), but 
total HAMD and 
PANSI scores did 
not differ 
(p>0.05).

Uyar & Gunes, 2024 Retrospective 
study

MDD Single IV infusion 
of 0.5mg/kg over 
40 min

Assessed before 
treatment and 4 h 
and 24 h after 
treatment

N/A N=120 M=35.35 CGI 
MADRS

There was a 
statistically 
significant 
difference 
between the 
MADRS suicide 
item scores of all 
participants 
before the 
ketamine infusion 
(3.88 ± 1.38) and 
at 4 h (2.52 ±
1.28) and 24 h 
(1.80 ± 1.08) 
following the 
infusion, 
p<0.001. 
Reductions were 
greater at 24 h 
than at 4 h. 
This study 
demonstrates the 
rapid and 
significant 
antidepressant 
and antisuicidal 
effects of a single 
ketamine 
infusion.

Vidal et al., 2018 Open-label 
longitudinal 
Study

MDD Single 0.5mg/kg 1 
min IV injection

4 week follow-up N/A N = 10 25–65 MADRS 
SSI 
HDRS 
BDI-II

Significantly 
reduced 
depression 
severity as early 
as 40 mins after 
injection (p <
0.001) and the 
HDRS decreased 
from baseline 
significantly 40 
mins past 
injection although 
BDI-II did not 
have statistical 
significance after 
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day 3. 
Statistically 
significant 
decrease from 
suicidality on 
days 1 (p = 0.002) 
and 7 (p = 0.003), 
suicidal thoughts 
decreased over 
time and change 
in suicidal 
ideation 
significantly 
correlated with 
the changes in 
severity of 
depression.

Wang et al., 2017 Case report Recurrent 
depressive 
disorder, 
current MDE

Ketamine IV 
injection, dose of 
70 mg (<1 mg/kg) 
(first dose), later 
given 40 mg (0.5 
mg/kg)

Injected every 
other day, 3 times 
total

N/A n=1 27 BSI-CV Prior to ketamine 
treatment, score 
was 11. At 40, 80, 
120, and 230 min 
after injection, BSI 
scores were 
consistently under 
5. At the follow- 
up 2 weeks after 
discharge, it 
seemed as though 
his symptoms had 
disappeared.

Zheng et al., 2019 Open-label 
study

MDD 0.5mg/kg of IV 
ketamine over 40 
min

6 infusions 
administered over 
the course of 12 
days

N/A n=77 18–65 SSI-part 1 After the first 
infusion, there 
were significant 
reductions in the 
mean SSI score, 
which decreased 
from 3.5 to 1.5, 
p<0.001.

Ziegler et al., 2021 Case report MDD Patient received 
intranasal 
ketamine at a dose 
of 50 mg/day (10 
mg/spray), with 5 
min between 
sprays

Ketamine was 
administered for 
3 days, over a 5 
day period, 
starting on day 9 
upon admission, 
with the last dose 
given on day 13.

N/A n=1 49 HAMD-6 
suicide item

Four hours after 
the first 
treatment, the 
suicide item 
showed a 
significant 
reduction (a score 
of 4 before 
beginning 
treatment, and 
0 after) 
improvement and 
the patient 
reported no 
suicidality. 
After the 3rd and 
last treatment 
(day 13), the 
patient was 
deemed to be in 
remission. 
On days 14–17 
following 
treatment, the 
patient continued 
to deny any 
feelings of 
suicidality.

Zolghadriha et al., 
2024

Randomized 
controlled 
clinical trial

Treatment- 
resistant MDD

Trial group: 
0.5mg/kg of IV 
ketamine

Outcomes were 
assessed up to 2 
months post- 
injection

Control group 
received normal 
saline

n=64; n=32 in 
each group

25–60 BSI Scale After the 
intervention, the 
ketamine group 
experienced a 
significantly 
greater decrease 
in suicidal 
ideation than the 
control group 
(p<0.001).
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Arrighi et al., 
2023

Case report Treatment- 
resistant 
MDD

Esketamine nasal 
spray introduced at 56 
mg, and increased to 
84 mg twice a week

20 weeks of twice- 
weekly 
administrations

N/A n=1 31 MADRS The first clinical signs 
of response to the 
treatment were seen 
at week 6, with a 
reduction in the 
intensity and 
frequency of the 
suicidal thoughts. 
After the 20 weeks of 
treatment, the patient 
described a complete 
remission of 
symptoms, including 
suicidal ideation. 
Patient continued 
esketamine upon 
discharge at a 
reduced frequency for 
6 months; after 
discontinuation there 
has been no relapse 
for 2 years.

Brendle et al., 
2022

Retrospective 
observational 
cohort study

MDD -Patients who received 
esketamine nasal 
spray 
-Patients received 
between 1 to 71 
treatments

Data from July 
2019 to June 2021 
was collected

N/A n=140 ≥18; M=36 PHQ-9 When comparing all 
patients, suicidal 
ideation scores 
significantly 
decreased from 
baseline to last 
available treatment, 
(p<0.001). 
Specifically, patients 
with 31–71 
treatments 
experienced the most 
significant decline 
(p=0.012) when 
compared to patients 
with 2–5 treatments 
(p=0.603), patients 
with 6–10 treatments 
(p=0.071), patients 
with 11–15 
treatments 
(p=0.043), and 
patients with 16–30 
treatments 
(p=0.227).

Canuso et al., 
2021

Post-hoc analyses 
of pooled data 
from double- 
blind, 
randomized, 
placebo- 
controlled 
multicenter trials

MDD -84 mg of esketamine 
nasal spray and 
standard of care 
-Dose could be 
adjusted during the 
first 2 weeks of 
treatment if needed

Twice weekly for 4 
weeks

Matching placebo 
nasal spray and 
standard of care

Esketamine: 
n=229; 
placebo: n=227

18–64 CGI-SS-r Patients in both 
groups experienced a 
significant reduction 
in the severity of their 
suicidality. However, 
the difference 
between groups was 
not statistically 
significant. 
From baseline to 24 
hours after the first 
dose, CGI-SS-r scores 
decreased by a mean 
of 1.5 points in the 
esketamine group and 
a mean of 1.3 points 
in the placebo group. 
Severity of suicidality 
also improved in both 
groups at the end of 
the treatment. 
Resolution of 
suicidality was 
achieved by 33.2 % of 
esketamine patients 
and 20.0 % of placebo 
patients at 4 hours 
after the first dose, 
34.5 % and 32.9 % 
respectively at 24 
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hours, and 61.9 % 
and 54.7 % at day 25..

Canuso et al., 
2018

Double-blind 
multi-center, 
proof of concept

MDD Nasal spray 
administered 14 mg 
per 100uL, self- 
administered but 
supervised to each 
nostril 5 mins apart. 
Days 
1,4,8,11,15,18,22 and 
25

24–48 hrs of 
screening then 4 
weeks of double- 
blind treatment 
and then 8 weeks of 
posttreatment 
follow-up

Matching placebo N=66 and 44 
completed +
followup

19–64 MADRS MADRS improved 
(decreased) from 
baseline to 4 hrs 
(mean = -13.4, SD =
9.03) after a dose 
greater than placebo 
(mean = -9.1, SD =
8.38), over 4 week 
phase. 
Significant 
improvement in 
depressive symptoms 
in esketamine 
between 24 hours 
after the dose (p =
0.002), day 3 and day 
11 but in the 
posttreatment follow- 
up, the improvement 
was not statistically 
greater than placebo.  
Esketamine had 
greater improvement 
in MADRS suicidal 
thoughts 4 hrs after 
treatment but not 24 
hrs after the first 
dose. 
Results support the 
idea that esketamine 
is a good treatment 
for the rapid 
reduction of 
symptoms of 
imminent risk of 
suicide.

Fu et al., 2020 Double-blind 
randomized, 
placebo- 
controlled, 
multicenter study

MDD, active 
suicidal 
ideation

-84 mg of intranasal 
esketamine (in 
addition to standard of 
care) 
-After day 1, a single 
dose reduction from 
84 mg to 56 mg was 
permitted

-4 weeks of 
treatment followed 
by 9 weeks of 
follow-up 
-Drug was 
administered twice 
weekly for the 4 
weeks

Placebo nasal 
spray (in addition 
to standard of 
care)

Esketamine: 
n=112; 
Placebo: n=112

18–64 CGI-SS-r At 24 hours post-first 
dose, patients in both 
groups demonstrated 
improvement in the 
severity of their 
suicidality, but there 
was no significant 
difference between 
groups (p=0.107).

Fu et al., 2023 Post-hoc analysis 
using data pooled 
from two double- 
blind, 
randomized, 
placebo- 
controlled, 
multicenter, phase 
3 studies

MDD, 
current 
suicidal 
ideation 
with intent

-Intranasal 
esketamine at a dose 
of 84 mg (in addition 
to standard of care) 
-After the first dose, a 
one-time dose 
reduction to 56 mg 
was allowed for 
tolerability issues

-4 weeks of the 
treatment phase, 
followed by a 9- 
week post- 
treatment follow- 
up phase

Placebo nasal 
spray (in addition 
to standard of 
care)

Esketamine: 
n=226; 
placebo: n=225

18–64 CGI-SS-r Time to achieving a 
suicidality score ≤ 1 
was significantly 
shorter in the 
esketamine group 
(median: 16 days) 
versus the placebo 
group (median: 25 
days, p=0.003). 
Time to achieving a 
suicidality score ≤ 1 
for two consecutive 
visits was 
significantly shorter 
in the esketamine 
group (median: 25 
days) than the 
placebo group 
(median: 52 days) as 
well (p=0.020).

Gutierrez et al., 
2024b

Multi-centre 
observational 
prospective 
cohort study

MDD-TRD IV ketamine (0.5mg/ 
kg over 40 min) or 
intranasal esketamine 
(56 mg for first 
treatment and 84 mg 
for the rest of the 
treatments)

Twice a week 
sessions for 4 weeks

N/A Ketamine: 
n=26; 
Esketamine: 
n=27

18–75 MADRS Patients receiving 
ketamine and 
esketamine both 
experienced a 
statistically 
significant reduction 
in SI severity from 
baseline to post- 
treatment. At 
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treatment endpoint, 
46.15 % responded to 
ketamine and 58.82 
% responded to 
esketamine. The SI 
remission rate was 
30.78 % for ketamine 
and 23.53 % for 
esketamine.

Hong et al., 2023 Post-hoc analysis 
of a randomized 
phase 3 study

MDD -Intranasal 
esketamine at a dose 
of 84 mg in addition to 
standard of care 
treatment

-Administered 
twice a week for 25 
days

A placebo group 
was included

Esketamine 
asian subgroup: 
n=26; 
esketamine 
total group: 
n=111; placebo 
asian subgroup: 
n=27; placebo 
total group: 
n=112

18–64 CGI-SS-r CGI-SS-r scores 
improved from 
baseline to 4 hours 
post-first dose, and 
continued to improve 
through day 25 in 
both groups. 
However, the 
treatment difference 
was greater for the 
esketamine group.

Ionescu et al., 
2021

Phase 3, double- 
blind, randomized 
study

MDD -84 mg esketamine 
nasal spray and 
standard of care 
-After the first dose, a 
one-time dose 
reduction from 84 mg 
to 56 mg was allowed

Self-administered 
twice weekly for 4 
weeks

Placebo nasal 
spray and standard 
of cate

Esketamine: 
n=114; 
placebo: n=113

18–64 CGI-SS-r, Patients in both 
groups experienced 
rapid reductions in 
the severity of their 
suicidality from 
baseline to 24 hours 
post-first dose, the 
between-group 
difference was not 
statistically 
significant 
(p=0.379). 
Among patients who 
completed the 
double-blind 
treatment phae and 
entered the follow-up 
phase, 86.3 % of 
patients in the 
esketamine group and 
76.6 % of patients in 
the placebo group 
had a score of 0 or 1 at 
day 90.

Lopes et al., 2024 Secondary 
analysis of an 
open-label study

Unipolar 
TRD

-0.5mg/kg of 
subcutaneous 
esketamine 
-Could be escalated to 
0.75mg/kg or 1mg/kg 
if needed

8 weekly 
administrations

N/A n=24 M=33.05 BSI 
MADRS- 
SI

A significant 
reduction in BSI 
scores was observed 
24 h after the first 
session and was 
maintained over the 
following sessions. 
There was no 
significant difference 
between the mean BSI 
observed at 24 h and 
7 days after each 
session, indicating 
that each dose had a 
sustained effect. The 
effect was maintained 
throughout the 6 
months of follow-up, 
such that BSI scores 
during follow-up 
were significantly 
lower than baseline 
scores (p<0.0001).

Martinotti et al., 
2022

Observational, 
retrospective and 
multicentric study

treatment- 
resistant 
depression 
(TRD)

-esketamine nasal 
spray, started on the 
56 mg dosage, with 
some switching to the 
84 mg dosage after the 
first month 
-done along with 
existing medications

Anamnestic data 
and psychometric 
assessments were 
collected at 
baseline (T0), 1 
month (T1), and 3 
months (T2) after 
treatment began

N/A n=116 M = 50 ± 12 
years; >18

MADRS, 
HAM-D- 
21

Significant reduction 
in depressive 
symptoms at 1 month 
(p<0.0001) and 3 
months (p<0.0001) 
compared to baseline. 
3-month response 
rate of 64.2 % and 
remission rate of 40.6 
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%. 
Most 3-month 
remitters were not 
responders at 1 
month, indicating a 
later response to 
esketamine.

McIntyre et al., 
2024b

Open-label, rater- 
blinded, RCT

MDD (TRD) -Esketamine nasal 
spray, flexibly dosed 
per label 
-Each participant 
received at least 1 
dose 
-In combination with 
an ongoing SSRI/SNRI

Week 8 was the 
primary endpoint, 
but the entire study 
lasted 32 weeks

-Quetiapine 
extended release, 
flexibly dosed per 
label 
-Each participant 
received at least 1 
dose 
-In combination 
with an ongoing 
SSRI/SNRI

Esketamine: 
n=336; 
quietiapine: 
334

18–74 N/A Treatment-emergent 
suicidal ideation was 
reported in 5 (1.5 %) 
of patients treated 
with esketamine, and 
in 7 (2.1 %) patients 
treated with 
quetiapine. 
Treatment-emergent 
suicide attempts were 
reported in 2 (0.6 %) 
of patients treated 
with esketamine, and 
in 1 (0.1 %) patient 
treated with 
quetiapine.

Nikayin et al., 
2022a

Comparative 
analysis

MDD 
(current 
episode)

Intranasal esketamine 
(56 or 84 mg)

Multiple 
treatments each ≤7 
days apart for up to 
8 total treatments

IV ketamine 
(0.5mg/kg) over 
40 min

Esketamine: 
n=81; 
ketamine: 
n=129

Esketamine: 
M=46.7; 
ketamine: 
M=49.9

MADRS, 
QIDS-SR

There were no group 
differences in MADRS 
or QIDS-SR suicidal 
ideation scores 
between the 
esketamine and 
ketamine groups.

Pepe et al., 2023 Open-label study MDD (TRD), 
current 
MDE

Esketamine oral spray 
administration, first 
administration was 28 
or 56 mg, then 
increased to 56 or 84 
mg based on clinical 
judgement and 
tolerability

Twice a week for 
the first month, 
then once a week 
for the following 8 
weeks (overall 
treatment of 3 
months)

N/A n=25 M=55.1 Sub-item 
10 of 
MADRS 
and 
subitem 9 
of BDI

Clinicians’ 
evaluations reported 
significant reductions 
in suicide starting in 
the first month of 
treatment, but 
reduction compared 
to baseline score was 
only statistically 
significant at month 1 
and 3: (1 month: 
p=0.007, 2 months: 
p=0.178, 3 months: 
p=0.01). 
Patients rated 
reductions in suicide 
starting at one month, 
which became 
statistically 
significant at 
endpoint (1 month: 
p=0.076, 2 months: 
p=0.48, 3 months: 
p=0.039).

Pompili et al., 
2023

Case reports MDD (TRD) -Intranasal 
esketamine 
-Induction (first 
month): 56 mg 
administered twice a 
week 
-Maintenance (second 
month): 56 mg 
administered once a 
week 
-Maintenance (third 
month): 56 mg 
administered once 
ever 2 weeks

3+ months N/A n=2 Case 2: 52; 
Case 3: 28

C-SSRS Case 2: The C-SSRS 
highlighted suicidal 
ideation with intent. 
After 23 esketamine 
administrations there 
was no more suicidal 
ideation (full 
recovery and 
symptom resolution). 
Subsequent follow- 
ups revealed the same 
results. 
Case 3: At intake 
suicide risk was high, 
suicidal ideation and 
intent for most of the 
day were reported. 
After 13 
administrations, a 
significant 
improvement, 
especially in reducing 
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suicide risk was 
observed (treatment 
ongoing).

Singh et al., 
2016b

Double-blind, 
double- 
randomized, 
placebo- 
controlled study

MDD (TRD) Esketamine was either 
administered 
intravenously, at a 
dose of 0.20mg/kg, or 
0.40 mg/kg 
depending on group 
membership 
-Received over 40 min

-Screening: up to 2 
weeks 
-Treatment: 7 days 
-Posttreatment: 4 
weeks

Control: placebo 
(0.9 % saline 
solution) 
-Received over 40 
min

Esketamine 
0.20mg/kg: 
n=9; 
esketamine 
0.40mg/kg: 
n=11; placebo: 
n=10

18–64 C-SSRS No patients had 
treatment-emergent 
suicidal ideation or 
suicidal behavior. 
Generally, suicidal 
ideation scores either 
improved or were 
maintained from 
screening to 
posttreatment.

Smith-Apeldoorn 
et al., 2024

Multicenter, 
double-blind, 
randomized, 
placebo- 
controlled, 
parallel-group 
trial

TRD 
(unipolar), 
current 
MDE

-Participants took 
capsules containing 
esketamine 3 times a 
day 
-During the first 3 
days, doses were 
gradually increased 
from 30 mg/day to 90 
mg/day 
-During the last 3 
days, dosages were 
decreased from 90 
mg/day to 30 mg/day

-42 consecutive 
days of treatment, 
followed by 4 
weeks of 
posttreatment 
wash-out

Control: placebo 
capsules 
containing 
microcrystalline 
cellulose and 
magnesium 
stearate

Treatment: 
n=57; placebo: 
n=56

18–80 HDRS 
item 3

In both groups, one 
participant 
committed suicide - 
in the first week of 
treatment for the 
placebo group, and in 
the fourth week of 
treatment for the 
esketamine group.

Surjan et al., 2022 Retrospective 
real-word study

Treatment- 
resistant 
MDD or BD

-Subcutaneous 
esketamine injections 
-Doses varied from 
0.5mg/kg to 1mg/kg

-Outcomes were 
assessed at 
baseline, 24 hours, 
and 7 days after 
each 
administration

N/A n=39 in the 
MDD group

16–70 MADRS 
item 10

Significant effects for 
time on item 10 
MADRS scores were 
found (p<0.0001), 
such that the score 
significantly 
decreased from 
baseline to the end of 
the study. Significant 
reductions in the 
suicidality score were 
observed from 24 
hours after the first 
administration 
(p<0.001), and there 
were further 
reductions with 
repeated 
administrations.

Tomy et al., 2025 Case series MDD 56 mg or 86 mg of 
intranasal esketamine

Weekly or twice 
weekly treatments 
for 4 weeks and 
then weekly or 
biweekly 
treatments 
Patient 1: 56 weeks 
Patient 2: 52 weeks 
Patient 3: 32 weeks

N/A n=3 Patient 1: 52; 
Patient 2: 56; 
Patient 3: 39

QIDS-SR- 
16

Patient 1: At 2 weeks 
following treatment 
initiation, he no 
longer reported SI 
and had a marked 
reduction in his score. 
At 7 weeks, he 
remained without SI, 
although he had 
worsening depressive 
symptoms. 
Patient 2: At 2 weeks 
following initiation, 
he no longer 
experienced SI. At 
week 24, he had 
worsening depressive 
symptoms but did not 
develop SI. Even over 
a year later, he had no 
SI. 
Patient 3: At 2 weeks, 
she no longer had SI 
and experienced an 
overall improvement 
in mood. She never 
experienced 
worsening symptoms 
throughout the 
course of treatment or 
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when esketamine was 
discontinued.

Turkoz et al., 
2022

Post hoc analysis 
of a pooled data 
set

MDD -Patients self- 
administered 
intranasal esketamine 
(84 mg) twice weekly

- 24 hour to 48 hour 
screening period 
-4 weeks double- 
blind treatment 
phase 
-9-week follow-up 
phase

Placebo nasal 
spray

Esketamine: 
n=182; 
placebo: n=180

18–64 CGI-SS-r Patients in both 
treatment groups 
experienced a rapid 
reduction in 
suicidality severity at 
24 hours after the first 
dose. 
There was no 
significant difference 
between groups

Vieira et al., 2021 Randomized, 
double-blind 
clinical trial

Treatment- 
resistant 
major 
depression

Single IV infusion of 
0.5mg/kg of ketamine 
over 40 min. 
Single IV infusion of 
0.25mg/kg of 
esketamine over 40 
min.

Assessed at 
baseline, 24 h, 72 
h, and 7 days post- 
infusion

N/A N=59 
Ketamine: N=9 
Esketamine: 
N=30

≥18 MADRS The effect of both 
ketamine and 
esketamine in 
reducing suicidal 
ideation from 
baseline to all time 
points was 
statistically 
significant 
(p<0.001). 
There was no 
significant difference 
between time points 
following infusion 
and between 
treatment groups at 
each point.

Zaki et al., 2023 Ongoing phase 3, 
open-label, 
multicenter, long- 
term extension 
study

MDD (TRD) -Starting dose of 
esketamine nasal 
spray was 28 mg for 
those 65+, and 56 mg 
or 84 mg for others, as 
a flexible dose

-Therapy twice a 
week for 4 weeks

N/A n=1148 ≥18 C-SSRS Overall, 5.6 % of 
participants 
experienced 1 or 
more events related 
to suicidality. One 
participant died by 
suicide, 4 days after 
the most recent dose. 
In the C-SSRS 
assessment, 49 
participants (4.3 %) 
without history of 
suicidal ideation 
reported occurrences 
of suicidal ideation 
during the study. 
10 participants (0.9 
%) reported new 
suicidal behavior, 9 of 
whom had a previous 
history. 
Improvement in 
suicidality severity 
from baseline to post- 
baseline occurred in 
160 participants (14 
%).

Zhang et al., 2022 Case report MDD (TRD) -IV esketamine 
infusions (0.4 mg/kg), 
over 40 min

12 infusions N/A n=1 26 HAMD Prior to treatment 
with esketamine, the 
patient had severe 
suicidal ideation. 
Following the 12 
infusions, he reported 
a complete remission 
of suicidality. There 
was no recurrence of 
symptoms at a 6- 
month follow-up.

rTMS: Repetitive transcranial magnetic stimulation; ECT: electroconvulsive therapy; MDD: Major depressive disorder; TRD: treatment-resistant depression; M: Mean; 
SD: Standard deviation; N/A: Not applicable; TBS: theta-burst stimulation; DLPFC: dorsolateral prefrontal cortex; BSI: Beck Scale for Suicidal Ideation; IDS-SR: In
ventory of Depressive Symptomatology Self-Report; PHQ-9: Patient Health Questionnaire 9; HDRS/HAMD: Hamilton Depression Rating Scale; MADRS: Montgomery- 
Åsberg Depression Rating Scale SSI: Scale for Suicidal Ideation; SIOSS: Self-Rating Idea of Suicide Scale; BDI: Beck Depression Inventory; C-SSRS: Columbia-Suicide 
Severity Rating Scale; SIS: Suicidal Ideation Scale; CHRT: Concise Health Risk Tracking Self-Report; QIDS: Quick Inventory of Depressive Symptomatology; BHS: Beck 
Hopelessness Scale; PANSI: Positive and Negative Suicide Ideation Inventory; CAT-SS: Computerized Adaptive-Suicide Scale; MSSI: Modified Scale for Suicidal 
Ideation; CGI-SS: Clinical Global Impressions scale for Severity of Suicidality.
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of SI; however, ketamine was associated with greater reductions in SI 
compared to ECT (p=0.045). Similarly, another study comparing rTMS 
to a single ketamine infusion (Chen et al., 2022a) also reported greater 
reductions following treatment with ketamine compared to a treatment 
course with rTMS (p=0.002).

The frequency of ketamine treatment may also affect the magnitude 
of reductions in suicidality. Although significant improvements are 
observed following a single ketamine infusion, multiple infusions seem 
to provide a greater benefit than a single infusion. For example, Phillips 
et al. (2020) and Ionescu et al. (2016) reported that successive infusions 
of ketamine resulted in additional decreases in SI scores. Similarly, Price 
et al. (2009) found that more participants who received multiple in
fusions experienced a greater reduction in scores of suicidality than 
those who only received a single infusion. However, there seems to be a 
limit to the cumulative improvements seen with additional ketamine 
treatments, with maintenance infusions following the main treatment 
phase not resulting in additional improvements (Ionescu et al., 2016). 
Also, Singh et al. (2016a) did not observe significant differences be
tween outcomes for ketamine administered twice weekly and ketamine 
administered thrice weekly, demonstrating that there are some con
flicting findings regarding the importance of frequency of 
administration.

Moreover, several studies reported rapid reductions in SI following 
ketamine administration, with improvements being observed as soon as 
40 minutes following an infusion (Thakurta et al., 2012; Vidal et al., 
2018). However, the rapid improvements seem to be transient, with 
suicide symptoms returning approximately one week after a single 
infusion (Lin et al., 2023), and in one study, patients returned to baseline 
scores of SI just one day after the infusion (Thakurta et al., 2012). Once 
again, there are some conflicting findings, with a controlled trial 
reporting that ketamine’s antisuicidal effect diminished 28 days 
following a single infusion (Chen et al, 2022a), and in a case report, 
suicidal thoughts had not returned even eleven months after a single 
infusion (Arango-Posada et al., 2024). Notwithstanding, studies exam
ining the effects of multiple ketamine infusions suggest that reductions 
in SI may persist for longer periods than with a single infusion, typically 
ranging from two weeks (Averill et al., 2022), to 1 month (Chaudhary 
et al., 2023; d’Andrea et al., 2024).

3.2.4. Esketamine
There were twenty-four studies included that assessed the efficacy of 

esketamine in reducing SI, and in some cases, suicidal behavior, in pa
tients with MDD (Arrighi et al., 2023; Brendle et al., 2022; Canuso et al., 
2018; Canuso et al., 2021; d’Andrea et al., 2024; Fu et al., 2020; Fu et al., 
2023; Gutierrez et al., 2024b; Hong et al., 2023; Ionescu et al., 2021; 
Lopes et al., 2024; Martinotti et al., 2022; McIntyre et al., 2024b; 
Nikayin et al., 2022a; Pepe et al., 2023; Pompili et al., 2023; Singh et al., 
2016b; Smith-Apeldoorn et al., 2024; Surjan et al., 2022; Tomy et al., 
2025; Turkoz et al., 2022; Vieira et al., 2021; Zaki et al., 2023; Zhang 
et al., 2022; Table 1). The scales most commonly used to assess suici
dality included the HAMD, MADRS, CCSSRS, and the Clinical Global 
Impression of Severity of Suicidality (CGI-SS) scale. Most of the studies 
used a nasal spray to administer esketamine, most commonly at a dose of 
56 mg to 84 mg, with seven studies administering the esketamine either 
subcutaneously, orally, or intravenously (Lopes et al., 2024; Pepe et al., 
2023; Singh et al., 2016b; Smith-Apeldoorn et al., 2024; Surjan et al., 
2022; Vieira et al., 2021; Zhang et al., 2022).

Eighteen studies found esketamine to be effective in reducing SI 
severity (Arrighi et al., 2023; Brendle et al., 2022; Canuso et al., 2018; 
d’Andrea et al., 2024; Fu et al., 2023; Gutierrez et al., 2024b; Hong et al., 
2023; Lopes et al., 2024; Martinotti et al., 2022; Nikayin et al., 2022a; 
Pepe et al., 2023; Pompili et al., 2023; Singh et al., 2016b; Surjan et al., 
2022; Tomy et al., 2025; Vieira et al., 2021; Zaki et al., 2023; Zhang 
et al., 2022), with six studies reporting that treatment with esketamine 
did not result in improvements that were significantly different from 
control treatments (Canuso et al., 2021; Fu et al., 2020; Ionescu et al., 
2021; McIntyre et al., 2024b; Smith-Apeldoorn et al., 2024; Turkoz 
et al., 2022). Studies comparing the efficacy of ketamine and esketamine 
(Gutierrez et al., 2024b; Nikayin et al., 2022a; Vieira et al., 2021) found 
them to have comparable antisuicide effects (p>0.05), such that they 
both significantly reduced suicidal symptoms (d’Andrea et al., 2024; 
p<0.001).

Improvements in SI and suicidal behavior were found to occur 
rapidly in a number of studies, as soon as 4 hours following adminis
tration (Canuso et al., 2018; Hong et al., 2023; Surjan et al., 2022; Vieira 
et al., 2021), though some studies report it taking upwards of 1 month to 
observe clinical improvements when multiple treatments were given 

Fig. 2. Summary of Reported Onset and Duration of Antisuicidal Effects Across Interventions.
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(Arrighi et al., 2023; Martinotti et al., 2022; Pepe et al., 2023). Most 
studies that administered multiple doses noted that further improve
ments were observed over time throughout the treatment period (Hong 
et al., 2023; Surjan et al., 2022). In support of this, an observational 
study (Brendle et al., 2022) found that patients receiving the highest 
number of treatments (31–71) experienced the most significant decline 
in SI scores when compared to those receiving less treatments. Addi
tionally, some studies with follow-up periods—predominantly case 
series— noted that this reduction lasted for a significant period of time, 
up to 6 months and even longer in some cases (d’Andrea et al., 2024; 
Hong et al., 2023; Lopes et al., 2024; Martinotti et al., 2022; Pepe et al., 
2023; Pompili et al., 2023; Tomy et al., 2025; Zhang et al., 2022). One 
case report with a longer follow-up period reported that effects were 
sustained for years, even after discontinuation of treatment (Arrighi 
et al., 2023). Notwithstanding, there are some conflicting findings 
regarding the maintenance of improvements, with some controlled 
studies indicating that antisuicidal effects may be short-term, such that 
improvements are lost within a week (Canuso et al., 2018).

4. Discussion

4.1. Implications

The findings of this comprehensive narrative review indicate that 
rTMS, ECT, ketamine, and esketamine are all associated with reductions 
in certain dimensions of suicidality, primarily SI, in individuals with 
MDD. The majority of studies evaluated the effect of the aforementioned 
interventions on SI, and select studies assessed additional dimensions of 
suicidal behavior and completed suicide. As a result, the available evi
dence predominantly supports the efficacy of these interventions in 
reducing SI, with more limited and lower-certainty evidence regarding 
the effects on suicidal behavior in persons with MDD/TRD. Although 
ketamine and esketamine seem to demonstrate similar levels of efficacy 
according to the studies that compared the two drugs (d’Andrea et al., 
2024; Gutierrez et al., 2024b; Nikayin et al., 2022a; Vieira et al., 2021), 
there is stronger overall evidence in support of ketamine, given the 
greater consistency of findings across studies. Additionally, studies 
evaluating the comparative efficacy of ketamine with ECT and rTMS 
suggest that the antisuicidal effect of ketamine is superior in terms of the 
onset of the effect and the magnitude of reductions. However, it is 
important to note that only few studies compared interventions, and as 
such, the conclusions that can be drawn are limited. Ongoing studies are 
evaluating the efficacy of interventions such as ECT and ketamine on 
suicidality in depression to provide deeper insight into their compara
tive effectiveness (Anand & Hu, 2022).

Most included studies investigating rTMS utilized conventional 
protocols, including high-frequency and low-frequency stimulation, 
iTBS, and cTBS, which vary in stimulation parameters, dosing schedules, 
and targeting approaches. More recently, accelerated protocols such as 
Stanford Accelerated Intelligent Neuromodulation Therapy (SAINT) 
have been proposed as iTBS protocols designed to enhance the rapidity 
and magnitude of antidepressant, and potentially, antisuicidal effects. 
SAINT employs functional connectivity magnetic resonance imaging 
(fcMRI) to target a region of the left DLPFC that is most anticorrelated 
with the subgenual anterior cingulate cortex (sgACC; Cole et al., 2020). 
Early findings regarding the antidepressant effects of this protocol have 
been promising, suggesting that it is an innovative and emerging 
approach to rTMS (Cole et al., 2020; Li et al., 2024). However, the 
current literature examining the antisuicidal effects of SAINT remains 
limited and was not a focus of the current review. As such, the anti
suicidal effects of accelerated rTMS protocols require more detailed 
evaluation in future studies.

There are key differences that may inform which intervention is 
chosen for a patient at risk for suicide. For individuals who require a 
rapid improvement in SI, ketamine and esketamine may be preferred, as 
studies suggest that they provide rapid reductions in SI, with some 

antidepressant and antisuicidal effects being observed within 24 to 48 
hours following a single dose. However, the duration of these effects 
vary depending on the treatment protocol, with the highest-certainty 
evidence from controlled trials suggesting that single infusions provide 
short-term improvements, while multiple or maintenance infusions may 
result in more sustained improvements. In contrast, rTMS and ECT 
protocols typically involved multiple sessions over days or weeks, with 
improvements in SI and suicidal behavior continuing during treatment, 
and in some observational follow-ups, for several weeks to months after 
the completion of treatment. As such, rTMS and ECT may be considered 
for patients who are looking for more sustained effects rather than rapid 
results. Based on these timelines, ketamine and esketamine appear to 
provide the fastest reductions in SI following a single treatment, while 
rTMS and ECT most often require multiple treatment sessions before 
improvements are observed (Fig. 2). However, these findings reflect the 
specific treatment protocols and follow-up durations in the included 
studies, limiting our ability to make comparisons across interventions.

In addition to treatment efficacy, considerations such as safety and 
the possibility of adverse events may also inform treatment decisions. 
When administered properly, rTMS is a safe and well-tolerated treat
ment, with severe adverse effects (e.g., seizures, hearing impairment) 
being very rare (Mehta et al., 2022b; Taylor et al., 2018). More common 
side effects are mild, including neck pain and headaches.

ECT is associated with more frequent adverse effects, such as 
cognitive impairments like disorientation and amnesia after the 
completion of a treatment course. Other adverse events that are 
commonly reported with ECT treatment include headaches, muscle 
aches, and nausea, which are considered mild and transient. More severe 
events such as cardiovascular complications, prolonged seizures, pro
longed apnea, and treatment-induced mania are also possible (Trevino 
et al., 2010).

Psychiatric, psychomimetic, cardiovascular, neurological, and uri
nary side effects can all occur with ketamine treatment (Nikayin et al., 
2022b; Short et al., 2018). Acute side effects such as headaches, disso
ciation, elevated blood pressure, and blurred vision seem to occur in 
many participants following treatment, however, most side effects are 
resolved shortly after dose administration. Notably, these side effects are 
most common when ketamine is administered intravenously. Most 
studies only assess the acute side effects, inviting the need to further 
evaluate the long-term safety of maintenance ketamine treatment. 
Similar side effects are observed for treatment with esketamine, with 
effects on cognition being less common (Nikayin et al., 2022b).

4.2. Strengths and limitations

A notable strength of this study is the inclusion of a wide range of 
research, allowing for a comprehensive synthesis of findings. However, 
our results need to be interpreted with several limitations. Although NIH 
quality assessment tools rated most included studies as “good” or “fair,” 
it is important to note that the certainty of evidence varied by study 
design. Randomized controlled designs provided the strongest evidence 
for reductions in aspects of suicidality, while open-label, observational, 
and post-hoc analyses offered lower-certainty evidence that weighted 
less heavily in the interpretation of findings. This distinction is partic
ularly relevant, as changes in suicidality were a secondary outcome in 
most studies, with changes in general depressive symptoms being the 
primary outcome of interest. Moreover, the data regarding how mea
sures of suicidality change during and post-treatment with the in
terventions of interest are limited, with most studies only assessing 
changes during the treatment course or including a short follow-up 
period. Studies that did include a post-treatment follow-up period 
were predominantly observational or case reports, and therefore, pro
vided low-certainty evidence regarding the durability of effects. This 
highlights the need for future research to examine suicidality as a pri
mary outcome, in order to comprehensively evaluate the sustained ef
fects of these interventions over time, including after treatment 
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discontinuation.
Additionally, many of the studies used different measures to assess 

levels of suicidality. Therefore, there could be inconsistencies regarding 
changes in suicidality between studies as well as the observed domains. 
Furthermore, due to the inclusion of only patients with MDD, the effi
cacy of the interventions for other psychiatric disorders could not be 
determined. Lastly, some studies investigated the use of the in
terventions of interest on individuals with MDD, while others focused on 
TRD. Considering that MDD and TRD differ with respect to components 
such as chronicity, complexity, and treatment response (McIntyre et al., 
2023), it is possible that the interpretation of findings may vary due to 
the heterogeneity of the disorders. As such, this heterogeneity across 
study populations, designs, treatment protocols, outcome measures, and 
follow-up durations limited our ability to precisely quantify or draw 
comparative conclusions regarding the relative onset or durability of 
antisuicidal effects between interventions. Accordingly, data related to 
the timing and persistence of effects should be interpreted as descriptive 
observations of the available literature rather than as conclusive evi
dence of comparative or sustained efficacy between interventions.

5. Conclusion

Our results indicate that rTMS, ECT, ketamine, and esketamine are 
associated with reductions in SI, and in some cases suicidal behavior, in 
individuals with MDD, with some variance with respect to the onset of 
reductions and duration of observed effects. We did not observe 
reporting of new onset or the worsening of any aspect of suicidality with 
any of the interventions (Kwan et al., 2025; McIntyre et al., 2024a). 
Although each of these interventions are commonly associated with side 
effects, they are usually mild and resolve quickly (Ceban et al., 2021). 
The foregoing collection of evidence suggests that these interventions 
may represent potential options for individuals who fail to respond to 
first-line treatments, such as antidepressants and psychotherapy. 
Further research prioritizing suicidality as a primary outcome to assess 
the long-term effects of these interventions on measures of suicidality 
and the durability of the effect is required.
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