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Abstract

Objective This study aimed to evaluate the efficacy of a single infusion of ketamine in inducing rapid remission of
severe suicidal ideation, compared to Midazolam, in a population with acute suicidal thoughts. In a double-blind
randomized controlled trial conducted in Tehran, Iran, from January to July 2022 (IRCT20220118053756N1), 36
inpatients with acute severe suicidal ideation were enrolled. Participants were randomly assigned to receive either
a single dose of ketamine (0.5 mg/kg) or Midazolam (0.02 mg/kg). Suicidality was assessed using the Beck Scale

for Suicide Ideation (BSSI) and the Suicide-Visual Analog Scale (S-VAS) before the intervention and at 12 and 24 h
post-administration.

Results At baseline, the Midazolam group exhibited significantly higher BSSI scores and a higher rate of borderline
personality disorder than the Ketamine group. Mean BSSI and S-VAS scores at 12 and 24 h after the treatment
decreased significantly compared to baseline in both groups. Despite these observations, no statistically significant
differences were found between the groups in terms of BSSI and S-VAS scores.

Trial registration The protocol for this RCT was registered at the Iranian Registry of Clinical Trials (IRCT). The trial
registration details are as follows: IRCT registration number IRCT20220118053756N1, with the registration date being
June 12,2022 (1401/03/22). It is important to note that this trial was retrospectively registered.
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Introduction

Background

Suicide causes a total of about 700,000 annual deaths
globally [1]. The World Health Organization (WHO) has
identified suicide as a priority condition in the Mental
Health Gap Action Programme (mhGAP) launched in
2008 [2]. The mhGAP aims to scale up services for men-
tal, neurological, and substance use disorders in low- and
middle-income countries [2]. The WHO Mental Health
Action Plan 2013-2030 has set a global target of reducing
the suicide rate in countries by one-third by 2030 [2].

Suicidal ideation, especially when severe, is consid-
ered a medical emergency [3]. Although antidepressants
reduce suicidal ideation by controlling other symptoms
of depression, their optimal clinical effects usually take
weeks to months [4]. Ketamine at subanesthetic doses
is the only FDA-approved antidepressant with its onset
of action within a few hours [5]. Ketamine has also been
investigated for its rapid effects on reducing suicidal
thoughts independent of its antidepressant effect [6-9].

A systematic review of studies demonstrated that the
rapid antidepressant effect of ketamine can significantly
reduce suicidal thoughts in patients with major depres-
sive disorder who experience suicidal ideation. However,
most of the research has focused primarily on this spe-
cific patient population, and the efficacy of ketamine may
vary among individuals with different psychiatric diagno-
ses. Therefore, further trials are necessary to evaluate its
safety and effectiveness across a broader range of psychi-
atric conditions and treatment settings [10].

Midazolam is a well-established benzodiazepine with
anxiolytic, sedative, and amnesic properties, making it a
suitable control for assessing the distinct effects of ket-
amine, particularly its rapid antidepressant and poten-
tial anti-suicidal effects. Unlike ketamine, which acts as
a noncompetitive antagonist of the N-methyl-D-aspar-
tate (NMDA) receptor and has unique mechanisms of
action, midazolam primarily operates through GABAer-
gic pathways. This contrasting pharmacological profile
aids in isolating the specific effects of ketamine on mood
and suicidality [11, 12]. Moreover, midazolam’s sedative
properties allow researchers to control for any sedation-
related effects that may arise from ketamine adminis-
tration, ensuring that any observed benefits in reducing
suicidal ideation can be attributed to ketamine’s anti-
depressant properties rather than sedation alone [11].
While midazolam does have pharmacological effects,
its impact on mood and suicidal ideation is generally
less pronounced than that of ketamine, establishing it
as a suitable active comparator. This allows for a clearer
measurement of ketamine’s more potent effects on rapid
changes in suicidal thoughts and depressive symptoms.
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Objectives

We aimed to compare the anti-suicidal effects of Ket-
amine infusion to Midazolam for rapid remediation of
acute suicidal thoughts in patients admitted to the hos-
pital with severe suicidal ideation regardless of their pri-
mary diagnoses.

Methods

Setting, participants, and design

This double-blind randomized controlled trial was
registered in the Iranian Registry of Clinical Trials
(IRCT20220118053756N1). It was conducted from Jan-
uary to July 2022 at two university hospitals in Tehran,
Iran.

Patients aged 18—65 with acute suicidal ideation asso-
ciated with major depression were recruited. Acute sui-
cidal thoughts were defined as thoughts starting within
72 h before admission, associated with serious risk, and
requiring psychiatric hospitalization. Thirty-six patients
meeting the inclusion criteria were enrolled via conve-
nience sampling and randomized to receive either a sin-
gle-dose ketamine or midazolam infusion.

Exclusion criteria included physical disorders (thyroid
disorder, diabetes, hypertension, stroke, brain surgery,
neurological disorders, seizures), allergy to ketamine or
midazolam, pregnancy, and lactation. Patients taking
antidepressants regularly in the previous month were
also excluded.

The effect was evaluated using the suicide visual analog
scale (S-VAS) and Beck Suicide Severity Inventory (BSSI)
at baseline, 12 h (10-14 h), and 24 h after administering
the medication (22-26 h).

Randomization, allocation concealment, and blinding

One researcher coded Ketamine and Midazolam as A
and B. The second researcher who was unaware of the
coding created a blocked random sequence of A and B
using a computer-generated list of random numbers.
The same researcher maintained the list. The recruiting
researcher was unaware of the patient group at the time
of assignment and would contact the second researcher
to inquire the patient assignment.

Midazolam and Ketamine were prepared in packages
with the same appearance and labeled as A and B. To pre-
vent the sedative effects of Midazolam altering the mask-
ing, Midazolam was administered at a low non-sedative
dose.

Interventions

The patients received either a single dose of Ketamine
hydrochloride (Exir Pharmaceutical Company, Iran)
infusion 0.5 mg/kg or Midazolam(Daroo Pakhsh Co.
Iran) 0.02 mg/kg infusion in 100 cc sodium chloride
0.9% over 40 min. The patient’s blood pressure, level
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of consciousness, and blood oxygen saturation, heart
and breathing rate during the injection were monitored
throughout the infusion. Either a physician or a highly
skilled anesthetist was on standby at the participant’s
bedside throughout the infusion to handle emergency
tracheal intubation or cardiopulmonary resuscitation if
required.

Outcome measurement

A psychiatrist, who was blinded to the intervention,
interviewed all participants before, 12 h after, and 24 h
after administration of the medication, and filled Ham-
ilton’s scale and BSSI. The same outcome assessor
explained the protocol and administered the S-VAS to
the participants. The main outcomes were suicidal ide-
ation and the secondary outcome was the severity of
depression.

Choosing the Beck Scale for Suicide Ideation (BSSI)
and the Suicide-Visual Analog Scale (S-VAS) for assess-
ing suicidal ideation is advantageous due to their com-
plementary strengths. The BSSI is a well-established
instrument with strong psychometric properties, pro-
viding a comprehensive evaluation of suicidal thoughts,
including their presence, intensity, and associated risk
factors [13]. This structured approach allows clinicians to
gain nuanced insights into an individual’s mental state. In
contrast, the S-VAS offers a straightforward and imme-
diate way for individuals to express their level of suicidal
thoughts on a continuous scale, enhancing sensitivity in
detecting changes over time. Together, these scales facili-
tate effective monitoring of suicidal ideation in response
to interventions, such as ketamine treatment [5, 11, 14].

Hamilton’s depression scale

Hamilton’s scale measures the severity of depression
through 17 questions encompassing symptoms of depres-
sion including mood, guilt, sleep pattern, and suicidal
thoughts. Scores above 22 point to very severe depres-
sion [15, 16].

Beck scale for suicidal ideation

The Beck scale for suicidal ideation (BSSI) consists of 19
items that assess suicidality in detail. The score obtained
from BSSI ranges from 0 to 38; the higher the score, the
more severe the suicidal thoughts [15-17]. The Persian
version of this instrument has also been deemed valid
and reliable [17].

S-VAS (suicide visual analog scale)

The Visual Analogue Scale, a method for measuring the
severity of an experience subjectively, has been standard-
ized and widely used for assessing suicidal ideation [18].
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Statistical methods

The obtained data were analyzed by SPSS-26 software. To
describe qualitative variables, we used simple and rela-
tive frequencies, while quantitative data were summa-
rized using mean, standard deviation, median, and range
of variation. The comparison of baseline and clinical data
between the two groups was conducted using chi-square
tests and independent samples t-tests. Given that the data
followed a normal distribution, as confirmed by the one-
sample Kolmogorov-Smirnov test, we employed repeated
measures ANOVA for data comparison. To compare the
changes in VAS scores between the two groups, we cal-
culated the differences from baseline at the 12-hour and
24-hour time points. After assessing the normality of the
data using histograms, we compared the mean changes
in VAS scores from baseline between groups using inde-
pendent samples t-tests. Given that Levene’s Test indi-
cated unequal variances, we employed Welch’s t-test to
compare the mean changes in VAS scores between the
two groups. This approach is appropriate for analyz-
ing independent samples when the assumption of equal
variances is violated. In all cases, p <0.05 was considered
significant.

We used a p-value threshold of 0.05 to determine sta-
tistical significance, as this is a widely accepted standard
in the scientific community. This threshold effectively
balances the risk of Type I errors—incorrectly rejecting
the null hypothesis—while maintaining sufficient sen-
sitivity to detect meaningful differences. By adhering to
this conventional standard, we aimed to ensure consis-
tency with previous research, facilitating comparisons of
our findings with those in the field of acute suicidal ide-
ation treatment.

Results

Baseline characteristics

A total of 36 patients were randomized 1:1 to the study
groups (Fig. 1). Other baseline characteristics are
shown in Table 1. Except for borderline personality
disorder(BPD), there was no difference between the two
groups. The severity of suicidal thoughts based on BSSI
scores was higher in the midazolam group than in the
ketamine group at the beginning of the study (Table 1).

Treatment effects

Repeated measure analysis of variance showed that the
intensity of suicidal thoughts based on the Beck Scale
for Suicidal Ideation(BSSI) decreased moderately in
both of the intervention groups over time with a moder-
ate to large effect size (Cohen’s f was 0.61 for the BSSI).
However, the change in the severity of suicidal thoughts
according to the BSSI did not significantly differ between
the ketamine and midazolam groups (Table 2). The inde-
pendent samples t-test revealed that, after 12 h, the mean
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[ Enrollment ]

Assessed for eligibility (n=49)

Excluded (n=13)

+ Not meeting inclusion criteria (n=11)
+ Declined to participate (n=2)

+ Other reasons (n=0)

A4

Randomized (n=36)

l

v [ Allocation } A4
Allocated to Ketamine (n=18) Allocated to Midazolam (n=18)
+ Received allocated intervention (n=18) + Received allocated intervention (n=18)
+ Did not receive allocated intervention (give + Did not receive allocated intervention (give
reasons) (n=0 ) reasons) (n=0)
. [ Follow-Up J v
Lost to follow-up (give reasons) (n= 0) Lost to follow-up (give reasons) (n=0)
Discontinued intervention (give reasons) (n=0) Discontinued intervention (give reasons) (n= 0)
v [ Analysis J !
Analysed (n=18) Analysed (n=18 )
+ Excluded from analysis (give reasons) (n=0) + Excluded from analysis (give reasons) (n= 0)

Fig. 1 The CONSORT diagram demonstartes the participants' flow during the trial. Al patients received the intended treatment and none of them left

the study

difference in VAS score changes from baseline between
the ketamine and midazolam groups was 0.66 (95% CI:
-0.33 to 1.66), with a p-value of 0.181. After 24 h, the
mean difference was 1.16 (95% CI: -0.10 to 2.43), with a
p-value of 0.069.

Adverse events were sought and recorded in uniform
notes at the outcome measurement time points. The
most commonly reported side effect was mild nausea
in the ketamine group. There were no events of serious
adverse reactions to the study medications.

Discussion

In this double-blind randomized controlled trial, we
compared the efficacy of ketamine compared to the
active comparison of midazolam in the instant amelio-
ration of suicidal thoughts in patients with severe sui-
cidal ideation. Although the severity of suicidal thoughts
decreased in both study arms, we did not find a signifi-
cant difference between groups.

This outcome can be correlated with the pharmaco-
logical effects of both agents. Ketamine is known for its
rapid antidepressant properties, primarily acting as an
NMDA receptor antagonist, which leads to an increase
in synaptic plasticity and a quick reduction in suicidal
ideation [18]. Previous studies have shown that ketamine

can significantly lower suicidal thoughts within hours of
administration, often outperforming other treatments,
including midazolam, in terms of efficacy and duration of
effect [6, 7, 9].

Conversely, midazolam functions primarily as a GAB-
Aergic sedative, providing anxiolytic and calming effects
without the same robust antidepressant action. While
midazolam can effectively alleviate acute anxiety and
distress, its impact on suicidal ideation is generally less
pronounced compared to ketamine [19]. The finding
that both groups experienced a reduction in suicidal
thoughts suggests that midazolam’s sedative and anx-
iolytic properties may have contributed to immediate
relief from distress, which could explain the decrease
in suicidal ideation observed in both arms of the study.
However, the lack of significant difference indicates that
while ketamine may offer superior long-term benefits for
mood improvement and sustained reduction in suicidal-
ity, midazolam’s immediate effects can also play a role in
the short-term alleviation of suicidal thoughts. This high-
lights the complexity of treating severe suicidal ideation
and suggests that further research is necessary to explore
how different pharmacological profiles influence out-
comes across various patient populations.
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Table 1 Table of baseline characteristics of trial participants
Participant characteristics Categories Midazolam number(percent) Ketamine
number(percent)
Gender Man 10(55.5) 13(72.2)
Marital Status Single 1161.1) 10(55.6)
Married 5(27.8) 7(38.9)
Divorced 2(11) 1(5.6)
Occupational Status Employed 1161) 9(50)
Education Below high school diploma 4(23.2) 1(5.6)
High school diploma 8(44.4) 8(44.4)
University education 6(33.3) 9(50)
Personal History Admission in psychiatric hospitals 14(77.8) 14(77.8)
Suicidal attempt 13(72.2) 8(44.4)
Borderline personality disorder 13(72.2) 6(33.3)
Substance use disorder 10(55.6) 6(33.3)
Family history of Mood disorders 15(83.3) 13(72.2)
Suicidal attempt 8(44.4) 5(27.8)
Current Diagnosis Major Depressive Disorder 5(27.8) 8(44.4)
Bipolar Disorder-I 0 1(5.6)
Depressive Episode
Bipolar Disorder-I 2011.1) 4(22.2)
Manic Episode
Personality Disorder 10(55.6) 3(16.7)
Anxiety Disorders/ Obsessive Compulsive Disorder 1(5.6) 2(11.1)
Psychiatric comorbidities Major Depressive Disorder 1(5.6 1(5.6)
Obsessive Compulsive Disorder 0 2(11.1)
Other Diagnoses 0 1(5.6)
The severity of baseline suicidal Beck Suicide Inventory 26.2(9.3) 18.7(8.1)
thoughts Visual Analog Scale 7.5(1.8) 7.101.7)

Table 2 Main treatment effects: BSSI: Beck scale for suicidal ideation, Jacob Cohen has suggested that the values of 0.10, 0.25, and 0.40
represent small, medium, and large effect sizes for Cohen’s f, respectively

Outcome Interaction of time and intervention group The effect of time
Power Cohen’s f n p F Power Cohen’s f n P F
BSSI 0.16 0.022 0.02 0.46 0.75 1 0.61 038 <0.001 21.10

Contrary to our findings, a similar randomized clini-
cal trial in 2017 with 80 adult participants with major
depressive disorder and severe suicidal ideation reported
that patients receiving ketamine experienced a larger
reduction in Suicidal Ideation Scores (4.96 points) after
24 h (95% CI=2.33, 7.59; Cohen’s d=0.75) [20]. Our
smaller sample size and the differences in study arms at
baseline may explain the lack of a significant difference in
our study. Moreover, a relatively large proportion of the
patients receiving midazolam in our study had comorbid
BPD in contrast to the 2017 trial wherein the opposite
was true. Also, 54% of their patients were receiving anti-
depressants which may have interacted with the pharma-
cological effects of ketamine and midazolam [11].

Another randomized double-blind trial compared ket-
amine with a placebo in 156 individuals across a spec-
trum of psychiatric diagnoses. They reported that two
40-minute IV doses of ketamine significantly reduced
suicidal ideation on day three (to a score of lower than

3) (odds ratio 3.7 (95% CI 1.9 to 7.3), P<0.001) [21]. The
largest effects in their study were observed in patients
with bipolar disorder and the results were not significant
for the depression subgroup [22]. They proposed that the
underlying diagnoses may affect the efficacy of ketamine
in the reduction of suicidal thoughts [22]. Their study’s
large effect sizes may be due to their pharmacologically
inactive comparison(placebo) or the nature of their par-
ticipants’ diagnosis.

The high rate(19/36 [52%] of BPD in our study partici-
pants and especially in the midazolam group(13/18(72%)
was notable. Although there is no direct evidence that
these individuals respond differently to ketamine or
midazolam, the common notion is that patients with
BPD may experience spontaneous resolution of suicidal
thoughts. On the other hand, some individuals with BPD
may have a higher tendency to act upon these tempo-
rary thoughts. Thus, while the effects of ketamine may
have been underestimated in our study due to the higher
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rate of spontaneous resolution of suicidal thoughts in
the comparison group which contained a high rate of
patients with borderline personality disorder the higher
impulsivity among some of the patients with BPD signi-
fies the importance of managing suicidal thoughts among
this group of patients.

The high rate of Borderline Personality Disorder (BPD)
among our study participants—19 out of 36 (52%)—is
particularly notable, especially within the midazolam
group, where 13 out of 18 participants (72%) were
affected. Although there is no direct evidence suggest-
ing that individuals with BPD respond differently to ket-
amine or midazolam [23], it is commonly believed that
patients with BPD may experience spontaneous resolu-
tion of suicidal thoughts.

Conversely, some individuals with BPD may exhibit
a higher propensity to act on these transient thoughts
[24, 25]. This raises a significant consideration: while the
effects of ketamine may have been underestimated in our
study due to the elevated rate of spontaneous resolution
of suicidal thoughts in the comparison group—which
included a substantial number of patients with BPD—
the heightened impulsivity observed in some of these
patients underscores the critical need for effective man-
agement of suicidal thoughts within this population.

Our results are significant in that suicidal thoughts
were considerably reduced in both study groups com-
pared to baseline. However, the effects of ketamine did
not demonstrate superiority over midazolam. One pos-
sible explanation for our small effect size is the use of a
pharmacologically active comparison. This may have
influenced the observed reductions in suicidal thoughts.
Specifically, the heightened placebo effect associated with
any drug that produces side effects—unlike an inactive
placebo—could have played a role [12, 26]. Additionally,
there may be potential antisuicidal activity associated
with midazolam itself [12].

These factors highlight the complexity of assessing
treatment efficacy in this context and suggest that further
investigation is warranted to fully understand the dynam-
ics at play. The effects of ketamine may vary based on the
underlying diagnoses [5, 7, 9, 10]. Specifically, it is unclear
how suicidal thoughts may respond to ketamine or other
pharmacological agents among patients with borderline
personality disorder. Since there is no evidence that indi-
viduals with borderline personality may respond differ-
ently to ketamine, the issue warrants further evaluation
in larger and adequately powered trials. We suggest trials
with larger sample sizes and stratification for borderline
personality and other important diagnoses to facilitate
subgroup analyses based on psychiatric comorbidities.
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Limitations

This pilot trial had several limitations that should be con-
sidered when interpreting the results and in designing
future trials. First, the small sample size, which is typical
for pilot trials, likely hindered the detection of significant
effects and restricted the ability to perform subgroup
analyses or adjust for confounding factors.

Secondly, the groups were not comparable at baseline
in terms of depression severity and the rate of borderline
personality disorder, despite randomization. Baseline
imbalances can occur in some variables in randomized
controlled trials due to random chance, especially in
small sample sizes, where differences may arise purely
by luck. This suggests the observed effects may not be
attributed solely due to the drugs.

Thirdly, our study included patients with various psy-
chiatric diagnoses, enhancing its practical relevance in
emergency settings. However, this diversity may have
decreased statistical power because ketamine’s efficacy
can vary significantly across different disorders.

Conclusions

The findings show that although suicidal thoughts were
reduced in both groups, ketamine was not superior to
midazolam for the reduction of suicidal thoughts. This
raises questions about the efficacy of ketamine among a
diverse patient population.
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