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INTRODUCTION
Depression is a very common and disabling mental illness 
and can be assessed by applying several questionnaires, 
the most common being the Montgomery-Asberg rating 
scale1, scoring on a scale of 0–60, where 7–19 denotes mild 
depression, 20–34 moderate depression, and greater than 
34 severe depression. Major or severe depression is com-
monly associated with suicidal ideation, resulting in a sui-
cide attempt or suicide.

Esketamine, the S-enantiomer of racemic ketamine, is 
an antidepressant with a novel mechanism of action. It is a 
nonselective, noncompetitive antagonist of the N-methyl-D-
aspartate receptor and the ionotropic glutamate receptor. It 
promotes increased stimulation of the α-amino-3-hydroxy-
5-methyl-4-isoxazole propionic acid receptor (AMPAR) and 
neurotrophic signaling, which restore brain synaptic func-
tion. However, the mechanism by which esketamine exerts 
its antidepressant effect is unknown. Unlike other antide-
pressant treatments, the primary antidepressant action of 
esketamine does not directly involve monoamine, GABA, 
or opioid receptors2.

The aim of this systematic review was to evaluate the use of 
esketamine compared to placebo in patients with severe depres-
sion and suicidal ideation.

CLINICAL DOUBT
What is the efficacy and safety of using esketamine in the treat-
ment of patients with severe depression and suicidal ideation?

METHODOLOGY
Eligibility criteria were as follows:

1.	 Patients with major depression and suicidal ideation.
2.	 Esketamine treatment plus standard care (antidepres-

sants) compared to placebo plus standard care.
3.	 Outcomes – improvement in the state of depression, 

evaluated in appropriate scores.
4.	 Included randomized controlled trials (RCTs) and 

observational studies.
5.	 No restrictions on publication date and language.
6.	 Full text available for access.
7.	 Follow-up time: minimum 25 days.

The search for evidence will be carried out in the Medline/
PubMed and Central Cochrane virtual scientific information 
base, using the following search strategy: (Depressive Disorder 
OR Depressive Disorder, Major OR Depressive Disorder, 
Treatment-Resistant) AND Esketamine AND Random*. The 
search in these databases was carried out until the month of 
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September 2022. A systematic review was carried out according 
to the recommendations of the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA)3.

The risk of bias for randomized clinical trials will be assessed 
using the items of the RoB 2 tool4, plus other fundamental ele-
ments and expressed as low risk, and in some concerns, as high 
risk of bias. The risk of bias assessment will be carried out by 
two independent reviewers (AS and IF), and in case of disagree-
ment, a third reviewer (WB) may deliberate on the assessment. 
The certainty of the evidence will be extrapolated from the risk 
of bias obtained from the study(ies) (if no meta-analysis) using 
the GRADE terminology5 in very low, low, moderate, and high, 
and through the GRADEpro software6 (if meta-analysis) into 
very low, low, moderate, and high.

The measures used to express benefit or harm varied accord-
ing to the outcomes and were expressed through continuous 
variables (mean and standard deviation) or categorical variables 
(absolute number of events). For continuous measurements, 
the result will be the difference in means (DM) and its stan-
dard deviation (SD); for categorical measures, it will be the risk 
difference (RD) and number needed to treat (NNT) or harm 
(NNH). The confidence level used is 95%.

When there are common outcomes between the included 
studies, the results will be expressed through meta-analysis, 
using the RevMan 5.4 software7, with the global RD with 
95% confidence intervals (CI) being the final measure used 
to support the synthesis of the evidence, which will answer 
the clinical question. Estimation of the size of the combined 
effects was performed by a fixed or random effect model after 
evaluating the heterogeneity results. Heterogeneity was calcu-
lated using the I2 value.

RESULTS
In the search for evidence, 90 new studies were retrieved; 23 
were selected based on title and abstract, of which 38-10 were 
selected to support this evaluation, whose characteristics are 
described in Table 1 (ANNEXES). The list of those excluded 
and the reasons are available in the references and Figure 1.

The population included was 524 patients, aged between 
18 and 64 years, diagnosed with major depression and suicidal 
ideation, without associated psychopathy and evaluated using 
the Montgomery-Asberg Depression Rating Scale with a score 
≥22, and confirmed by the Mini International Neuropysichiatric 
Interview (MINI) (Table 1, ANNEXES).

The exclusion criteria were as follows: bipolar psychiatric 
disorder, drug addiction, intellectual disability, antisocial per-
sonality disorder, borderline personality, and psychotic disorder.

A total of 261 patients received esketamine (84 mg, nasal 
route, 3 puffs in total, alternating nostrils, with an interval of 
5 min, twice a week) associated with treatment with antide-
pressants, individualized for each patient (standard-of-care), 
and 263 received placebo plus standard-of-care.

The primary outcome considered was the reduction of 
depressive symptoms assessed by the Montgomery-Asberg 
Depression Rating Scale (MADRS), and the secondary ones 
were remission of depression (MADRS ≤12), response ≤50% in 
the reduction of the MADRS score, and serious adverse events.

Regarding the risk of bias, there was no analysis by inten-
tion to treat, >20% losses occurred in 3 studies8-10, and the 
overall risk of bias can be considered a moderate-to-severe risk. 
The evaluation was done through the RoB 2 tool (Figure 2).

1.	 Results of the comparison between the use of esketamine 
and placebo in participants with major depression and 
suicidal ideation.
1.1.   Mean reduction in MADRS including three stud-

ies8-10 with a total of 522 participants.
1.1.1.   One day after the first dose, esketamine 

may reduce depression rating scale scores 
over placebo, standardized mean differ-
ence (SMD) -3.18, 95%CI -1.58 to -4.78; 
I2=0%; p=0.0001 (Figure 3). High evi-
dence certainty (Table 2, ANNEXES).

1.1.2.   At the 25-day follow-up, in pre-dose anal-
ysis, there was a mean reduction of 2.94 
points, SMD -2.94, 95%CI -0.89 to -4.99; 
I2=0%; p=0.005, in the esketamine group 
compared to placebo group (Figure 4). 
Certainty of moderate evidence.

1.1.3.   In a pre-dose analysis and 90-day follow-up, 
there was a mean reduction of 1.75 points 
in the esketamine group compared to pla-
cebo, SMD -1.75, 95%CI -1.28 to -2.22; 
I2=89%; p=0.00001 (Figure 5). Very low 
certainty of evidence.

1.1.   Remission rate (≤12 points on the MADRS).
1.1.1.   Three studies8-10, with a total of 522 patients 

and 24-h follow-up after the first dose, 
showed a 5% increase in the remission 
rate with the use of esketamine com-
pared to placebo, RD=-5%, 95%CI -0.1 
to -9; I2=0%; p=0.05, being necessary to 
treat 20 patients for a benefit (NNT=20) 
(Figure 6). High evidence certainty.

1.1.2.   In a pre-dose analysis, with a follow-up of 
up to 8 days, two studies9-10 with a total 
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of 456 participants showed no difference 
in the remission rate between groups, 
RD=5%, 95%CI -3 to 13; p=0.2; I2=0%; 
NNT=not significant (NS) (Figure 7). 
High evidence certainty.

1.1.3.   Evaluating the pre-dose 25-day follow-up, 
three studies8-10 (522 participants) showed 
a 12% increase in the remission rate 
with the use of esketamine compared 
to placebo, RD=12%, 95%CI 4 to 20; 
I2=0%; p=0.004; being necessary to treat 8 

Figure 1. Evidence retrieval and selection diagram. From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. https://doi.org/10.1371/journal.
pmed1000097
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Figure 3. Meta-analysis of the mean reduction in Montgomery-Asberg Rating Scale 1 day after the first dose.

Figure 5. Meta-analysis of mean reduction in Montgomery-Asberg Rating Scale, 90-day follow-up and pre-dose analysis.
 

Figure 6. Meta-analysis of the remission rate (reduction ≤12 points on the Montgomery-Asberg Rating Scale), 24 h after the first dose.
 

Figure 4. Meta-analysis of mean reduction in Montgomery-Asberg Rating Scale, 25-day follow-up and pre-dose analysis.
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Figure 7. Meta-analysis of the 8-day remission rate and pre-dose analysis.
 

patients for a benefit (NNT=8) (Figure 8). 
Certainty of moderate evidence.

1.2.   Response rate with ≥50% reduction in initial 
MADRS points, esketamine versus placebo.

1.2.1.   Two studies8-10 (296 participants), 24 h 
post-dose follow-up, showed an increase 
of 18% in the response rate, in patients 
who used esketamine compared to pla-
cebo, RD=18%, 95%CI 9 to 26; I2=0%, 
p=0.00001; NNT=6 (Figure 9). High 
evidence certainty.

1.2.2.   There was no difference between the 
groups when we evaluated in the fol-
low-up for 8 days, in one study10 (230 
participants), RD=3%, 95%CI -9 to 16; 
p=0.59; NNT=NS (Figure 10). High evi-
dence certainty.

1.2.3.   In 25-day follow-up and pre-dose anal-
ysis, two studies8-10 (296 participants) 
showed no difference between groups, 
RD=7, 95%CI -12 to 26, I2=57%, p=0.13, 
NNT=NS (Figure 11). Certainty of mod-
erate evidence.

1.3.   Serious adverse events.
1.3.1.   Three studies8-10, with a total of 522 patients 

in a 25-day follow-up and pre-dose anal-
ysis, showed no difference when compar-
ing esketamine versus placebo, RD=2%, 
95%CI -2 to 5, I2=43%, p=0.30, NNH=NS 
(Figure 12). Very low certainty of evidence.

EVIDENCE SUMMARY
The use of esketamine in patients with major depression and 
suicidal ideation was compared to placebo.

•	 It reduces depression rating scale scores (MADRS), 
standardized mean difference of 3.18 points, and 24 h 
after the first dose. High evidence certainty.

•	 It reduces depression rating scale scores (MADRS), stan-
dardized mean difference of 2.94 points, and pre-dose 
analysis in the 25-day follow-up. Certainty of moder-
ate evidence.

•	 It reduces depression rating scale scores (MADRS), 
standardized mean difference of 1.75 points, and pre-
dose analysis in the 90-day follow-up. Low certainty of 
evidence.

•	 It increases the remission rate by 5% (MADRS ≤12 
points), NNT=20, in 24 h after the first dose of treat-
ment. High evidence certainty.

•	 There is no difference in remission rate at 8-day fol-
low-up and pre-dose analysis. High evidence certainty.

•	 Increases remission rate by 12% (MADRS ≤12 points), 
NNT=8, at 25 days and pre-dose analysis. Certainty of 
moderate evidence.

•	 18% increase in response rate (≥50% point reduction 
from baseline MADRS), NNT=6, within 24 h after 
first dose. High evidence certainty.

•	 There is no difference in response rate at 8-day follow-up 
and pre-dose analysis. High evidence certainty.

•	 There is no difference in response rate at 25-day fol-
low-up and pre-dose analysis. High evidence certainty.

•	 There is no difference in the number of serious 
adverse events within 25 days. Very low certainty 
of evidence.

DISCUSSION
Countless deaths in the world are due to suicide, and people with 
severe depression are vulnerable to suicidal ideation. According 
to the World Health Organization (WHO)11, approximately 
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Figure 9. Meta-analysis of response rate at 24 h post-dose follow-up.
 

Figure 10. Meta-analysis of response rate reduction, 8-day pre-dose follow-up.
 

Figure 11. Meta-analysis of response rate reduction, 25-day follow-up and pre-dose analysis.
 

Figure 8. Meta-analysis of depression remission results with esketamine, 25 days and pre-dose analysis.
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Figure 12. Meta-analysis of adverse events, 25-day follow-up and pre-dose analysis.
 

700,000 people commit suicide worldwide, influenced by 
numerous psychological, social, and cultural factors.

In this systematic review with meta-analysis, we aggre-
gated only studies that used esketamine in patients with 
depression and suicidal ideation in the search for evidence 
of efficacy and safety.

In the primary outcome, which measured the reduction in 
the score on the Montgomery-Asberg Depression Rate Score, 
used to grade levels of depression, we obtained a standardized 
mean reduction of 3.18 points with the use of esketamine and 
individualized antidepressants in comparison with placebo 
and individualized antidepressants. It should be noted that all 
patients included had a MADRS score of ≥22.

For another evaluated endpoint, which was the remission 
rate (MADRS ≤12 points), esketamine, compared to placebo, 
showed a benefit with a reduction of 5% (NNT=20) in 1 day 
after the first dose and 12% (NNT=8) at the 25-day follow-up 
and pre-dose analysis.

Regarding death by suicide: there was no death in both 
groups (esketamine/placebo) in a follow-up of up to 90 days.

Esketamine has been shown to be a fast-acting treatment 
for patients with severe depression and suicidal ideation; how-
ever, responses to treatment are often transient, and the antide-
pressant action of esketamine lacks robust clinical durability; 
studies with long follow-up are lacking. Little is known about 
which patient characteristics are associated with more rapid 
esketamine responses and/or more durability.

Esketamine is shown to be safe without increasing serious 
adverse events.

CONCLUSION
The use of esketamine and standard-of-care compared to pla-
cebo in patients with major depression (MADRS >22 points) 
and suicidal ideation reduces scores by an average of 3.18 and 
2.94 points, respectively, in the follow-ups of 24 h post-dose 
and 25 days pre-dose.

There is an increase in response rate (≥50% reduction in base-
line MADRS points) by 18% at 24 h follow-up after the first dose, 
and there is no difference at 25-day follow-up and pre-dose analysis.

Therefore, it is concluded that patients with major depres-
sion and suicidal ideation benefit from the use of esketamine 
84 mg, nasal spray 1 puff 3 times, with an interval of 5 min, 
twice a week for 4 weeks, associated with antidepressants, in 
follow-up for up to 25 days.
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Table 1. Characteristics of clinical studies evaluating the use of esketamine compared to placebo.

Studies Population Intervention Comparison Outcome Follow-up

Canuso CM 
2018

The study selected 68 participants 
(19–64 years old) who had a 

diagnosis of severe depressive 
disorder (DMD) with active 

suicidal ideation, without psychotic 
characteristics according to DSM-

IV-TR criteria and confirmed by 
applying the Mini International 

Neuropsychiatric Interview 
(MINI). Participants scored ≥22 

on the Montgomery-Åsberg 
Depression Rating Scale (MADRS). 

Several psychiatric comorbidities 
were excluded: current diagnosis 
of bipolar disorder, moderate-to-

severe substance use disorder, 
intellectual disability, antisocial 

personality disorder, current 
diagnosis of borderline personality 

disorder, or past  
psychotic disorder.

Esketamine 84 mg, 
nasal spray 1 puff, 3 
times, 5 min apart, 
twice a week, for 4 

weeks, associated with 
antidepressants.

Placebo and 
antidepressants.

Primary: mean 
reduction in 

MADRS scale score. 
Secondary: remission 

of depression 
(MADRS ≤12), 

response ≤50% 
in MADRS score 

reduction, and 
adverse events.

80 days with 
segmentation in 
the first 25 days.

Fu DJ, 2020 
(ASPIRE I)

Phase 3, multicenter, double-
blind study (ASPIRE I), conducted 

between June 2017 and 
December 2018, 226 adult 

participants (18–64 years old) with 
a diagnosis of major depressive 

illness (DMD) and suicidal ideation, 
without psychotic features 

according to the Diagnostic and 
Statistical Manual of Mental 

Disorders, Fifth Edition (DSM-
5), confirmed by MINI. Eligibility 

criteria required patients to 
respond affirmatively to mini-

questions B3 (“Have thoughts of 
suicide [killing yourself]?”) and B10 

(“Do you intend to take action or 
have thoughts of killing yourself in 
the past 24 hours?”) within 24 h of 
randomization, be in clinical need 

of acute psychiatric hospitalization 
due to imminent risk of suicide, and 

>28 pre-dose MADRS  
points on day 1.

Esketamine 84 mg, 
nasal spray 1 puff, 3 
times, 5 min apart, 
twice a week, for 4 

weeks, associated with 
antidepressants.

Placebo and 
antidepressants.

Primary: mean 
reduction in 

MADRS scale score. 
Secondary: remission 

of depression 
(MADRS ≤12), 

response ≤50% 
in MADRS score 

reduction and 
adverse events, and 
change in CGI-SS-r 
score 24 h after the 

first dose.

90 days with 
segmentation in 
the first 25 days.

Ionescu 
DF 2021 
(ASPIRE II)

Study conducted with 230 
randomized patients (115 per 

arm), multicenter, double-blind 
(ASPIRE II) between June 

2017 and April 2019. Eligible 
patients were between 18 and 

64 years old, complied with 
the Diagnostic and Statistical 

Manual of Mental Disorders – 
5th edition (DSM-5) criteria for 
MDD (without psychosis) based 
on diagnostic assessment using 

MINI questionnaire and MADRS 
score >28.

Esketamine 84 mg, 
nasal spray 1 puff, 3 
times, 5 min apart, 
twice a week, for 4 

weeks, associated with 
antidepressants.

Placebo and 
antidepressants.

Primary: mean 
reduction in 

MADRS scale score. 
Secondary: remission 

of depression 
(MADRS ≤12), 

response ≤50% 
in MADRS score 

reduction and 
adverse events, and 
change in CGI-SS-r 
score 24 h after the 

first dose.

90 days with 
segmentation in 
the first 25 days.

MDD: major depressive disorder.

ANNEXES
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