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Artic{e history: The current systematic review and meta-analysis aimed at exploring acute effects of intravenous (IV)
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included clinical trials testing a single IV dose of ketamine and assessing changes in suicidal ideation
within 4 h after treatment. Meta-analyses based on random-effects models, were carried out generating
pooled standardized mean differences (SMDs) between endpoint and baseline scores. Heterogeneity
among studies was estimated using the I? index. We searched main Electronic Databases, identifying five
Ketamine studies that met our inclusion criteria. The trials included 99 subjects treated with IV ketamine bolus or
Suicidal ideation infusion. Data showed a large (SMD =—0.92; 95%Cl: —1.40 to —0.44; p <0.001) and consistent (1> =21.6%)
Meta-analysis decrease of suicidal ideation, with effects comparable between IV bolus and infusion ketamine. Additional
analyses confirmed the efficacy of ketamine across different time points. However, relevant, emerging
evidence should be considered as ‘very low’ so far. Randomized, controlled and adequately powered trials
are needed.
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1. Introduction

Although approved antidepressants act through monoamin-
ergic mechanisms, with various affinities for serotonin and
noradrenaline, it has been recently hypothesized an important role
for glutamate system in mood regulation (Serafini et al., 2014;
Zarate et al., 2010), also in terms of target for novel therapeu-
tic approaches (Caddy et al., 2014; ladarola et al., 2015; Lapidus
et al., 2013). In particular, ketamine, an antagonist of N-methyl-
D-aspartate (NMDA), proposed for anesthesia in the 1960s, is
considered a promising option for subjects suffering from severe
and treatment-resistant depression (Malhi et al., 2016). Ketamine
might modulate glutamatergic receptors, enhancing neuroplastic-
ity and neurogenesis, as well as the release of neurotransmitters
involved in mood regulation (Lee et al., 2015a; Serafini et al.,
2015). Preliminary, though limited, evidence for ketamine and
other modulators of glutamate receptors in depression treatment
has been highlighted (Caddy et al., 2015). Recent meta-analytic
data have shown that, in both unipolar and bipolar depression
(Lee et al., 2015b), ketamine might have a significant antidepres-
sant effect, lasting from four hours to seven days after treatment
(Coyle and Laws, 2015). Moreover, although the neurobiological
basis underlying the relationship between depression and suicide
is not fully understood (Rajkumar et al., 2015), it seems that the
rapid onset of action of ketamine, along with an acute antide-
pressant effect, might reduce also suicidal ideation (Malhi et al.,
2016; Mallick and McCullumsmith, 2016; Wilkinson and Sanacora,
2016).Indeed, recent systematic reviews highlighted that ketamine
might be effective in reducing suicidal ideation and depressive
symptoms quickly, with minimal short-term side effects, though
its neurobiological correlates remain to be clarified (Mallick and
McCullumsmith, 2016; Reinstatler and Youssef, 2015).

However, although a body of evidence of acceptable size has
accumulated in the last few years, there are no studies that system-
atically pooled data of intervention studies published in this field so
far. Several clinical trials have investigated the effect of ketamine
in subjects with treatment-resistant (Price et al., 2009; Thakurta
et al., 2012) or bipolar (Zarate et al., 2012) depression, indepen-
dently by the occurrence of suicidal ideation. Nonetheless, in order
to increase consistency of evidence, it seems important pooling
data deriving from studies including only (lonescu et al., 2016),
or separately assessing (DiazGranados et al., 2010), subjects with
current suicidal ideation, rather than depression as such. Investi-
gating novel therapeutic options for suicidal ideation is important
because a significant proportion of patients still fail to respond to
standard treatment approaches (Pompili et al., 2010; Stone et al.,
2009) and suicide risk prevention still represents an unmet need
in psychiatric clinical practice (Wilkinson and Sanacora, 2016). We
thus conducted a PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines-based systematic review
and meta-analysis of clinical trials (Moher et al., 2009), testing early
efficacy of ketamine for suicidal ideation with the purpose of clari-
fying the magnitude of the effect, consistency of results, as well as
quality of evidence (Schiinemann et al., 2008).

2. Methods
2.1. Eligibility criteria

We included clinical trials testing a single intravenous (IV) dose
of ketamine for acute treatment of suicidal ideation. To be consid-
ered, studies had (i) to recruit adults with current suicidal ideation
from any inpatient and/or outpatient or emergency department
settings, and (ii) to assess changes in suicidal ideation with an
appropriate rating instrument and within four hours after treat-

ment, since this is the standard time point used to assess acute
responses to IV ketamine (DiazGranados et al., 2010; Ballard et al.,
2014). Due to the exploratory nature of this meta-analysis, neither
active comparators nor placebo were required, and single-arm clin-
ical trials testing ketamine were considered. We excluded studies
dealing with treatment-resistant depression or bipolar depression,
that did not provide data for subgroups of participants reporting
baseline suicidal ideation, as well as studies testing suicidal ideation
changes later than four hours. Furthermore, we excluded reports
with incomplete data, such as conference abstracts and disserta-
tions, and gray literature not undergoing a peer-review process. If
data from the same sample had been published in multiple works,
we retained for meta-analysis only the study with more exhaustive
information to avoid duplicate (multiple) publication bias (Sterne
et al., 2008).

2.2. Search strategy and data extraction

We searched Pubmed and, via Ovid, Medline, Embase and
PsycInfo electronic databases from inception till November 2016.
We used the following search phrase: (ketamine and (suicide or
suicidal ideation)).mp. with ‘mp’ code meaning that the search
included title, abstract, heading word, and keyword. Furthermore,
we searched reference list of two recently published system-
atic reviews (Mallick and McCullumsmith, 2016; Reinstatler and
Youssef, 2015). After the preliminary screening based on titles and
abstracts, studies were retrieved in full text in order to test their
eligibility. We developed an extraction sheet for main informa-
tion from each study including year of publication; study location;
setting; suicidal ideation definition and assessment; sample size;
participants’ characteristics; tested ketamine dose and methods for
IV administration (infusion or bolus); minutes between ketamine
treatment and outcome measurement; main results. Systematic
searches and data extraction were performed by two authors inde-
pendently (IR and CDB). Discordances were resolved by consensus
with other co-authors. When reported information was incomplete
or unclear, one investigator (FB) contacted the relevant correspond-
ing author for clarification.

2.3. Data analysis

We used baseline and endpoint mean scores on suicidal ideation
(with standard deviations or standard errors), or relevant paired t-
values, to estimate standardized mean differences (SMDs) with 95%
confidence interval (95%CI). Because pre- and post-treatment val-
ues are dependent, effect sizes were estimated taking into account
correlation between scores at different time points. Since most of
studies did not include this information, we used a conservative
correlation value of 0.5 (Newby et al., 2015). Individual SMDs were
pooled in meta-analyses using random effects model. Statistical
significance was set at p <0.05. We run a subgroup analysis based on
different methods of ketamine administration (infusion or bolus)
and dose (0.5 mg/kg or 0.2 mg/kg), using test for subgroup differ-
ences (Deeks et al., 2008). Additional analyses were carried out to
explore effect size variations at different time points, i.e., 40, 80,
120 and 230/240 min, after IV ketamine administration, according
to data available from individual studies. Heterogeneity was esti-
mated using the 2 index, with values of 25%, 50%, and 75%, taken
to indicate low, moderate, and high levels of heterogeneity, respec-
tively (Higgins, 2003). Publication bias was assessed using Egger’s
linear regression test, if at least ten studies were included in the
meta-analysis, asrecommended (Sterne et al.,2008). Analyses were
performed using STATA statistical software package (version 13.1,
2013; Stata Corp, College Station, TX).
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