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a b s t r a c t
Objective: Given the signiﬁcant disability, morbidity and mortality associated with depression, the promising
recent trials of ketamine highlight a novel intervention. A meta-analysis was conducted to assess the efﬁcacy
of ketamine in comparison with placebo for the reduction of depressive symptoms in patients who meet criteria
for a major depressive episode.
Method: Two electronic databases were searched in September 2013 for English-language studies that were randomized placebo-controlled trials of ketamine treatment for patients with major depressive disorder or bipolar
depression and utilized a standardized rating scale. Studies including participants receiving electroconvulsive therapy and adolescent/child participants were excluded. Five studies were included in the quantitative meta-analysis.
Results: The quantitative meta-analysis showed that ketamine signiﬁcantly reduced depressive symptoms. The
overall effect size at day 1 was large and statistically signiﬁcant with an overall standardized mean difference of
1.01 (95% conﬁdence interval 0.69–1.34) (Pb .001), with the effects sustained at 7 days postinfusion. The heterogeneity of the studies was low and not statistically signiﬁcant, and the funnel plot showed no publication bias.
Conclusions: The large and statistically signiﬁcant effect of ketamine on depressive symptoms supports a promising,
new and effective pharmacotherapy with rapid onset, high efﬁcacy and good tolerability.
© 2015 Published by Elsevier Inc.

Introduction
With its high prevalence, disability, morbidity and mortality, depression poses a signiﬁcant public health issue [1–4]. Patients with depression have elevated risk of suicide and increased medical and
psychiatric comorbidities [5]. Yet only half of individuals with major
depressive episodes respond to the ﬁrst-line treatment, and symptom
response time can be as high as 3 to 4 weeks [6–8]. With the challenges
of existing pharmacotherapies, novel more rapidly acting treatments for
major depression are clearly needed.
Ketamine, an N-methyl-D-aspartate (NMDA)-receptor antagonist
and FDA-approved anesthetic, has been used in rodent models of depression with consistently positive results [9–14]. Existing literature
suggests that glutamate levels and NMDA receptor mRNA expression
are abnormal in patients with major depressive disorder (MDD) and
bipolar affective disorder (BPAD), and long-term antidepressant treatment reduces NMDA receptor mRNA transcription [15–19]. Additionally,
prior studies evaluating postmortem hippocampal samples of people
who have committed suicide report decreased NMDA receptor expression, suggesting an alteration in the glutamatergic system [20,21].
These ﬁndings led to the experimental use of ketamine for treatment
of depression. Results of early studies of ketamine’s use as an antidepressant in humans were promising. Speciﬁcally, several open-label trials
suggested that ketamine had a rapid antidepressant effect [22,23].
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Follow-up randomized controlled trials conﬁrmed that ketamine performed signiﬁcantly better than placebo with relatively few safety
concerns [24–29].
Given the public health burden of major depression, challenges of
existing depression treatments, and promising basic and clinical
evidence, ketamine may be an important rapid-acting treatment for
major depression. However, controversy exists regarding the use of
ketamine. Ketamine has notoriety as a club drug with a brief hallucinogenic and euphoric effect that can last 1 to 2 h and thus must be administered in controlled settings [30]. Reports of off-label ketamine use in
emergency rooms, pain clinics and private psychiatric clinics are
alarming given the lack of close monitoring outside a research environment, unclear clinical context and short duration of effects [31]. Additionally, ketamine’s rapid but short-lived effects provide practical
challenges for appropriate clinical use. One recent systematic review
concluded that single dosages of intravenous, oral and intramuscular
ketamine were useful for treating unipolar and bipolar depression
[32]. Another recent meta-analysis reported that ketamine intervention
had higher rates of response and remission of depression compared to
placebo in seven randomized controlled trials [33]. Two other metaanalyses have similarly shown ketamine’s efﬁcacy as an antidepressant
[34,35]. Limitations of these approaches include reliance on published
data rather than using original data collected from the investigators,
presentation of outcomes using odds ratios that may overestimate the
intended effect, inclusion of studies with high risk of bias, and inclusion
of both intravenous and intranasal ketamine interventions when the intravenous route may deliver a more consistent dose of medication.
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This meta-analysis was conducted to assess the efﬁcacy of intravenous ketamine in comparison with placebo for the reduction of depressive symptoms in adult individuals who meet criteria for a major
depressive episode. Additionally, this analysis sought to better understand the rapid (i.e., 1 day) versus intermediate-term (i.e., 7 days) effect
of ketamine.
Methods
Eligibility criteria
English-language articles from January 1990 to September 2013
were searched in two electronic databases (Pubmed, PsycInfo). The
criteria for inclusion required studies to be randomized placebocontrolled trials of ketamine in the treatment of patients with
treatment-refractory MDD or BPAD depression by the current Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, criteria. The
studies were restricted to adult outpatient samples; those that included
children or adolescents below the age of 18 years were excluded. Studies that had participants on therapeutic doses of antidepressants were
included, while those receiving electroconvulsive therapy (ECT) were
not. In addition, the included studies administered ketamine or placebo
therapy for a minimum of one treatment and measured depressive
symptoms with a standardized rating scale. These eligibility criteria
were chosen to ensure that the participants had a standardized way of
being diagnosed and evaluated through the course of the study, without
concurrent treatments that could confound the results over the short
time frame of evaluation.
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Upon reviewing the search results, duplicate studies were removed.
Full article texts were obtained for potential studies appearing to meet
eligibility criteria. Initially, searches were built to ﬁnd studies using
ketamine in patients with MDD. As the searches can only be built to
be inclusive and not exclusive, the search results included participants
with bipolar depression. Initially, these studies were excluded, and the
meta-analysis was focused on unipolar depression alone. The initial
search produced three studies. In order to gain better understanding
of ketamine’s effects in affective disorders, the decision was made to
incorporate studies that included participants with bipolar depression
as well as unipolar depression. The ﬁnal search resulted in a total of
six studies (Fig. 1). The kappa statistic for study selection was 1.0, consistent with excellent agreement.
Data collection process
Data were extracted from each of the six studies in duplicate.
Additionally, the authors of the Zarate et al. 2012 study, the Zarate
et al. 2006 study, the Diazgranados et al. study and the Sos et al. study
were contacted by e-mail and provided complete data sets for inclusion
in the quantitative meta-analysis. The mean Montgomery–Åsberg
Depression Rating Scale (MADRS) or Hamilton Depression Rating
Scale (HDRS) scores at baseline, day 1 and day 7 were extracted from
the original data sets provided, with the exception of the Murrough
et al. study which listed these data in Table 2 of the paper. Despite the
authors’ many outreach attempts by e-mail and phone correspondence,
the exact time point of the post-ketamine Beck Depression Inventory
(BDI) scores in the Berman et al. study is not known. Thus, the Berman
et al. study results were not included in the quantitative meta-analysis.

Information sources
Data items
Pubmed and PsycInfo were searched for appropriate articles. In addition, the online clinical database (clinicaltrials.gov) was searched to investigate if there were any current trials relevant to this topic. Authors
of several papers were contacted to obtain the data sets from their published trials; however, no new data from ongoing studies were discovered. The database searches were last performed on August 22nd, 2014.
Search
A computer search of PubMed was performed initially on September
10th, 2013. The search terms used were: ((((((((("Depressive Disorder,
Treatment-Resistant"[Majr]) OR treatment resistant depression) OR
major depressive disorder) OR major depression) OR depression) OR
"Depression"[Majr])) AND (("Ketamine"[Mesh]) OR ketamine))).
Search ﬁlters restricted the studies to randomized controlled trials published in English with human subjects.
A computer search of PsycInfo was performed initially on September
10th, 2013. The search terms used were: (“Depression” OR “Treatment
resistant depression” OR “major depression” OR “Major depressive
disorder” OR MM "Major Depression" OR MM "Treatment Resistant
Depression" DE "Major Depression" OR DE "Anaclitic Depression"
OR DE "Dysthymic Disorder" OR DE "Endogenous Depression" OR
DE "Postpartum Depression" OR DE "Reactive Depression" OR DE
"Recurrent Depression" OR DE "Treatment Resistant Depression") AND
(“Ketamine” OR MM "Ketamine"). Search ﬁlters restricted the studies
to randomized controlled trials.

Data extracted from the studies included the mean scores on standardized rating scales at baseline, after ketamine infusion and after placebo infusion. The scales used by the six studies included the MADRS,
BDI and HDRS. For ﬁve of the studies, the day 1 and day 7 postinfusion
time points were utilized. For the Berman et al. study, the exact time
point of the postinfusion score is not known. While all of the studies reported depression rating scores beyond 1 day, this data point was chosen as it often exhibited the most signiﬁcant change and was shared by
all selected studies. The standard deviations of each of these means
were also obtained.
Risk of bias in individual studies
This was assessed with multiple criteria taken from the Cochrane
handbook. These included (a) sequence generation; (b) allocation
concealment; (c) blinding of the participants, personnel and outcome
assessors; (d) reporting of incomplete data outcomes; (e) selective
outcome reporting and (f) other sources of bias.
Summary measures
The principal study measure was the raw change in score on the
standardized rating scale for depression from baseline to a postinfusion
time point with either ketamine or placebo.
Synthesis of results

Study selection
Searches performed on two databases, Pubmed and PsycInfo, resulted in a total of 128 articles. After removing duplicates, the authors were
left with 111 articles to screen. Two authors (E.E.L. and M.P.D.) independently reviewed all study titles and abstracts for deﬁned eligibility
criteria. These lists were then sent to a third author (A.L.), who was
designated to mediate any disparities.

We calculated the relative risk ratios and the weighted pooled relative risk ratios across studies (Stata 12.0: metan command). We used
the DerSimonian and Laird (random effects) model to provide weight estimates for each study. We chose the random-effects model as it provides
a more conservative estimate of weighting than the ﬁxed effect (Mantel–
Haenszel method) when one is concerned that the ﬁxed-effects assumption, namely, that the true effect is the same in each study, may not be
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(n=6)

# of studies included in
quantitative synthesis (meta analysis)
(n=5 )

Fig. 1. PRISMA ﬂow diagram delineating the identiﬁcation of independent studies for inclusion in the qualitative and quantitative meta-analysis.

met. The Q statistic and I2 statistic were used to evaluate heterogeneity.
The Q statistic quantiﬁes the magnitude of heterogeneity, while the I 2
statistic quantiﬁes the total variation due to between-study variance.
Publication bias was evaluated using a funnel plot.

half-life of the ketamine treatments, none of the studies looked at outcomes at 2 weeks postinfusion. Thus, this particular risk of bias criteria
may not apply to these studies. All six studies were free of selective outcome reporting and were free of other sources of bias.

Results

Results of individual studies

Study characteristics

At day 1 postinfusion, the studies by Zarate et al. (2012 and 2006)
were found to have large effect sizes, with standardized mean differences (SMDs) of 1.35 [conﬁdence interval (CI) 0.55–2.15] and 1.49
(CI 0.75–2.24), respectively. Data from Berman et al. and Diazgranados
et al. also revealed large effect sizes, with SMDs of 0.94 (CI − 0.67 to
2.54) and 1.23 (CI 0.52–1.95), respectively. Data from Murrough et al.
and Sos et al. demonstrated medium effect sizes, with SMDs of 0.77
(CI 0.27–1.27) and 0.65 (CI 0.11–1.20), respectively
Similarly, all the studies showed a robust response rate to ketamine.
The Sos et al., Diazgranados et al., Murrough et al. and Zarate et al.
(2012) studies deﬁned responding participants as having a 50% or
greater reduction in MADRS score as compared to baseline MADRS
score. Berman et al. and Zarate et al. (2006) deﬁned responding participants as having 50% or great reduction in HDRS score. Sos et al. and
Berman et al. reported the lowest response rates of 37% and 50%, respectively. The other studies reported response rates of 64% to 71%. Of note,
Murrough et al. noted the highest placebo response rate (28%) to the
midazolam infusion. The Berman study did not specify the time point
of the reported data; thus, this study was not included in the quantitative meta-analysis.
At day 7 postinfusion, ketamine was shown to have medium
effect sizes in the Zarate (2006) and Sos studies with SMDs of 0.70
(CI 0.02–1.37) and 0.51 (CI −0.04 to 1.05), respectively, and small effect
sizes in the Zarate (2012), Diazgranados and Murrough studies
with SMDs of 0.25 (CI − 0.46 to 0.97), 0.30 (CI − 0.36 to 0.96) and
0.31 (CI −0.18 to 0.80), respectively.

A total of six randomized, double-blind, placebo-controlled studies
were included in this meta-analysis (Table 1). All six of these studies included both male and female patients older than 17 years. There are
some notable differences between the studies. Three of the studies
(Zarate 2006, Murrough, Sos) included participants with a diagnosis of
MDD while excluding those with BPAD. The other three studies (Zarate
2012, Berman, Diazgranados) included patients with BPAD I and II depression. All were randomized, double-blind, placebo-controlled studies,
and ﬁve were crossover studies (Zarate 2012, Zarate 2006, Diazgranados,
Berman, Sos), in which participants received both ketamine and placebo
in randomized order. All used the same dose of ketamine hydrochloride
(0.5 mg/kg) infused over the same time period (40 min) except for the
Sos et al. study, which used an intravenous loading ketamine dose of
0.27 mg/kg infused over 10 min and then a maintenance dose of 0.27
mg/kg over 20 min. One study (Murrough) used an active placebo, midazolam, as opposed to the other studies that used saline as the placebo.
All used a standardized rating scale to track the depressive symptoms
of participants at multiple time points following infusion.
Risk of bias within studies
All six of the studies had adequate sequence generation and descriptions of blinding. The allocation concealment was not adequately explained in any of the studies and was deemed unclear. Given the short
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Table 1
Characteristics of individual studies.
Primary
author

Year

Study design

Diagnoses

Control
group

Intervention
group

Intervention

Retention rate

Study
Effect

Zarate et al.

2012

Single-center,
double-blind,
randomized,
crossover, placebocontrolled

BPAD I or
BPAD II
depression

Crossover

Single intravenous
infusion of ketamine
hydrochloride (0.5 mg/kg)
administered over 40 min

11 (73%) subjects
completed both phases
of the study.
All 3 who dropped out
did so in the ﬁrst
phase of the study
(3 in ketamine group,
1 in placebo)

MADRS
score
at day 1

Berman et al.

2000

MDE (MDD
or BPAD)

Crossover

Single intravenous
infusion of ketamine
hydrochloride (0.5 mg/kg)
administered over 40 min

2006

Crossover

Diazgranados et al.

2010

Single-center,
double-blind,
randomized,
crossover, placebocontrolled, add-on

MDD, recurrent
without
psychotic
features,
treatmentresistant
BPAD I or II
depression
without
psychotic
features

7 completed both
phases of the study.
1 terminated after
tx with ketamine and
1 after placebo
13 completed both
phases of the study.
4 terminated
after ketamine,
1 after placebo

BDI
score

Zarate et al.

Single-center,
double-blind,
randomized,
crossover, placebocontrolled
Single-center,
double-blind,
randomized,
crossover, placebocontrolled

N=15
Mean age of
46.7 years,
53% female
and 47%
male,
60% with
BPAD I and
40% with
BPAD II
N=9
Mean age
37 years,
4 men and
5 women
N=18
Mean age
of 46.7 years,
6 men and
12 women.

Murrough et al.

2013

Two-site, doubleblind, randomized,
active placebocontrolled, parallelarm

MDD
(treatmentresistant)

Sos et al.

2013

Single-center,
double-blind,
randomized,
crossover, placebocontrolled

MDD (single
or recurrent)

Crossover

N=25
Mean age
of 42.7
years,
66% male,
44%
female
Crossover

Single intravenous
infusion of ketamine
hydrochloride (0.5 mg/kg)
administered over 40 min

HDRS
score
at day 1

N=18
Mean age
of 46.9 years,
6 men and
12 women,
8 with BPAD
I and 10 with
BPAD II
N=47
Mean age of
46.9 years,
45% male,
55% female

Single intravenous
infusion of ketamine
hydrochloride (0.5 mg/kg)
administered over 40 min

13 subjects completed
both phases of the study.
3 dropped out in the
ﬁrst phase and 1 after
the second phase.

MADRS
score
at day 1

Single intravenous
infusion of ketamine
hydrochloride (0.5 mg/kg)
administered over 40 min

67 subjects completed
the full 7-day study. One
subject dropped out
before receiving any
medication; the
others after.

MADRS
score
at day 1

N=27 total
Ketamine
ﬁrst: N=11
Mean age of
42.2 years,
5 men and
6 women
Placebo ﬁrst:
N=19
Mean age of
44.6 years,
10 men and
9 women

Ketamine was administered
in a loading dose of
0.27 mg/kg over 10 min
followed by maintenance
infusion of 0.27 mg/kg
over 20 min

22 subjects completed
the study, with 5 dropping
out prior to all of the
follow-up visits.
Data were carried forward
for 27 patients in
each group.

MADRS
score
at day 1

MDE, major depressive episode.

Risk of bias across studies
The ﬁve studies included in the quantitative meta-analysis had
low–moderate risk of bias. The Zarate et al. (2012), Diazgranados
et al., Murrough et al. and Sos et al. studies used the raw MADRS
score at 1 day and 7 days postintervention for their outcome, while
the Zarate et al. (2006) study used the HDRS score at 1 day and 7
days postintervention.
Synthesis of results
The meta-analysis of the ﬁve studies that examined the effects of ketamine on MDD and BPAD showed that ketamine signiﬁcantly reduced
depressive symptoms at both 1 and 7 days postinfusion (Figs. 2 and 3).
At day 1 postinfusion, the calculated effect size was large and statistically
signiﬁcant with an overall SMD of 1.01 (95% CI 0.69–1.34) (Pb .001). Each
individual study had a large effect size that showed ketamine’s positive
effect on depression, with the Murrough et al. study the most heavily
weighted due to its large number of subjects. All studies showed

statistically signiﬁcant effects. The antidepressant effects of ketamine
were sustained 7 days postinfusion and were medium and statistically
signiﬁcant with an overall SMD of 0.41 (95% CI 0.14–0.68) (P=.003).
We conducted a sensitivity analysis of our study results stratiﬁed by the
studies that focused on MDD and those that focused on BPAD. For day 1
outcomes, the two studies that included BPAD participants had an effect
size of 1.29 (0.75–1.89) (Pb .001; large effect), while the three studies that
included MDD participants had an effect size of 0.90 (0.46-1.35) (Pb .001;
large effect). No heterogeneity was found. For day 7 outcomes, the results
were slightly more nuanced. The two studies that included BPAD participants had an effect size of 0.28 (CI − 0.21 to 0.76) (Pb .26; no effect),
while the three studies that included MDD participants had an effect
size of 0.46 (CI 0.14–0.78) (P=.004; medium effect). No heterogeneity
was found. This may suggest that there may be less of an effect at 7
days for those with BPAD depression. However, given that there are
only two studies within the BPAD category and given that the effect
size point estimates for both these studies suggest a small effect [Zarate
2012: 0.25 (CI −0.46 to 0.97) and Diazgranados: 0.30 (CI − 0.36 to
0.96)], it may be premature to conclude that any real difference exists.
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Standardised Mean diff.
(95% CI)
% Weight

Study

Zarate et al.

1.35 (0.55,2.15)

14.0

Zarate et al. 2006

1.49 (0.75,2.24)

15.7

Diazgranados et al.

1.23 (0.52,1.95)

16.7

Murrough et al

0.77 (0.27,1.27)

28.4

Sos et al

0.65 (0.11,1.20)

25.1

Overall (95% CI)

1.01 (0.69,1.34)

2012

-2.23642

0
2.23642
Standardised Mean diff.
Fig. 2. Forest plot at day 1 postinfusion.

Heterogeneity of the studies at day 1 was assessed statistically and
found to be low and not statistically signiﬁcant (I2=30.0%, χ2=5.2, d.
f.= 4, P= .27). The between-study variance in the random-effects
meta-analysis similarly shows low heterogeneity (τ2=0.034). A funnel
plot was created for this meta-analysis and showed no publication bias.
Heterogeneity of the studies at day 7 was not statistically signiﬁcant
(I2=0%, χ2=1.26, d.f.=4, P=.87). The between-study variance in the
random-effects meta-analysis similarly shows low heterogeneity
(τ2b0.0001).
Discussion
The results of this meta-analysis signify that ketamine has a signiﬁcant impact on depressive symptoms in subjects with MDD and BPAD
at 1 day and 7 days postinfusion. Although these ﬁndings are consistent
with previous results in suggesting that ketamine treatment is associated with a large and signiﬁcant antidepressant effect at 24 h postinfusion,
the results of this meta-analysis may be: (a) more reliable, as our results

used data provided directly from study authors of manuscripts
reviewed for this meta-analysis; (b) more interpretable and accurate,
as the results are presented using effect sizes rather than ORs which
are known to overestimate treatment effect; and (c) more speciﬁc, as
the results pertain to intravenous administration rather than combining
both intravenous and intranasal administration. Our study also found
that the positive effects of ketamine were sustained for a period of 7
days. In contrast to a previously reported meta-analysis, our study
found that the antidepressant effect of ketamine was reduced to a medium effect size at 7 days postinfusion rather than maintaining a large
effect. This is consistent with ketamine’s pharmacokinetic properties,
as ketamine has a short half-life of 3 h and is extensively hepatically
metabolized; thus, its treatment effect would logically be reduced over
time. Additionally, ketamine’s persistent antidepressant effects beyond
its half-life may reﬂect how it activates different signaling cascades,
including the AMPA/kinase receptor system [36].
Several recent meta-analyses have also shown ketamine to be effective in managing depressive symptoms [33–35]. However, these meta-

Standardised Mean diff.
(95% CI)
% Weight

Study

Zarate et al. 2012

0.25 (-0.46,0.97)

13.8

Zarate et al. 2006

0.70 (0.02,1.37)

15.7

Diazgranados et al.

0.30 (-0.36,0.96)

16.5

Murrough et al

0.31 (-0.18,0.80)

29.9

Sos et al

0.51 (-0.04,1.05)

24.2

Overall (95% CI)

0.41 (0.14,0.68)

-1.36899

0
1.36899
Standardised Mean diff.
Fig. 3. Forest plot at day 7 postinfusion.
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analyses included studies involving patients who underwent ECT [37],
surgery [38] or administration of intranasal ketamine [39,40], as well
as having issues with single-blind conditions [39] and lacking a placebo
control [37]. Due to concerns of potential confounding from surgical factors, ECT’s antidepressive effects, variable ketamine bioavailability [22]
as well as high risk of bias from a single-blind design, these trials were
not included in this meta-analysis. Many studies have illustrated
ketamine’s nonsustained antidepressant effect, with primary outcomes
often measured at 1 day postinfusion and relapses noted at 19 days after
repeated infusions [41]. Our data may suggest that weekly dosing of
intravenous ketamine may make sense, yet it may be burdensome.
Logistically, given the chronic nature of depressive symptoms, an oral
formulation would be preferable and has been shown to be an effective
add-on to standard antidepressants in a few case studies [42]. Unfortunately, oral ketamine shares the difﬁculties of abuse potential, no randomized controlled trials as well as dosing concerns given the lower
bioavailability (estimated at 20%) [42]. Other strategies using oral adjunctive agents and repeated intravenous dosing have not been successful thus far [43–45]. Finally, it is important to note that only a small
proportion of patients treated with a single dose of intravenous ketamine can maintain their response for several weeks, but reasons for
this sustained treatment response are not well understood.
Minimal adverse events were noted throughout all studies. Most seriously, psychotomimetic symptoms or transient mild elevations in
blood pressure and heart rate were reported. The psychotomimetic effects were short-lived, resolving completely by 60 min postinfusion.
Yet controversy persists regarding the use of ketamine given its history
of abuse. In particular, its illicit use in the dance club scene as an adjunct
to ecstasy’s euphoric effects and growing popularity internationally are
concerning for its potential for misuse [46,47]. Observations of ketamine
use demonstrate its large safety margin with a low risk of death by
acute toxicity, though there are risks of ulcerative cystitis, abdominal
cramping and short-term memory impairment with chronic use [48].
Additionally, the appropriate clinical context for ketamine use remains
unclear. Ketamine may have a speciﬁc and unique role in acute
suicidality in an emergency room setting and as an anesthetic prior to
ECT therapy, where trials are currently under way to investigate
ketamine’s efﬁcacy [23,49,50]. In general, most reviews encourage
caution and further study before administering ketamine outside of
controlled hospital settings.
The meta-analysis included studies of individuals with MDD and
BPAD in order to better elucidate ketamine’s role in affective disorders.
Several studies differ on whether ketamine has superior efﬁcacy for bipolar versus unipolar depression. Our data suggest that, on day 1, ketamine treatment for either BPAD or MDD has a signiﬁcant and large
effect. However, our data suggest that, on day 7, ketamine still has a
small to medium effect but that this effect may be greater among
those with MDD. Clearly, future studies will help further our understanding regarding day 7 treatment effects. Our study does support a
recent letter by Fond et al. that indicates that ketamine is an effective
treatment for both types of depression and that further studies designed
to compare the two conditions are required [51]. One limitation is that
this meta-analysis includes a small number of studies, running the risk
of publication bias.
The association between ketamine’s psychotomimetic and antidepressant effects was inconsistent, although blinding of the intervention
may have been affected by the psychotomimetic effects. Only the
Murrough et al. study employed an active control (midazolam) and
showed that ketamine had a signiﬁcantly higher antidepressant effect
compared to control, which was consistent with the other studies that
employed a saline control.
The promising results of ketamine have stimulated future research
into characterizing predictors of ketamine response, ﬁnding speciﬁc usages for ketamine and investigating other glutamatergic compounds.
Patient characteristics that predict ketamine response are poorly understood, though there may be a response correlation with speciﬁc patterns
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of neural activity, family histories of alcoholism and not previously failing ECT [52–55]. The success of ketamine as a treatment for depression
has instigated numerous investigations into similar compounds. Studies
of approved medications have shown some promising results from
amantadine [56–58]. Recent drug development has focused on
subunit-selective NMDA receptor antagonists because the psychotomimetic side effects are reduced compared to ketamine. CP-101,606 (an
NR2B subunit-selective NMDA receptor antagonist) has been found be
well tolerated and more effective than placebo when given as an adjunct to paroxetine treatment [59]. Similarly, MK-0657, another NR2B
subunit-selective NMDA receptor antagonist that is dosed orally, was
found to have signiﬁcant antidepressant effects without any dissociative
side effects during a placebo-controlled crossover pilot study [60]. The
reduction of depression symptoms was seen with the BDI and HDRS,
but not on the MADRS, which may be related to the varying sensitivities
of these scales. Both compounds warrant further larger-scale trials. Four
other glutamatergic agents are currently in Phase I and II trials for treatment of MDD [61]. Other work has focused on better understanding
ketamine’s mechanism of action and identifying mediators of its antidepressant cascade as potential drug targets.
In general, the ﬁndings of this meta-analysis add to the existing evidence supporting ketamine as a novel treatment for depression. This
has been consistently demonstrated across basic research studies, case
studies and open-label trials. Compared to existing treatments for depression, ketamine has been shown to have a high response rate and
rapid effect. This meta-analysis conﬁrms and strengthens these results
with multiple double-blinded, randomized, placebo-controlled trials
and an overall large effect size.
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