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A B S T R A C T

Background: Sub-anaesthetic administration of ketamine is an emerging practice in patients presenting treat-
ment resistant depression (TRD), however several outstanding questions have yet to be answered.
Objective: To evaluate the effect of intravenous ketamine infusion for patients presenting TRD on depression
scores, clinical remission and response rates, and to assess its efficacy over both time and frequency.
Methods: Five databases were searched up to January 4th 2019 to include primary studies evaluating the use of
sub-anaesthetic dose of ketamine in adults presenting TRD. Two reviewers independently performed the study
selection, quality assessment and data extraction. Results were summarised in a narrative synthesis. A meta-
analysis using a random effects model was performed when possible to examine changes in standardized mean
differences and odds ratios of outcome measures at 4 hours, 24 hours, or 7 days post-infusion.
Results: Twenty-eight studies in 35 publications were included. A strong ketamine effect was observed within 4
hours following a single infusion, and peaked at 24 hours. Ketamine's effectiveness was still present, yet
somewhat diminished, 7 days post-infusion. Multiple infusions resulted in an enhanced and prolonged ketamine
effect.
Limits: Due to insufficient data, long-term safety and efficacy of ketamine utilisation in patients presenting TRD
are yet to be investigated.
Conclusions: Results provide support for the use of ketamine in the rapid management of depressive symptoms.
While ketamine appears promising in the short-term treatment of TRD, more clinical and experimental data is
needed with regards to the efficacy, tolerance and security of long-term administration of ketamine.

1. Introduction

Despite the considerable increase in the therapeutic options to treat
patients with major depression disorder (MDD), one-third of these pa-
tients do not respond satisfactorily to antidepressant treatments
(Rush et al., 2006). This rate may be even higher in patients with bi-
polar disorder (BPD) (Li et al., 2012). Patients who do not adequately
respond to at least 2 treatments are commonly labeled as presenting
treatment resistant depression (TRD) (Conway et al., 2017).

An emerging practice in the treatment of TRD is the use of sub-
anaesthetic doses of ketamine (Andrade, 2017a). Ketamine is racemic
mixture of two enantiomers, S-ketamine (esketamine) and R-ketamine

(Andrade, 2017b), that acts as a N-methyl-D-aspartate receptor an-
tagonist (Gao et al., 2016). Ketamine is seen as filling a clinical role
similar to the one occupied by electroconvulsive therapy (ECT): pro-
viding significant reductions in depressive symptoms for the most se-
verely ill patients (Kellner and Iosifescu, 2017). Several authors have
investigated its effectiveness in the rapid management (within 24
hours) of major depressive episodes with promising results
(McGirr et al., 2015). The United States Food and Drug Administration
has recently approved esketamine in the treatment of TRD
(USFDA, 2019); however, in regards to ketamine, several outstanding
questions have yet to be answered concerning the onset and the dura-
tion of its effectiveness in treating TRD, and how these variables are
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affected by the frequency of administration.
The objective this systematic review (SR) and meta-analysis was

twofold: to evaluate the effectiveness of intravenous ketamine infusion
for patients presenting TRD by examining changes in depression scores,
clinical remission and response rates, and to assess the efficacy of ke-
tamine on these measures over both time and frequency.

2. Methods

The SR and meta-analysis was developed according to a pre-
determined protocol, available upon request, and reported according to
the Preferred Reporting Items for Systematic Reviews and Meta-ana-
lyses: The PRISMA Statement (Moher et al., 2009).

2.1. Search and sources

The search process was conducted by an information specialist. The
final database strategies were developed based on the one devised for
PubMed, a strategy which was peer-reviewed (McGowan et al., 2016)
and judged to be adequate. Database searches were limited to English
or French references, to studies including human subjects, and to
publications from 2000 and onward. The following databases were
searched on the 3rd or 4th of January 2019: PubMed (NCBI), Medline
(Ovid), EMBASE (Ovid), PsycINFO (Ovid), the Cochrane Central Reg-
ister of Controlled Trials or CENTRAL (Cochrane Library – Wiley), and
the Cumulative Index of Nursing and Allied Health Literature or CI-
NAHL Complete (Ebsco). Grey literature and online sources were
searched in April 2019. The bibliographies of included studies were also
reviewed for additional references. Further search rationale and all the
strategies are presented in Supplemental File A.

2.2. Study selection

Three independent reviewers screened titles and abstract according
to the inclusion criteria mentioned below. All titles meeting these cri-
teria, or if in the case of doubt, were kept for full article reading which
was done independently by 2 reviewers who documented the reasons
for exclusion. In case of disagreement, a third reviewer was consulted to
reach a consensus.

All studies evaluating intravenous sub-anaesthetic dose of ketamine
administration in adults (≥18 years) diagnosed with major depressive
or bipolar disorder and presenting TRD, with or without a control
group, were included. Studies had to include clinician-rated or self-re-
ported outcome measures (depression scores, clinical response, remis-
sion rates or relapse) and be published in English or French starting
2000. All primary studies were considered. Studies were excluded if
they didn't meet the inclusion criteria, if participants presented a sec-
ondary depression, or if ketamine was evaluated as an adjunct to some
other study treatment (for example, ketamine as an add-on to electro-
convulsive therapy). However, studies in which participants did not
undergo a washout for their current medication were retained.

Studies included in the meta-analysis had to present data relating to
outcome measures at baseline, and at 4 hours, 24 hours, or 7 days
following a single intravenous ketamine infusion of 0.5 mg/kg for open
label trials (OLTs) and randomized controlled trials (RCTs). These time
points were chosen because the antidepressant response to ketamine
tends to peak within the first 24 hours, and decrease thereafter
(McGirr et al., 2015).

2.3. Assessment of risk of bias

The included primary studies were evaluated using the Downs and
Black checklist (Downs and Black, 1998) with the exception of case
studies. The tool includes five sections to evaluate the study quality:
reporting; external validity; internal validity — bias and cofounding —
as well as the power. The Joanna Briggs Institute (JBI) checklist

(Joanna Briggs Institute, 2017) was used to assess the quality of the
case studies. This tool evaluates 8 elements regarding the patients’
description (demographic, history, current clinical condition and di-
agnostic tests), the intervention or treatment procedure, the patients
post condition, adverse events description and the takeaway message. A
combination of 2 reviewers assessed independently the risk of bias and
disagreements between reviewers were solved by consensus or by
consulting a third reviewer.

2.4. Data extraction

Data were recorded by a combination of 2 independent reviewers
with subsequent validation and consensus in a structured fashion.
Standardized tables were set a priori and evaluated by all reviewers for
ambiguity before the extraction process. Data extracted included study
information, characteristics of participants, intervention and control
(where available) procedures, follow-up criteria, and detailed results.

2.5. Data analysis and synthesis

Clinician-rated outcome measures, as opposed to self-report mea-
sures, were the main source of data in the SR and meta-analysis because
the vast majority of the included studies used them solely to evaluate
ketamine's efficacy. All studies included in the SR were presented using
a narrative summary and tabulation. The results were analyzed ac-
cording to the time after the infusion (within, at, and after 24 hours),
type of infusion (treatment or maintenance), number of infusions
(single or multiple), and frequency of administration (multiple infu-
sions). Ketamine efficacy for depression scores was reported using both
individual and weighted standardized mean differences (SMD) using
Hedge's g (i.e. a variation of Cohen's d that corrects for biases due to
small sample sizes). Clinical response and remission rates, as well as the
time of relapse following the infusion were also reported.

Meta-analytic statistical comparisons were made using R Version
3.61 (R Core Team, 2019). A random-effects model was used to ex-
amine the grouped data extracted from the different studies. Random-
effects models are generally regarded as more accurate than fixed-ef-
fects models, which typically yield overly narrow confidence intervals
(Field and Gillett, 2010). Changes in depression scores were in-
vestigated by SMD using Hedge's g, and clinical response and remission
were evaluated using odds ratios (OR). Q statistics and I2 were used to
assess heterogeneity. The Q statistic indicates whether heterogeneity is
present or absent in the meta-analysis, and the I2 index quantifies the
degree of heterogeneity. Because the Q statistic has low power, alpha
level was set at 0.1, rather than .05, thereby increasing the chances of
finding heterogeneity(Higgins et al., 2003). Heterogeneity was deemed
low, moderate or high at I2 values of 25%, 50% and 75% respectively
(Higgins et al., 2003). Finally, to address concerns about possible pub-
lication bias, we used funnel plots (Duval and Tweedie, 2000), Ro-
senthal's fail-safe N (i.e. the number of missing studies that should be
added to make the combined effect size statistically insignificant)
(Rosenthal, 1979), and Egger's regression intercept (i.e. evaluates the
degree of funnel plot asymmetry) (Egger et al., 1997).

For the studies with multiple infusions included in the meta-ana-
lysis, only the outcome measures following the initial infusion was
used, and no additional ketamine was administered between the initial
infusion and any of the available evaluation time points mentioned
above.

3. Results

The search yielded 7576 references, and 3669 duplicates were re-
moved. On the basis of the inclusion and exclusion criteria, of the 3907
titles and abstracts screened, 594 were retained for full-text reading. Of
these, 559 were excluded with reasons (see Supplemental File B). Thus,
28 studies (in 35 publications) were included in this SR. Of these 28

W.S. Marcantoni, et al. Journal of Affective Disorders 277 (2020) 831–841

832



studies, 19 were included in the meta-analysis. The steps involved in
the selection of studies are illustrated by a PRISMA Flowchart in Fig. 1.

3.1. Studies characteristics

Twenty-eight studies in 35 publications evaluated the effect of ke-
tamine infusion in participants presenting TRD (see Supplemental File
C). Among these, 6 studies were published 2 or 3 times each: 1-
Su et al. (2017) and Chen et al. (2018a; 2018b), 2- Ann Het rot
et al. (2010) and Murrough et al. (2013b), 3- Murrough et al. (2015;
2013a), 4- Shiroma et al. (2014a; 2014b), 5- Thakurta et al. (2012a;
2012b)., and 6- Zheng et al. (2018) and Zhou et al. (2018). The number
of participants per study ranged from 1 to 99, with a total of 1000
participants. The description of the included studies is presented in a
supplemental table. Study designs varied between 11 open label stu-
dies, 8 double-blind randomized controlled clinical trials, 3 double-
blind cross-over randomized clinical trials, 2 case studies; 2 retro-
spective cases analyses, 1 cohort study, and 1 open-label pilot study.
The majority of the studies took place in the United States of America

(n = 19), followed by 2 each in Taiwan and Poland, and 1 each in
Canada, Iran, India, Czech, and China. In 13 of the studies
(Archer et al., 2018; Cao et al., 2018; Chen et al., 2018a; Fava et al.,
2018; Feifel et al., 2017; Ghasemi et al., 2014; Grunebaum et al., 2018;
Rasmussen et al., 2013; Shiroma et al., 2014a; Shiroma et al., 2014b;
Singh et al., 2016; Sos et al., 2013; Vande Voort et al., 2016;
Zheng et al., 2018; Zhou et al., 2018), participants continued to take
their antidepressant medications. In 2 case studies (Messer et al., 2010;
Messer and Haller, 2010), there was no information regarding washout
(i.e. whether or not ketamine was used as a single treatment or an add-
on to existing treatment). In 13 studies (aan het Rot et al., 2010;
Abdallah et al., 2017; Berman et al., 2000; Carlson et al., 2013;
Diazgranados et al., 2010; Ibrahim et al., 2011; Murrough et al., 2015;
Murrough et al., 2013a; Murrough et al., 2013b; Price et al., 2009;
Rybakowski et al., 2017; Rybakowski et al., 2013; Salvadore et al.,
2012; Thakurta et al., 2012a; Thakurta et al., 2012b; Zarate et al.,
2006), participants experienced 1 (n=3) or 2 (n= 10) weeks of
washout from antidepressant medications. Furthermore, in 7 of these
studies, a longer washout period was required for patients on

Fig. 1. PRISMA flowchart of study selection.
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Fluoxetine. Indeed, in 4 of these studies (aan het Rot et al., 2010;
Murrough et al., 2015; Murrough et al., 2013a; Murrough et al., 2013b;
Price et al., 2009; Thakurta et al., 2012a; Thakurta et al., 2012b) the
washout period lasted 4 weeks, and in 3 studies (Carlson et al., 2013;
Ibrahim et al., 2011; Salvadore et al., 2012) it lasted 5 weeks. In an-
other study (Rybakowski et al., 2017), participants were kept only on
mood stabilizers, and in another one (Diazgranados et al., 2010) they
were only kept on Lithium.

Nineteen studies were meta-analysed: 7 RCTs and 12 OLTs, totalling
818 subjects with TRD.

3.2. Quality assessment

Thirty three publications were assessed using the Downs and Black
checklist (Downs and Black, 1998). The average and standard deviation
of the overall score for the quality of the included publications was 20.2
(± 4.1) out of 28. This is considered fair to good quality. The main bias
identified was the lack of information regarding the power estimation
in these studies, with an average of 0.12 (± 0.33) out of 1. This was
followed by the internal validity- selection bias, with an average of 3.5
(± 1.73) out of 6. Moreover, two case studies were evaluated using the
Joanna Briggs Institute (JBI) checklist (Joanna Briggs Institute, 2017).
The overall appraisal was very good, except for the unclear patient
description for both studies, and the unclear post-intervention clinical
condition of the cases in one of the two studies. More details are pre-
sented in the Supplemental File D.

3.3. Systematic review

3.3.1. Depression scores
Sixteen studies provided data to calculate weighted effect size

averages of depression scores following a single infusion of 0.5mg/kg
ketamine (Abdallah et al., 2017; Berman et al., 2000; Carlson et al.,
2013; Chen et al., 2018a; Diazgranados et al., 2010; Fava et al., 2018;
Feifel et al., 2017; Grunebaum et al., 2018; Ibrahim et al., 2011;
Murrough et al., 2013a; Rybakowski et al., 2017; Salvadore et al., 2012;
Sos et al., 2013; Thakurta et al., 2012a; Thakurta et al., 2012b;
Zarate et al., 2006) for a total of 518 participants. The results show a
strong effect within 24 hours (1.012) and at 24 hours (0.96) post-in-
fusion. This effect tends to decrease after 2 to 7 days (0.63). However,
some authors report an increase in effect of 1.06 (Chen et al., 2018a;
Diazgranados et al., 2010; Rybakowski et al., 2017; Rybakowski et al.,
2013) between 14 and 26 days post-infusion. More details are provided
in Supplemental File E (Table A).

Nine studies, for a total of 269 participants, examined the effect of
multiple infusions of 0.5mg/kg ketamine on depression scores (aan het
Rot et al., 2010; Archer et al., 2018; Ghasemi et al., 2014;
Rasmussen et al., 2013; Shiroma et al., 2014a; Shiroma et al., 2014b;
Singh et al., 2016; Vande Voort et al., 2016; Zhou et al., 2018). The
frequency and number of infusions ranged from twice a week (for 2, 3,
or 4 weeks or until remission) to 3 times a week (for 1, 2, or 4 weeks).
However, there was insufficient data to analyze the effects of all fre-
quencies of administration. Only the effect of 6 infusions administered
3 times a week could be analyzed (aan het Rot et al., 2010; Price et al.,
2009; Shiroma et al., 2014a; Shiroma et al., 2014b; Vande Voort et al.,
2016; Zhou et al., 2018). Compared to single infusions, multiple infu-
sions result in larger effects 4 hours (1.75) and 24 hours (1.73) after the
last infusion. More details are provided in Supplemental File E (Table
B).

3.3.2. Clinical response
Clinical response was commonly defined in the studies as a 50%

reduction in depression scores relative to baseline. Clinical response
rates following a single infusion of 0.5mg/kg ketamine were reported in
15 studies published in 18 articles (aan het Rot et al., 2010;
Abdallah et al., 2017; Cao et al., 2018; Carlson et al., 2013; Chen et al.,

2018a; Diazgranados et al., 2010; Fava et al., 2018; Feifel et al., 2017;
Murrough et al., 2013a; Murrough et al., 2013b; Rybakowski et al.,
2017; Rybakowski et al., 2013; Sos et al., 2013; Thakurta et al., 2012a;
Thakurta et al., 2012b; Zarate et al., 2006; Zhou et al., 2018), for a total
of 561 participants. The overall clinical response rates tend to increase
in the week following the infusion (36.45% within 24 hours; 41.48% at
24 hours, and 47.55% after 2 to 7 days). However, the results of 2
studies (Chen et al., 2018a; Rybakowski et al., 2013) indicate a trend
towards a decrease between 7 and 14 days (39%). The analysis of re-
sponse rates following multiple infusions was not possible due to a lack
of data. More details are provided in Supplemental File E (Table A and
B).

3.3.3. Clinical remission
Clinical remission was commonly defined as an absence of depres-

sive symptoms, and is associated with depression scores ≤ 9 on the
Montgomery-Åsberg Depression Rating Scale (MADRS) or ≤ 7 on the
Hamilton Depression Rating Scale (HDRS). Data to calculate clinical
remission following a single infusion of 0.5mg/kg ketamine was
available in 9 studies published in 11 articles (Abdallah et al., 2017;
Diazgranados et al., 2010; Feifel et al., 2017; Rybakowski et al., 2017;
Rybakowski et al., 2013; Shiroma et al., 2014a; Shiroma et al., 2014b;
Thakurta et al., 2012a; Thakurta et al., 2012b; Zarate et al., 2006;
Zhou et al., 2018), for a total of 283 participants. The results indicate
remission rates of 17.95% within 24 hours and 18.82% at 24 hours
post-infusion. However, the results of 2 studies (Rybakowski et al.,
2017; Rybakowski et al., 2013) indicate a trend towards an increase in
these rates between 2 and 7 days following the infusion (28.21%). More
details are provided in Supplemental File E (Table A).

3.3.4. Relapse
Relapse was commonly defined as a return of symptoms, or a loss of

more than 50% of the improvement in depression scores. Data on re-
lapse following a single infusion of 0.5mg/kg ketamine was available in
4 studies (aan het Rot et al., 2010; Berman et al., 2000;
Diazgranados et al., 2010; Zarate et al., 2006), for a total of 69 parti-
cipants. The mean time to relapse ranged from 6.8 days
(Diazgranados et al., 2010) to 30 days (aan het Rot et al., 2010). Re-
lapse rates for participants ranged from 33.33% after 1 week
(Diazgranados et al., 2010; Zarate et al., 2006) to 26.08% at 2 weeks or
more (Berman et al., 2000; Diazgranados et al., 2010; Zarate et al.,
2006). More details are provided in Supplemental File E (Table A).

3.3.5. Ketamine maintenance
Maintenance treatment was generally defined as ketamine infusions

administered after initial treatment to prolong its effects. The authors of
4 studies (aan het Rot et al., 2010; Archer et al., 2018; Messer and
Haller, 2010; Vande Voort et al., 2016) examined maintenance treat-
ment, for a total of 48 participants.

Relapses following the end of maintenance treatment were observed
at 1 week, 7 weeks and 3 months (aan het Rot et al., 2010). Further-
more, authors from 1 study (aan het Rot et al., 2010) reported an
average time to relapse of 19 days after 3 infusions per week over the
course of 2 weeks. In another study (Messer and Haller, 2010), authors
reported a time to relapse of more than 15 months after 1 infusion every
3 weeks (the period of the treatment was not reported).

Finally, the authors of 1 study (Archer et al., 2018) reported treat-
ment interruptions for 7/11 participants. Reasons for discontinuation
were patient or physician perception of ketamine ineffectiveness, "the
inconvenience of maintenance treatment" (4/7 participants), the pre-
sence of adverse events (1/7 participants), and other undocumented
reasons (2/7 participants). More details are provided in Supplemental
File E (Table B).
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3.4. Meta-analysis

3.4.1. Depression scores in placebo controlled randomized clinical trials
Data relating to ketamine effect on depression scores measured at

24 hours post-infusion in RCTs was available for 7 studies (Chen et al.,
2018a; Diazgranados et al., 2010; Fava et al., 2018; Grunebaum et al.,
2018; Murrough et al., 2013a; Sos et al., 2013; Zarate et al., 2006), and
for 3 at 7 days post-infusion (Murrough et al., 2013a; Sos et al., 2013;
Zarate et al., 2006). Overall, depression scores showed a significant
decrease following ketamine infusion relative to placebo, with a
SMD = 0.68 [95% CI=0.46, 0.90, z = 6.97, p < 0.0001]. Hetero-
geneity among the studies was not significant [Q = 9.92, p = 0.36,
I2 = 9.26%]. A subgroup analysis that examined the effect of time
revealed a larger ketamine effect on depression scores 24 hours post-
infusion [SMD = 0.77, 95% CI=0.46, 1.08] compared to 7 days
[SMD = 0.49, 95% CI=0.20, 0.78]. A trend towards statistical sig-
nificance was observed between these two subgroups [Q = 3.81,
df = 1, p = 0.051] (see Fig. 2). Since the majority of the RCT studies in
the analysis used participants diagnosed with MDD presenting TRD, the
lone exception being Diazgranados et al. (2010) who used BPD parti-
cipants, a sensitivity analysis limited to those studies with MDD was
carried out in order to determine whether the exclusion of studies with
BPD participants would influence the overall results. The sensitivity
analysis produced virtually identical results. Overall, depression scores
showed a significant decrease following ketamine infusion relative to
placebo, with a SMD = 0.69 [95% CI=0.44, 0.94, z = 6.31, p <
0.0002], and the ketamine effect was greater at 24 hours post-infusion
[SMD = 0.79, 95% CI=0.41, 1.17] compared to 7 days [SMD = 0.49,
95% CI=0.20, 0.78]. This difference remained statistically non-sig-
nificant [Q = 3.43, df = 1, p = 0.064] (see Fig. 3).

3.4.2. Clinical response in placebo controlled randomized clinical trials
Data relating to ketamine effect on clinical response 24 hours post-

infusion in RCTs was available for 7 studies (Chen et al., 2018a;
Diazgranados et al., 2010; Fava et al., 2018; Grunebaum et al., 2018;
Murrough et al., 2013a; Sos et al., 2013; Zarate et al., 2006), and for 4

at 7 days (Diazgranados et al., 2010; Murrough et al., 2013a; Sos et al.,
2013; Zarate et al., 2006). A significant difference in outcome favouring
ketamine was observed with a pooled OR of 6.33 [95% CI=3.33, 12.05,
t = 6.39, p < 0.0001]. Heterogeneity among the studies was not sig-
nificant [Q = 7.86, p = 0.640, I2 = 0%]. A subgroup analysis that
examined the effect of time revealed a larger ketamine effect on clinical
response at 24 hours post-infusion [OR = 7.39, 95% CI=2.50, 21.83]
compared to 7 days [OR = 5.09, 95% CI=1.88, 13.76]; however, this
difference did not reach statistical significance [Q = 0.47, df = 1,
p = 0.491] (see Fig. 4).

3.4.3. Clinical remission in placebo controlled randomized clinical trials
Data relating to ketamine effect on clinical remission at both 24

hours and 7 days post-infusion in RCTs was available for 4 studies
(Diazgranados et al., 2010; Murrough et al., 2013a; Sos et al., 2013;
Zarate et al., 2006). A significant difference in outcome favouring ke-
tamine was observed with a pooled OR of 5.11 [95% CI=2.15, 12.17,
t = 4.45, p < 0.003]. Heterogeneity among the studies was not sig-
nificant [Q = 3.31, p = 0.86, I2 = 0%]. A subgroup analysis that
examined the effect of time revealed a larger ketamine effect on clinical
remission at 24 hours post-infusion [OR = 6.53, 95% CI=1.13, 37.62]
compared to 7 days [OR = 4.18, 95% CI=0.71, 24.64]; however, this
difference was not statistically significant [Q = 0.33, df = 1,
p = 0.569] (see Fig. 5).

3.4.4. Depression scores in open label trials
Data relating to depression scores measured at 4 hours post-keta-

mine infusion in OLTs was available for 5 studies (Carlson et al., 2013;
Ibrahim et al., 2011; Salvadore et al., 2012; Thakurta et al., 2012b;
Zheng et al., 2018), for 10 at 24 hours (Abdallah et al., 2017;
Carlson et al., 2013; Feifel et al., 2017; Ghasemi et al., 2014; Price et al.,
2009; Rybakowski et al., 2017; Rybakowski et al., 2013;
Salvadore et al., 2012; Thakurta et al., 2012a; Zheng et al., 2018), and
for 3 at 7 days (Rybakowski et al., 2017; Rybakowski et al., 2013;
Thakurta et al., 2012b). Overall, depression scores showed a significant
decrease relative to baseline measures following ketamine infusion with

Fig. 2. Subgroup analysis of depression scores in participants receiving ketamine (intravenous infusion, 0.5 mg/kg) versus participants receiving a placebo com-
parator (TE, treatment effect; seTE, standard error of treatment effect; SMD, standardized mean difference).
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a SMD= 1.10 [95% CI=0.85, 1.35, t= 9.16, p< 0.0001]. A subgroup
analysis that examined the effect of time on ketamine effect produced a
similar pattern of results that were observed with RCTs. A significant
ketamine effect on post-infusion depression scores was observed at both
24 hours [SMD= 1.13, 95% CI=0.80, 1.47] and 4 hours [SMD= 1.08,
95% CI=0.34, 1.81]. Although the effect-size at 7 days remained high,
SMD = 1.03, it was no longer significant [95% CI=-0.69, 2.74]. The
differences between the subgroups were not statistically significant

[Q = 0.09, df = 2, p = 0.958] (see Fig. 6). As was the case for RCT
studies, the majority of OLT studies contained participants diagnosed
with MDD presenting TRD, the lone exceptions were studies from
Rybakowski (2017, 2013) that contained bipolar participants, and
Feifel et al. (2017) and Zheng et al. (2018) which contained a combi-
nation of both. A sensitivity analysis limited to those studies with MDD
participants showed a similar overall significant decrease in depression
scores relative to baseline measures following ketamine infusion with a

Fig. 3. Sensitivity analysis of depression scores in participants receiving ketamine (intravenous infusion, 0.5 mg/kg) versus participants receiving a placebo com-
parator (TE, treatment effect; seTE, standard error of treatment effect; SMD, standardized mean difference).

Fig. 4. Subgroup analysis of clinical response rates in participants receiving ketamine (intravenous infusion, 0.5 mg/kg) versus participants receiving a placebo
comparator (OR, odds ratio).
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SMD= 1.11 [95% CI=0.71, 1.52, t= 6,11 p< 0.0001], and this effect
was greater at both 24 hours [SMD = 1.24, 95% CI=0.69, 1.79] and 4
hours [SMD = 1.15, 95% CI=0.08, 2.23] post-infusion compared to 7
days post-infusion [SMD = 0.24 95% CI=-0.08, 0.56]. These differ-
ences were statistically significant [Q = 16.35, df = 2, p = 0.0003],
however it must be noted that the 7 days group contained only one
study (see Fig. 7).

There was significant heterogeneity among the OLT studies
[Q = 109.41, p <0.01, I2 = 84%], thereby suggesting that other
moderators exist. We identified 4 possible sources of heterogeneity in
our OLTs: 1) the use of ketamine as a single treatment or as an add-on to
existing treatment (i.e. whether or not the participants underwent a
washout period prior to infusion); 2) the severity of diagnosis prior to
the study (i.e. average depression scores of participants in the study,
moderate or severe); 3) the onset of the illness (lifetime length of ill-
ness); and 4) the length of the current depressive episode. Further
subgroup analyses were conducted in order to evaluate the effect of
these moderators on study heterogeneity, and were carried out on de-
pression scores measured at 24 hours post-ketamine infusion. This time
point was chosen because it offered the greatest number of studies
thereby providing more robust results.

3.4.4.1. Subgroup analyses at 24 hours post-ketamine infusion in open label
studies. No significant differences (p > 0.05) were observed in the
following subgroup comparisons. Data was available for 10 OLTs at 24
hours post-infusion (Abdallah et al., 2017; Carlson et al., 2013;
Feifel et al., 2017; Ghasemi et al., 2014; Price et al., 2009;
Rybakowski et al., 2017; Rybakowski et al., 2013; Salvadore et al.,
2012; Thakurta et al., 2012a; Zheng et al., 2018) for the subgroup
analyses examining ketamine's efficacy in participants who underwent
a washout period (SMD = 1.01, 95% CI=0.27, 1.75) versus those who
did not (SMD = 1.25, 95% CI=0.83, 1.68), and the severity of
diagnosis prior to the study, moderate (SMD = 1.07, 95% CI=0.65,
1.49) versus severe (SMD = 1.48, 95% CI=-0.11, 3.06). Data was
available from 8 OLTs at 24 hours post-infusion (Carlson et al., 2013;
Ghasemi et al., 2014; Price et al., 2009; Rybakowski et al., 2017;
Rybakowski et al., 2013; Salvadore et al., 2012; Thakurta et al., 2012a;
Zheng et al., 2018) for the subgroup analysis examining ketamine's
efficacy in participants whose lifetime length of illness was either long
(SMD = 1.20, 95% CI=0.16, 2.24) vs. those whose lifetime length of

illness was short (SMD = 0.89, 95% CI=0.43, 1.35). Median value of
the lifetime length of the illness in available studies was used to
establish the cut-off point in defining the groups: < 21 years was
defined as short and ≥ 21 years was defined as long. Data was available
from 6 OLTs at 24 hours post-infusion (Carlson et al., 2013;
Ghasemi et al., 2014; Rybakowski et al., 2017; Rybakowski et al.,
2013; Salvadore et al., 2012; Thakurta et al., 2012a) for the subgroup
analysis examining ketamine's efficacy in participants whose current
episode was either long (SMD = 0.87, 95% CI=0.18, 1.56) vs. those
whose episode was short (SMD = 1.05, 95% CI=-0.12, 2.23). Median
value of the current length of the illness in available studies was used to
establish the cut-off point in defining the groups; < 3.5 years was
defined as short and ≥ 3.5 years was defined as long. Heterogeneity
remained moderate to high in all but one subgroup (I2 ranged from 61%
to 87% with the exception of the severe diagnosis subgroup which had
an I2 of 0%) (see Supplementary File F).

3.4.5. Publication bias
The placebo-controlled RCTs produced a funnel plot which showed

a slight asymmetrical distribution indicating a marginal risk of pub-
lication bias. This was confirmed by the trim and fill procedure which
estimated two missing studies, and produced an adjusted SMD of 0.56
[95% CI=0.38, 0.75]. Publication bias was also verified using Egger's
regression intercept which was statistically significant [4.79 (t =3.17,
p = 0.0013)]. Rosenthal's fail-safe N, was 209. For the open label
studies, the associated funnel plot showed an asymmetrical distribution
suggesting a risk of publication bias, and this was confirmed by Egger's
regression intercept which was 9.62 (t=2.55, p< 0.021). The trim and
fill procedure estimated one missing study, and an adjusted overall
effect size of 1.03 [95% CI=0.76, 1.30]. Rosenthal's fail-safe N was
744.

4. Discussion

The results from the SR and meta-analysis suggest that a single
ketamine (0.5 mg/kg) infusion was effective in reducing depression
scores in TRD participants. This effect was observed as early as 4 hours
post-infusion, and peaked at 24 hours thereby providing evidence of the
rapid impact of ketamine on mood. Ketamine's effect was reduced at 7
days post-infusion, suggesting that its effectiveness was transient in

Fig. 5. Subgroup analysis of clinical remission rates in participants receiving ketamine (intravenous infusion, 0.5 mg/kg) versus participants receiving a placebo
comparator (OR, odds ratio).
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nature. Similar results have been reported by other authors
(Corriger and Pickering, 2019; McGirr et al., 2015).

The transient effectiveness of ketamine was also observed in both
clinical response and remission. The meta-analysis of RCTs showed that
at 24 hours following ketamine infusion, participants were 7 times
more likely to show a favourable clinical response than those receiving
a placebo comparator. This effect was reduced at 7 days post-infusion
with ketamine participants being 5 times more likely to show a fa-
vourable clinical result compared to those receiving a placebo com-
parator. The SR showed that the clinical response rates for participants
receiving ketamine in both RCTs and OLTs were 42% and 48% at 24
hours and 7 days post-infusion respectively. Clinical remission rates
followed the same trend as clinical response rates. Ketamine partici-
pants were 6 and 4 times more likely to show clinical remission at 24
hours and 7 days post-infusion compared to control groups. The SR
showed that the clinical remission rates for participants receiving ke-
tamine in both RCTs and OLTs were 19% and 28% at 24 hours and 7
days post-infusion respectively. Clinical response and remission rates
from our meta-analysis are comparable to those reported by
McGirr et al. (2015). However, it must be noted that their sample
consisted of participants who were diagnosed with a primary depressive

episode (unipolar or bipolar), and not necessarily presenting TRD.
Unlike electroconvulsive therapy (ECT), which is still considered an

effective treatment approach in the management of TRD (Song et al.,
2015), the benefits of ketamine were observed within a few hours fol-
lowing a single infusion, rather than appearing after several weeks of
treatment. However, as is true for ECT, the major challenge with ke-
tamine is to sustain the obtained benefits which appeared to last about
one week after a single infusion. Based on the available studies that
assessed ketamine's effectiveness beyond 1 week, the SR showed that
clinical relapse occurred between 7 and 30 days in approximately a
quarter of the participants following a single ketamine infusion. Further
studies are needed to explore the long-term effectiveness and safety of
ketamine following a single infusion.

One approach in sustaining ketamine's obtained benefits is also
analogous to current practices of ECT, in that higher-frequency course
of treatments are followed by longer term, lower-frequency main-
tenance doses. Our SR assessed the sustainable benefits of ketamine
following multiple infusions, and showed that multiple ketamine infu-
sions (0.5 mg/kg, 3 times/ week over 2 weeks) not only enhanced its
effectiveness compared to a single infusion, but it also delayed clinical
relapse. This was also observed when ketamine was used in a

Fig. 6. Subgroup analysis of depression scores in participants receiving ketamine (intravenous infusion, 0.5 mg/kg) relative to pre-infusion baseline measures (TE,
treatment effect; seTE, standard error of treatment effect; SMD, standardized mean difference).
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maintenance schedule with participants who responded to the initial
treatment. While these results are promising, the potential safety and
side-effects of repeated long-term administration, which are of major
concern not only for health practitioners (Zhang et al., 2016), but for
patients as well (Jilka et al., 2019), must be addressed. Because keta-
mine's effectiveness is short lived, patients will require repeated treat-
ment over a long period of time, similar to other antidepressants. Long-
term administration of ketamine, combined with its addictive proper-
ties and the vulnerability of the target population, increases the risk of
abuse (Kolar, 2018). The treatment guideline in Canada for the man-
agement of adults with major depressive disorder, the Canadian Net-
work for Mood and Anxiety Treatments (CANMAT), has stressed that
ketamine is not only associated with psychotomimetic side effects but
also the potential for abuse (Kennedy et al., 2016). It has also been
recommended that any off-label administration of ketamine should be
carried out in a tightly controlled environment, and an assessment of
history of substance abuse should also be compulsory (Zhang et al.,
2016). While the safety and side-effects following a short-term keta-
mine (acute) administration are well documented (i.e. disassociation,
elevated blood pressure), further studies are needed to investigate the
cumulative and long-term risks of repeated ketamine administration
(Kennedy et al., 2016; Singh et al., 2016).

Some important limitations in this review need to be addressed. The
first was the lack of consensus on a definition of TRD. More than 10
different definitions have been reported in the literature, ranging from
no response to one antidepressant to non-response to two or more an-
tidepressants of different classes (Berlim and Turecki, 2007). While the
majority of studies in our review defined TRD as an inadequate

response to 2 or more treatments, 3 studies defined it as an inadequate
response to 3 or more treatments (Abdallah et al., 2017; Chen et al.,
2018a; Murrough et al., 2013a), 1 study defined it as an inadequate
response to 4 or more treatments (Feifel et al., 2017), 1 study defined it
as an inadequate response to 5 or more treatments (Archer et al., 2018),
and yet another to only 1 or more treatment (Diazgranados et al.,
2010). Six studies provided no information on the number of failed
responses when classifying their participants as TRD (Berman et al.,
2000; Ghasemi et al., 2014; Grunebaum et al., 2018; Messer et al.,
2010; Rybakowski et al., 2013; Sos et al., 2013). The difficulty in es-
tablishing a consensus definition on the objective criteria for resistance
(number of treatment sequences, treatment composition, proposed
doses of antidepressants, duration of treatment) results in significant
disparities when classifying patients as TRD, and by extension may
influence study outcomes measuring ketamine's effectiveness.

Second, the studies in this SR varied not only in terms of how TRD
was defined, but also in terms of patient diagnosis. The majority of
studies included only individuals diagnosed with MDD. Three studies
included participants diagnosed with BPD only (Diazgranados et al.,
2010; Rybakowski et al., 2017; Rybakowski et al., 2013), and 5 studies
included participants diagnosed with either MDD or BPD (Archer et al.,
2018; Feifel et al., 2017; Rasmussen et al., 2013; Vande Voort et al.,
2016; Zheng et al., 2018). A sensitivity analysis confirmed ketamine
was effective in MDD participants; however, a lack of available data
prevented us from comparing ketamine's efficacy in these 2 popula-
tions. Other authors have addressed this matter, and reported that ke-
tamine was more effective in MDD than in BPD (Fond et al., 2014;
McGirr et al., 2015). However, the sample size for the BPD participants

Fig. 7. Sensitivity analysis of depression scores in participants receiving ketamine (intravenous infusion, 0.5 mg/kg) relative to pre-infusion baseline measures (TE,
treatment effect; seTE, standard error of treatment effect; SMD, standardized mean difference).
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in both reports was small (n=27). Further studies are warranted to
confirm the differential effect of ketamine in these 2 classes of mood
disorders.

Third, heterogeneity in the meta-analysis for RCTs was low
(I2 = 0%), whereas it was high (I2 = 84%) in the OLTs. Despite the fact
that RCTs and OLTs studies differed greatly in their heterogeneity, they
produced similar trends at 24 hours and 7 days post-infusion.
Furthermore, although effect sizes varied across the OLTs, significant
ketamine effects were reported in all studies at 4 hours and 24 hours
post-infusion, and 2 of the 3 studies at 7 days post-infusion. We at-
tempted to identify 4 possible sources of heterogeneity in the OLTs: 1)
presence or absence of a washout, 2) average depression scores of study
participants, 3) lifetime length of illness, and 4) current episode length.
Heterogeneity remained high in all subgroups, and none of the above
subgroup comparisons resulted in statistically significant results. These
results suggest that ketamine's efficacy was the same regardless of
whether the participant used ketamine as a single treatment or an add-
on to an existing treatment, how severe their diagnosis was, or how
long they have been ill. This has important clinical implications in that
ketamine can impact mood in a very heterogeneous population of pa-
tients. With regards to ketamine's efficacy in participants undergoing a
washout period versus those who did not (single use vs. add-on), similar
results were observed by Fond et al. (2014). The authors reported that
ketamine was equally effective in reducing depression scores in both
groups.

Fourth, the small number of studies in some analyses, notably on
ketamine's efficacy at 7 days and beyond, may have caused artificially
high effect sizes (Button et al., 2013). In the meta-analysis, OLTs 7 days
subgroup assessing depression scores contained only 3 studies
(Rybakowski et al., 2017; Rybakowski et al., 2013; Thakurta et al.,
2012b). Although the subgroup was no longer statistically significant,
the measured effect size was moderate/strong, and heterogeneity was
high (I2 = 94%). The small sample size, along with high heterogeneity,
may have resulted in an overestimation of the effect in this subgroup.
Despite this, the effect size observed at 7 days post-infusion in OLTs
reflected a decrease in ketamine's efficacy from previous time points,
results that were seen in our RCTs studies, and reported elsewhere as
well (McGirr et al., 2015).

Finally, meta-analyses have often been criticized for combining
heterogeneous studies, for the inclusion of poor-quality trials, and for
their potential of publication bias. However, in the present study these
concerns were addressed by the objective examination of the quality of
the studies (which was found to be fair to good quality), publication
bias (marginal risk) and measures of heterogeneity (use of subgroup
analyses).

This SR with meta-analysis has many strengths. First, the number of
participants included is considered significant for an innovative inter-
vention. Second, pooling the study effect-sizes in the meta-analysis
highlights the difference in depression measures attributed to the effect
of ketamine, and rule out some of the confounding factors without
adding the bias of the sample size. Furthermore, as the heterogeneity
among the studies was considered significant, several subgroup ana-
lyses were performed to rule out the effect of these moderators. This
allowed us to examine how ketamine's efficacy is affected by other
factors such as current treatment medication or diagnosis severity.
Important information regarding clinical response, remission, and re-
lapse following single infusion, multiple infusions, or maintenance
treatment were presented using, when possible, different quantitative
analysis such as effects-sizes.

5. Conclusion

This systematic review with meta-analysis shows that ketamine was
effective in significantly improving depression measures in TRD parti-
cipants during the first 24 hours, with a subsequent decrease in its effect
in the following 7 days. The results provide support for the use of

ketamine in the rapid management of depressive symptoms. However,
while this treatment appears promising in the short-term, more clinical
and experimental data is needed with regards to the efficacy and safety
of long-term administration of ketamine.
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