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ABSTRACT

Introduction: Ketamine treatment is capable of
significant and rapid symptom improvement in
adults with treatment-resistant depression
(TRD). A limitation of ketamine treatment in
TRD is the relatively short duration of time to
relapse (e.g., median 2–4 weeks). The objective
of the systematic review herein is to identify
strategies capable of prolonging the acute effi-
cacy of ketamine in adults with TRD.

Methods: PubMed/MEDLINE databases were
searched from inception to December 2020 for
clinical studies written in English using the
following key terms: ketamine, prolong, and
depression. A total of 454 articles were identi-
fied from the literature search which included
all clinical studies regarding prolonging the
antidepressant effects of ketamine. Twenty-two
articles were included: ten randomized con-
trolled trials (RCTs), eight prospective open-la-
bel trials, one retrospective chart review, and
three case reports. The Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
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(PRISMA) guidelines were used for data extrac-
tion. The primary outcome was prolonged
effect, defined as statistically significant
antidepressant effects following acute ketamine
treatment.
Results: A total of 454 articles were identified,
and 22 articles were included. Different treat-
ment modalites including pharmacological
interventions, manualized-based psychothera-
pies, electroconvulsive therapy, transcranial
magnetic stimulation, and intravenous
monotherapy were examined to determine
their impact on the prolongation of antide-
pressant effects following acute ketamine treat-
ment. No treatment modality, other than
repeat-dose IV ketamine, has demonstrated
ability to significantly prolong the acute effi-
cacy of IV ketamine in TRD.
Conclusion: Hitherto, available open-label data
and controlled trial data support repeat
administration of IV ketamine as an effective
strategy to prolong the efficacy of ketamine’s
antidepressant effects (although not the focus
of the study herein, maintenance repeat-dose
esketamine treatment is proven effective in
esketamine responders). There is a need to
identify multimodality strategies that are safe
and capable of prolonging the efficacy of keta-
mine in adults with TRD.

Keywords: Anxiety; Bipolar disorder;
Depression; Esketamine; Ketamine; Major
depressive disorder; Suicidality; Treatment-
resistant depression

Key Summary Points

Up to 40% of patients with major
depressive disorder fail to achieve
syndromal and functional recovery with
conventional monoamine-based
antidepressants. Prolonging the rapid
significant antidepressants effects of IV
ketamine in persons with treatment
resistant depression is a priority research
vista. Esketamine has demonstrated both
acute and maintenance efficacy in adults
with treatment resistant depression.

We explored strategies to prolonging
ketamine’s efficacy in adults with
treatment-resistant depression.

We identified 454 articles within our
literature search and included 22 articles
for data extraction.

No modality of treatment has
demonstrated ability to sufficiently
prolong the acute efficacy of ketamine in
treatment resistant depression; however,
some modalities of treatment showed
promising results.

There remains a need to identify
multimodality strategies that are safe and
capable of prolonging efficacy of
ketamine.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14291405.

INTRODUCTION

Major depressive disorder (MDD) is a common
mental disorder that causes severe functional
impairment affecting approximately 10–20% of
individuals at some time in their life [1].
Notwithstanding the availability of disparate
psychopharmacological and psychological
therapies for treating MDD, up to 40% of
patients fail to achieve syndromal and func-
tional recovery [2, 3]. For example, the
Sequenced Treatment Alternatives to Relieve
Depression (STAR*D) study reported that
approximately half of patients with MDD failed
to achieve remission of depressive symptoms
following two sequential courses of conven-
tional treatment [4]. In addition to suboptimal
acute treatment outcomes in MDD, mono-
amine-based treatments require 2–3 weeks
before a clinically significant effect may be
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observed [5, 6]. The foregoing therapeutic iner-
tia contributes to ongoing disability, psycho-
logical dysfunction and risk for suicide [3, 5].

During the past two decades, the rapid
antidepressant effects of ketamine have been
reported in adults with treatment-resistant
depression (TRD) [7]. Racemic ketamine, as well
as esketamine, have demonstrated significant
and rapid symptom improvement as well as
anti-suicidality effects in adults with TRD
[8–10]. Notwithstanding the efficacy of keta-
mine in adults with TRD, a major limitation is
the relatively short duration to relapse (e.g.,
median 2–4 weeks) [11].

Multiple clinical studies have reported the
maintenance antidepressant effects of repeat
sub-anesthetic dose intravenous (IV) ketamine
for up to 6 weeks, with replicated large effect
sizes [9, 12–14]. Compared to conventional
antidepressants, IV ketamine is differentiated by
(1) efficacy in patients with TRD, (2) a relatively
rapid onset of therapeutic effect, and (3) pre-
liminary evidence for reducing suicidality
[10, 15]. From a tolerability and safety perspec-
tive, an additional, albeit not treatment-limit-
ing concern with ketamine is the potential for
dissociation, as well as vasopressor effects
[16–18]. Evaluating the long-term effectiveness
of ketamine is limited by a dearth of long-term
controlled trial data [13, 19].

The objective of this systematic review is to
identify strategies that are capable of prolong-
ing efficacy of IV ketamine in adults with TRD.
The focus is on IV racemic ketamine rather than
esketamine, as esketamine has demonstrated
maintenance of efficacy as part of a randomized
controlled trial (RCT) wherein repeat-dose
esketamine was associated with a prolonged
time to relapse when compared to placebo.
Thus, the best evidence for prolonging the effi-
cacy of esketamine is to continue repeat-dose
esketamine [20].

Herein, we focused on identifying strategies
that prolong the antidepressant effects of IV
ketamine in adults with TRD. Further, we
specifically study the possible synergistic effects
and evaluate evidence for (1) prolonged keta-
mine antidepressant effect combined with psy-
chopharmacological continuation therapy, (2)
prolonged ketamine antidepressant effect

combined with a psychological therapy, and (3)
efficacy of repeated IV ketamine treatment.

METHODS

Our search adhered to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines and examined ways of
prolonging the antidepressant effect of keta-
mine in patients with TRD.

Studies were identified by searching
PubMed/MEDLINE from inception to December
2020 for clinical studies (e.g., case reports,
chart reviews, clinical trials). Included studies
discussed methods of prolonging the antide-
pressant effects of IV ketamine administration
in individuals with TRD. The following search
terms were used: ((ketamine OR esketamine OR
s-ketamine OR r-ketamine) AND (treatment-re-
sistant depress* OR TRD OR resistant OR treat-
ment refract* depress* OR MDD OR depress* OR
major depress*) AND (prolong* OR continu* OR
repeat* OR maintenance OR sustain*)). ‘‘Pro-
longed effects’’ were defined as statistically sig-
nificant (P\ 0.05) antidepressant effects
following acute IV ketamine treatment known
to last up to 7 days [21] and ‘‘repeated IV keta-
mine treatment’’ defined as more than one
instance of IV ketamine treatment beyond acute
treatment. All studies were written in English
and were conducted in human subjects. Further
relevant articles were identified manually
through a search of article reference lists. Dif-
ferent studies within this systematic review
were compared across a variety of categories
including antidepressant effects, safety and tol-
erability, and limitations. As a result of differ-
ences in treatment design, dosage, and
treatment frequency, the statistical power of
this systematic review remains limited.

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.
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RESULTS

Search Results

The initial search yielded 454 records in
PubMed/MEDLINE, and 399 records after the
removal of duplicates (Fig. 1). After title and
abstract screening, 362 records were excluded
and 37 full-text articles were assessed for eligi-
bility. We included 22 articles in this review: 10
RCTs, 8 prospective open-label trials, 1 retro-
spective chart review, and 3 case reports (1–28
cases per article). A summary of the 18
prospective studies and 4 retrospective studies
(i.e., case reports, chart reviews) can be found in
Tables 1 and 2, respectively.

Prospective Studies Assessing Prolonging
Ketamine’s Antidepressant Effects in MDD

A total of ten RCTs and eight open-label trials
(Table 1) were identified that assessed the
extension of racemic IV ketamine’s antidepres-
sant effect using a pharmacological interven-
tion (i.e., clonidine, D-cycloserine, lamotrigine,
lithium, rapamycin, riluzole; k = 5), psy-
chotherapy (i.e., cognitive behavioral therapy
[CBT]; k = 1), electroconvulsive therapy (ECT)
(k = 1), or IV ketamine monotherapy (k = 9).
The majority of prospective studies (12/18)
included repeat ketamine infusions
[12, 13, 22–25, 27–32].

Of the six studies involving oral agents con-
current with ketamine (pooled n = 177), all
studies, except one, reported no statistically
significant effect of the adjunct intervention
compared to ketamine alone. The exception
was a RCT completed by Abdallah et al. [33],
where a single dose of rapamycin (6 mg) prior to
a single dose of IV ketamine showed signifi-
cantly higher response and remission rates after
2 weeks. Between the rapamycin and placebo
trail completers, higher response rates (41%)
and remission rates (29%) were reported in the
preinfusion rapamycin treatment group com-
pared to the response rates (13%) and remission
rates (7%) in the placebo arm (P = 0.04,
P = 0.003 respectively).

In a 32-day RCT (n = 26) by Mathew et al.
[34], daily riluzole continuation (100–-
200 mg/day) did not significantly prolong post-
ketamine relapse after 1 month [34]. Time-to-
relapse was the primary outcome measure.
During the 32-day trial, riluzole did not
demonstrate a significant difference in time-to-
relapse compared to the placebo group, who
only received 0.5 mg/kg IV ketamine and a
placebo add-on (24.4 days vs 22.0 days;
P = 0.68), with a relapse rate of 80% vs 50% for
the riluzole and placebo trial completers,
respectively. As a result of the foregoing relapse
rates, the RCT was terminated prematurely [34].
Furthermore, no significant improvements were
found in Montgomery–Asberg Depression Rat-
ing Scale (MADRS) scores post-ketamine treat-
ment (P = 0.36) [34].

Fig. 1 Flowchart outlining the systematic literature
research using PubMed/MEDLINE
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While no other studies were terminated
prematurely, similar, non-significant outcomes
were observed in some studies, including no
statistically significant differences in sustained
reduction of depression (sustained reduction
rate 40% vs 20%) in an 8-week RCT (n = 20) by
Lenze et al. [35]; no Hamilton Depression Rat-
ing Scale (HAM-D) reductions between D-cy-
closerine (DCS) or placebo in follow-up
(P = 0.30) in a 6-week RCT (n = 32) by Chen
et al. [20]; and no differences between treat-
ment groups in continuing the antidepressant
effect of IV ketamine in a 2-week RCT (n = 34)
by Costi et al. [24].

In a 4-week RCT (n = 42) by Ibrahim et al.
[26], no significant improvements in MADRS
score were observed between treatment groups
after week 4. Moreover, no significant difference
in days-to-relapse were observed, with 17.2 and
9.8 days to relapse in the ketamine–riluzole (a
single dose of 0.5 mg/kg IV ketamine then
100–200 mg daily of riluzole) and the ketami-
ne–placebo groups, respectively (0.5 mg/kg IV
ketamine then placebo once daily).

The response and relapse rate in six studies
studying oral agents (i.e., clonidine, D-cycloser-
ine, lamotrigine, lithium, rapamycin, and rilu-
zole) concurrent with IV ketamine were widely
reported (k = 5/6 [20, 26, 33–35]; k = 3/6
[24, 26, 34], respectively). The total mean
response rate for oral agents in these RCTs was
56.6% (72/127). Furthermore, the foregoing
studies reported a total relapse rate of 64.1%
(25/39) at the end of their study durations.

Within the foregoing six studies, the primary
aim was to prolong the efficacy of ketamine
using an oral agent as continuation therapy. All
six oral continuation trials were well tolerated
without any significant safety concerns repor-
ted. Three trials had no significant reported
dissociative effects [20, 26, 35]; however, the
remaining three trials [24, 33, 34] did report
significant, although mild and transient disso-
ciative effects.

An open-label trial (n = 16) by Wilkinson
et al. [31] evaluated repeat-dose ketamine infu-
sions of 0.5 mg/kg (up to four infusions)
administered over 2 weeks, concurrent with 12
sessions of CBT over 10 weeks. In this sample all
patients were diagnosed with MDD, ongoing

major depressive episode (MDE), and treatment
resistance, defined as a lack of response to at
least two antidepressant trials in their current
episode. A significant antidepressant effect was
observed following 2 weeks of IV ketamine
treatment with 50% (8/16) of patients as
responders and 43.8% (7/16) of patients as
remitters. For responders (5/8), the median time
to relapse following ketamine treatment was
12 weeks, whereas nonresponders only had sig-
nificant improvement in MADRS scores until
week 3 and showed no further improvement
thereafter. Remitters (3/7) maintained remis-
sion until week 4, with some patients (2/7)
maintaining clinical remission until 8 weeks
post-ketamine treatment. Responders (2/8)
reported a relapse at week 8 post-ketamine
treatment. Adverse effects were not recorded in
the study [31].

In a smaller RCT (n = 29), Yoosefi et al. [36]
assessed the efficacy of IV ketamine with
thiopental in patients receiving ECT (primary
outcome). Patients were randomized to receive
either 2–3 mg/kg of IV thiopental or 1–2 mg/kg
of IV ketamine, followed by thrice weekly ECT
for 2 weeks. In patients diagnosed with MDD, a
history of treatment resistance to previous
antidepressant trials and an ongoing MDE with
moderate-to-severe symptoms based on a
Hamilton Depression Rating Scale (HDRS) of 18
or higher was associated with significant
antidepressant effects within 48 h of the ECT in
only the ketamine group (P = 0.002).

It was reported that no significant differences
between HAM-D improvements in treatment
groups were observed at the end of the study.
Subjects in the ketamine group demonstrated
significant improvement in cognitive function,
as indicated by a paired samples t test analysis of
Mini-Mental State Examination (MMSE) scores
(P = 0.004). Conversely, the improvement in
cognitive function as measured by the MMSE
scores was not significant in the thiopental
group (P = 0.37). No adverse effects from either
the ketamine or the ECT treatment were
reported.

Nine studies ranging in duration from
12 days to 6 weeks analyzed antidepressant
effects in IV ketamine monotherapy and time to
relapse [12, 13, 22, 25, 27–30, 32]. The included
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patients were diagnosed with MDD and were
treatment resistant, defined as a lack of response
to varying numbers of antidepressant trials. Of
these prospective studies, eight were open-label
trials [12, 13, 22, 25, 27, 28, 30, 32] and two
were RCTs [29, 32] with a total of 166 patients
receiving repeated ketamine monotherapy. As a
result of the disparate dosing intensity as well as
frequency of ketamine administration, the
mean response rate reported in those that
completed all ketamine infusions also varied
from 25% [32] to 92% [30], both in open-label
trials. The total mean response rate for these
repeat-ketamine trials was 64.2% (95/148). The
reported relapse rate was 77.8% (63/81). Simi-
larly, the mean time until relapse following the
final ketamine infusion varied from 16 days [30]
to 24 days [34], both in open-label trials. All
nine IV ketamine monotherapy trials were
reported with good profiles of tolerability and
safety, with no significant differences in adverse
effects or discontinuation between treatment
groups. Moreover, most reported adverse events
were transient and mild in dissociation
[12, 13, 22, 25, 27, 28, 30, 32].

The criteria for response varied within the
selected studies; for example, most of the
prospective studies (14/18) used the definition
of at least 50% reduction in MADRS scores
compared to the baseline or the previous keta-
mine infusion [12, 13, 21, 22, 26–31, 33–35, 37].
Four studies, all involving up to six repeat-ke-
tamine infusions over a period of 12–14 days,
recorded depressive symptoms using MADRS
scores [12, 22, 28, 30]. The foregoing studies
reported similar baseline scores with a mean
MADRS baseline score of 30.85 ± 1.66. Conse-
quently, MADRS score between these studies
improved significantly within 24 h, with aan
het Rot et al. [22] reporting 6.9 ± 2.8 and
Murrough et al. [28] reporting 18.8 ± 5.5. At
study endpoint, MADRS scores showed further
variation observed at 29.7 ± 6.4, 18.9 ± 6.6,
and 5.4 ± 3.4, respectively [12, 22, 28]. Of the
trials reporting study endpoint MADRS scores,
the duration of ketamine infusions also varied
from 40 to over 100 min [12, 22, 28].

Other studies (4/18) using the HDRS defined
response as at least 50% improvement in HDRS
scores [20, 25, 32, 36] (Table 1). Two similar

studies, both using repeat ketamine with a
study duration of 3 weeks, recorded depressive
symptoms using HDRS scores [25, 32]. The two
other studies [25, 32] included participants with
moderate-to-severe symptom severity on the
HDRS at baseline (i.e., HDRS scores of
31.6 ± 5.2 and 28.6 ± 4.8, respectively). The
antidepressant effects observed at week 3 did
not endure, with each study group reporting
relapse rates of 83.3% (10/12) and 80% (4/5),
respectively [25, 32].

Retrospective Studies Assessing
Prolonging Ketamine’s Antidepressant
Effects for MDD

Retrospective studies including one chart re-
view (28 cases) [2] and three case reports (with
1–3 cases per article) [38–40] were identified. A
total of four patients received psychopharma-
cological and psychological therapies, and 28
patients received transcranial magnetic stimu-
lation (TMS), to prolong the antidepressant
effects of IV ketamine (Table 2). All patients
enrolled in the retrospective studies were diag-
nosed with TRD and reported suicidal ideation
[2, 38–40]. Best et al. [2] reported (n = 28) on the
efficacy of combination TMS with ketamine
(CTK). The course of treatment involved 10–30
sessions of coincident treatment of 0.4–2.3 mg/
kg IV ketamine (20 min) and high-output TMS
(30 min). A significant mean reduction in
Clinical Global Impression-Severity (CGI-S) fol-
lowing CTK treatment was observed (P
B 0.0001), along with a sustained effect 2 years
post-CTK treatment (a = 0.01; t = 27.36;
P\ 0.0001). Long-term efficacy was reported
with a mean difference in CGI-S scores from
baseline to 2 years following completion of
treatment of 4.68 ± 0.47 [2].

In the three case studies, patients were given
repeat-dose ketamine infusions, followed by
maintenance ketamine infusions if deemed
necessary [38–40]. Overall, IV ketamine infu-
sions were well tolerated and deemed safe
[2, 38–40], with significant dissociative effects
only reported in one case study [40], and other
mild, transient dissociative effects reported in
all studies [2, 38–40] (Table 2). The
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antidepressant effects reported by Best et al.,
demonstrate a promising mean reduction in the
CGI-S group value from 6.1 ± 0.8 to 1.7 ± 0.7
[2]. The prolongation of ketamine’s initial
antidepressant effect was observed in all four
retrospective studies [2, 38–40], with sustained
effects varying greatly from 17 days to 2 years
with varying adjunct treatment types, dosages,
and frequency of dosages [38]. All studies
included patients that had TRD, with some
patients being unsuccessfully treated previously
with upwards of 24 medication trials and 273
ECTs [39].

DISCUSSION

As part of this systematic review, ten RCTs
(N = 266 patients receiving ketamine), eight
prospective open-label trials (N = 115 patients
receiving ketamine), and four retrospective
studies (total N = 34 patients receiving keta-
mine) were included, for a total of 415 patients
receiving IV ketamine for TRD. The quality of
studies varied and were characterized by a lack
of control groups, lack of blinding, small sample
sizes (i.e., limited generalizability), and
heterogenous methodology for ascertaining and
recording adverse effects. Many of the RCTs
were of moderate to high quality. Taken toge-
ther, the evidence base is insufficient with
respect to concluding that any specific modality
of treatment (other than repeat-dose IV keta-
mine or intranasal esketamine) has demon-
strated safety and maintenance efficacy in acute
ketamine responders. Numerous themes ema-
nated and surrounded our analysis herein.

The extant literature contains numerous
studies that utilize repeat-dose IV ketamine
monotherapy as a means of sustaining the
antidepressant effects following ketamine infu-
sion. The most effective frequency of 0.5 mg/kg
dosing was deemed to be twice weekly [37]. All
studies included in this systematic review were
delimited to ketamine in their study protocol,
except for Loo et al. [27], and recorded ketamine
infusions about two or three times weekly.
There remains, however, a lack of sufficient data
with respect to IV ketamine dosing intensity
and frequency; a priority for future research.

Moreover, preliminary data suggests that
neurostimulatory and/or psychotherapeutic
strategies may possibly prolong the antidepres-
sant efficacy of ketamine [42, 43]. Regarding
psychotherapy which includes but is not lim-
ited to modalities like CBT, the initial outcome
of the open-label trial by Wilkinson et al. [31]
where up to four infusions of IV ketamine over
2 weeks were administered, concurrent with 12
sessions of CBT over 10 weeks, produced a
median relapse time of 12 weeks in the initial
responders to ketamine and offered some degree
of symptomatic benefit. The lack of control
group, however, precludes decisive conclusions
on the adjunctive effects of ketamine and CBT.

Best et al. [2] reported that rTMS combined
with ketamine resulted in a sustained reduction
of CGI severity for up to two years. TMS was well
tolerated with no treatment-limiting adverse
outcomes from this neurostimulation through-
out their study [2, 42]. It was also reported that
ECT was well tolerated with a suggestion of
greater efficacy in combination with ketamine.
The foregoing benefit was not limited by sig-
nificant cognitive impairment [36, 38, 39].

Another theme that arose from the current
systematic review was the absence of studies
evaluating whether oral agents could prolong the
antidepressant effects of IV ketamine. Oral agents
tested were clonidine [35], D-cycloserine [20],
lamotrigine [34], lithium [24], rapamycin [33],
and riluzole [26, 34], many of which had signifi-
cant limitations within their study protocol [35].
It is also reported that lithium dosed to achieve
higher peripheral levels may provide a more
robust and/or more sustained antidepressant
effect [24]. The overall response and relapse rates
(i.e., 59.1% and 64.1%, respectively) do not
appear significantly different from what is repor-
ted from repeat-dose IV ketamine monotherapy
(i.e., 64.2% and 77.8%, respectively).

There are several methodological aspects
that affect inferences and interpretations of our
findings. The overarching limitation is the lack
of large, replicated, rigorous, randomized con-
trol trials with well-characterized populations
and standardized outcome measures. A second
major limitation is the heterogeneity of popu-
lations that were studied as well as lack of suf-
ficient data with respect to patient
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Table 2 Summary of retrospective studies, including case series and case reports on prolonging ketamine treatment

Study No.
of
cases

Dose and duration Description Prolonged TRD

Best et al.
[2]

28 Frequency of treatment was dependent on
patient responsiveness (10–30 sessions)

CTK included pre-treatment with rTMS,
ketamine 0.4–2.3 mg/kg IV until patient
stiffened, and then TMS was administered

Chart review of patients with TRD who
received combination therapy with TMS
and ketamine (CTK) to determine the
efficacy of the combined antidepressant
therapies. A significant mean reduction in
CGI severity following CTK treatment
completion was observed (P B 0.0001).
This reduction was sustained for 2 years
following treatment completion
(P B 0.0001). CTK allowed for greater
TMS intensities than would otherwise be
tolerated. CTK was well tolerated, with no
treatment-limiting adverse outcomes
throughout the study

Y Y

Messer et al.
[38]

2 Patient A: 6 doses of ketamine 0.5 mg/kg IV
(on days 1, 3, 5, 7, 9, 11)

Patient B: 2 doses of 0.5 mg/kg IV (on days
1, 7) and 4 saline infusions (on days 3, 5, 9,
11)

A 50-year-old man with a history of
depression and concomitant suicidal
ideation with comorbid sleep apnea and
obesity was treated with 11 medication
trials and seven right unilateral ECTs and
reported no change in mood. He received
six doses of ketamine intravenously every
other day during a 12-day period. He
achieved a sustained clinical response
(BDI B 18) on day 4 with only mild,
transient adverse effects; his response
lasted until day 39. Repeated treatments of
ketamine every other day for 12 days
produced sustained remission of his
depressive symptoms

A 45-year-old man with a history of
treatment-resistant major depressive
disorder with comorbid hypertension was
treated with 9 medication trials and 105
ECT treatments, producing short-term and
long-term memory loss, and an incomplete
recovery from depression. He also received
implantation of a vagal nerve stimulator
5 years prior. He received two doses of
ketamine intravenously on days 1 and 7
within the 12-day period, and saline
on days 3, 5, 9, and 11. His MMSE score
was 30 at baseline. He achieved a sustained
clinical response (BDI B 18) on day 2
with only mild, transient adverse effects;
his response lasted until day 24. Repeated
treatments of ketamine twice produced
sustained remission of his depressive
symptoms

Y Y
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Table 2 continued

Study No.
of
cases

Dose and duration Description Prolonged TRD

Messer et al.
[39]

1 Three doses of ketamine 0.5 mg/kg IV every
other day for 5 days, followed by 3 series
of 6 doses of ketamine 0.5 mg/kg IV given
over 16 weeks, followed by a maintenance
dose of ketamine 0.5 mg/kg IV given every
3 weeks over 15 months

A 46-year-old woman with a history of
treatment-resistant major depressive
disorder was treated with 24 medication
trials and 273 ECT treatments, producing
short-term and long-term memory loss
and an incomplete recovery from
depression. All interventions have
produced only short-lived remission. Her
long-term use of ECT caused significant
problems with memory loss and focused
attention. She received ketamine 0.5 mg/
kg IV which led to a dramatic
improvement in her depressive symptoms
(DBI 22 to 6). She then received three
additional infusions every other day for
5 days. This produced a remission lasting
for 17 days after the last infusion. Three
series of six infusions were given on
alternating business days over the
following 16 weeks. These three series
produced remissions lasting 16, 28, and
16 days, respectively. A maintenance dose
of ketamine 0.5 mg/kg IV was then
established at a 3-week inter-dose interval.
She then remained in remission for
[ 15 months with only mild, transient
adverse effects typical of ketamine

Y Y

Szymkowicz
et al. [40]

3 Up to 6 doses of ketamine 0.5 mg/kg IV
with doses occurring every other day
followed by an individualized maintenance
dose of ketamine 0.5 mg/kg IV

Three cases of TRD with suicide ideation are
reported in which repeated doses of
ketamine IV were provided. The first
patient had rapid and moderately
sustained depression symptom relief 4 h
post-infusion 1 (MADRS B 8). The
second patient only achieved MADRS
scores of a moderate level of depression
4 h post-infusion 4. The third patient also
only achieved MADRS scores of a
moderate level of depression 4 h post-
infusion 4; however, significant functional
improvement was observed. The total
number of ketamine treatments varied
from 16, 34, and 32, respectively.
Dissociative effects of worsened cognitive
difficulties and insomnia post-ketamine
treatment in patient 2; however, no other
adverse effects were noted

Y Y

TRD the study sample was treatment resistant to depression, rTMS repetitive transcranial magnetic stimulation, TMS transcranial
magnetic stimulation, CGI the Clinical Global Impression Scale, Y yes (meets criteria for satisfaction), ECT electroconvulsive therapy,
BDI Beck Depression Inventory, MMSE Mini-Mental State Examination, MADRS Montgomery–Asberg Depression Rating Scale
*Intravenously administered racemic ketamine was used unless otherwise specified
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characteristics and the degree of treatment
resistance/prior longitudinal course before
study entry [4]. Additional limitations include
but are not limited to the absence of a tradi-
tional trial design that would re-randomize
‘‘enriched acute responders’’ with appropriate
survival statistics.

CONCLUSIONS

These results indicate that repeat-dose ketamine
monotherapy, albeit insufficiently studied with
RCT and placebo, does demonstrate efficacy
prolongation in persons with TRD who initially
respond to IV ketamine. Moreover, ECT, CBT,
and rapamycin concurrent with ketamine
treatment for patients with TRD also demon-
strate preliminary evidence of efficacy. Most
oral agents (i.e., clonidine, D-cycloserine, lam-
otrigine, lithium, and riluzole) studied concur-
rently or following a single ketamine infusion
were not found to have significant effect in
prolonging efficacy in adults with TRD.

Repeat-dose IV ketamine has demonstrated
preliminary evidence for maintaining efficacy,
and RCT evidence supports repeat-dose eske-
tamine as a maintenance treatment strategy in
TRD (this review focused primarily on ketamine
rather than esketamine) [20]. Intravenous keta-
mine treatment for TRD still remains a safe and
tolerable short-term intervention; however,
further large-scale research is needed on the
long-term efficacy and safety of ketamine
within this patient population [20].
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