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Single and repeated ketamine infusions for reduction of
suicidal ideation in treatment-resistant depression
Jennifer L. Phillips1,2, Sandhaya Norris1,2, Jeanne Talbot1,2, Taylor Hatchard1, Abigail Ortiz 1, Meagan Birmingham1, Olabisi Owoeye1,2,
Lisa A. Batten1 and Pierre Blier1,2,3

Repeated administration of subanesthetic intravenous ketamine may prolong the rapid decrease in suicidal ideation (SI) elicited by
single infusions. The purpose of this secondary analysis was to evaluate reduction in SI with a single ketamine infusion compared
with an active control, and prolonged suppression of SI with repeated and maintenance infusions. Thirty-seven participants with
treatment-resistant depression (TRD) and baseline SI first received a single ketamine infusion during a randomized, double-blind
crossover with midazolam. Following relapse of depressive symptoms, participants received six open-label ketamine infusions
administered thrice-weekly over 2 weeks. Antidepressant responders (≥50% decrease in Montgomery-Åsberg Depression Rating
Scale [MADRS] scores) received four further open-label infusions administered once-weekly. Changes in SI were assessed with the
suicide items on the MADRS (item 10, MADRS-SI) and the Quick Inventory of Depressive Symptomatology-Self Report (item 12,
QIDS-SI). Linear mixed models revealed that compared with midazolam, a single ketamine infusion elicited larger reduction
in SI (P= 0.01), with maximal effects measured at 7 days postinfusion (P < 0.001, Cohen’s d= 0.83). Participants had cumulative
reductions in MADRS-SI scores with repeated infusions (P < 0.001), and no further change with maintenance infusions (P= 0.94).
QIDS-SI results were consistent with MADRS-SI. Overall, 69% of participants had a complete alleviation of SI following repeated
infusions. In TRD, single and repeated ketamine infusions resulted in decreases in SI which were maintained with once-weekly
maintenance infusions. This study adds to the growing body of research suggesting ketamine as a possible novel treatment
strategy for SI in mood disorders.
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INTRODUCTION
An estimated 1 million people die from suicide every year, with
more than two-thirds of cases occurring during a major depressive
episode [1]. Although major depressive disorder (MDD) is
amenable to pharmacotherapy, up to one-third of patients fail
to respond to treatment [2] and may remain at risk of suicide [3].
Suicidal ideation (SI) is a common symptom in patients with MDD
and its development represents a critical step in the progression
from suicidal thoughts to attempts [4]. SI often requires rapid
intervention(s) but very few treatments are effective in reducing SI
and none are fast-acting [5].
Subanaesthetic doses of intravenous (IV) ketamine, an ionotropic

glutamatergic N-methyl-d-aspartate (NMDA) receptor antagonist,
have been shown to elicit rapid, albeit transient reduction in
depressive symptoms in patients with mood disorders [6]. A recent
meta-analysis has also provided evidence of the efficacy of
ketamine to acutely decrease SI [7]. It has been postulated that
these two therapeutic actions are mediated by an increased
transmission at α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic
acid (AMPA) receptors [8]. While preliminary evidence of the

effects of ketamine on SI primarily came from secondary analyses
of randomized controlled trials investigating the antidepressant
effects of single ketamine infusions [9–12], several recent trials have
examined change in SI with ketamine as a primary outcome
measure [13–15].
Despite the rapid relapse rates following a single ketamine

infusion, fewer studies have examined the administration of
ketamine beyond an acute treatment phase. While reduction in SI
appears to last at least 7 days following a single infusion [7], data
from open-label trials suggest that antisuicidal effects may be
sustained with repeated infusions [16–18]. Few studies have
examined the development of a maintenance strategy that would
allow the beneficial effects of ketamine to be prolonged with
reduced frequency of infusions. In a secondary analysis of data
derived from a ketamine augmentation trial involving participants
with treatment-resistant depression (TRD) and SI, we tested
whether the antisuicidal effects of ketamine could be augmented
through a course of repeated infusions, and whether once-weekly
ketamine administration was sufficient to maintain the attenua-
tion of SI obtained with repeated infusions. We have recently
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shown that this administration strategy extends duration of
depressive symptom remission following repeated infusions [19].
A limitation of previous examinations of the antisuicidal effects of

ketamine is the inclusion of individuals that are not highly suicidal
[7]. Importantly, recent data suggests that ketamine’s effects may
be less pronounced in individuals with higher SI severity [20, 21].
Therefore, we also examined the effects of ketamine on SI
separately in the subgroup of participants with marked pre-
treatment SI. Finally, we examined the relationship between
ketamine’s antidepressant and antisuicidal effects. A recent meta-
analysis suggests that reductions in SI with ketamine are
independent of antidepressant effects and not solely the result of
a rapid overall decrease in depressive symptoms [7]. This is further
supported by findings of reduced SI even in patients who fail to
achieve an antidepressant response to ketamine [16, 18, 22].
The objectives of this secondary analysis were to (1) demon-

strate whether a single infusion of ketamine elicits greater
decrease in SI compared with midazolam (an active control); (2)
investigate the extent to which repeated ketamine infusions elicit
decrease in SI; (3) ascertain whether suppression of SI following a
course of repeated infusions can be prolonged with weekly
maintenance infusions; and (4) determine whether the antide-
pressant and antisuicidal effects of ketamine are independent. We
hypothesized that a course of repeated ketamine infusions would
elicit decrease in SI independent of antidepressant effects and
that reduction in SI would be prolonged throughout maintenance
treatment.

MATERIALS AND METHODS
Participants
The data derive from a previously published single-center clinical
trial investigating the antidepressant effects of ketamine infusions
in participants with TRD at the Royal’s Institute of Mental Health
Research in Ottawa, Ontario, Canada [19]. Participants were
recruited from physician referrals and advertisements between
January 2013 and December 2017. Male and female outpatients,
aged 18–65 years old, met criteria for MDD based on the
Diagnostic and Statistical Manual of Mental Disorders, 4th edition
(DSM-IV-TR) [23], confirmed by the Mini-International Neuropsy-
chiatric Interview (MINI) [24]. Inclusion criteria required at least
moderate depression severity (Montgomery-Åsberg Depression
Rating Scale (MADRS) [25] total score ≥ 25) and evidence of
treatment resistance, defined as failure to respond to at least two
medications of different pharmacological classes and two
augmentation strategies during the present episode using the
Antidepressant Treatment History Form (ATHF) [26]. Inclusion in
this secondary analysis required presence of baseline SI defined as
MADRS suicide item (item 10, MADRS-SI) score ≥ 2 (“weary of life/
fleeting suicidal thoughts”). A subgroup of individuals were
identified as exhibiting marked SI defined as baseline MADRS-SI
score ≥ 4 (“better off dead/suicidal thoughts common”). Exclusion
criteria for the study included history of substance use disorder,
body mass index ≥ 35 (required to minimize side effects as
ketamine is dosed by weight), and unstable medical conditions.
Participants remained on stable dosages of concomitant psycho-
tropic medication with treatment durations of at least 6 weeks
throughout the trial. The Royal Ottawa Mental Health Centre
Research Ethics Board approved the protocol. All participants
provided written informed consent.

Study design
This is a secondary analysis of a three-phase trial designed to
assess the antidepressant effects of ketamine in participants with
TRD. In Phase 1, participants were administered a single ketamine
infusion during a randomized, double-blind crossover with
midazolam (a short-acting benzodiazepine that serves as an
active control for ketamine) [22]. Infusions of ketamine

hydrochloride (Ketalar®, ERFA Canada Inc., Montreal, QC; 0.5 mg/
kg, diluted in 0.9% saline) and midazolam (30 µg/kg diluted in
saline) were administered over a 40 min period by IV pump in an
outpatient clinic by a study physician and research nurse under
cardiorespiratory monitoring. On infusion days, participants held
benzodiazepines from the preceding day as they attenuate
ketamine response [27]. Each infusion during Phase 1 occurred
at least 7 days apart and subjects required a return of 80% of their
baseline MADRS total scores to proceed to the second Phase 1
infusion and to begin Phase 2. In Phase 2, the repeated treatment
phase, participants were administered a course of six open-label
ketamine infusions thrice-weekly over a 2-week period. In Phase 3,
the maintenance phase, participants who obtained an antide-
pressant response to ketamine following the course of repeated
Phase 2 infusions received once-weekly ketamine infusions for a
further 4 weeks. Antidepressant response was defined as ≥50%
decrease in MADRS total score from baseline (prior to first infusion
in Phase 1) to the end of Phase 2. Nonresponders exited the study
following Phase 2.

Outcome measures
Assessment instruments included the 10-item clinician-adminis-
tered MADRS, and the 16-item patient-administered Quick
Inventory of Depressive Symptomatology-Self Report (QIDS-SR)
[28]. For this secondary analysis, the primary outcome measure
was change in SI following single and repeated ketamine
infusions, measured by the MADRS suicide item (MADRS-SI).
MADRS-SI has been shown to be particularly sensitive to assess
rapid changes in SI as occur with ketamine [29]. Secondary
measures included change in patient-reported thoughts of death
or suicide (QIDS-SR item 12, QIDS-SI), and change in depressive
symptoms (MADRS items 1–9, with item 10, suicidal thoughts,
removed from the MADRS total score to reduce redundancy).
During Phase 1, ratings for the MADRS were obtained prior to
each infusion and at 2 h, 24 h, and 7 days postinfusion, while
participants completed the QIDS-SR at preinfusion, and at 24 h,
4 days, and 7 days postinfusion. For Phases 2 and 3, follow-up
measures were administered 3 days after the final infusion in each
phase. MADRS ratings were conducted by study physicians who
trained together to establish adequate inter-rater reliability.

Statistical analysis
For Phase 1, a random-effects linear mixed model was used to
evaluate changes in MADRS-SI scores with ketamine and
midazolam infusions across four time points from preinfusion to
7 days postinfusion. Included in the model were subject as a
random effect, drug and time as fixed within-subject factors, the
interaction between drug and time, and a fixed intercept. Baseline
MADRS-SI scores and order of drug administration were included
as covariates with fixed within- and between-subject effects,
respectively. A first order factor analytic-covariance matrix best fit
the data using Akaike’s information criteria [30]. Significant effects
were examined with Bonferroni-corrected simple effects tests.
Cohen’s d was used to compare the size of effects of ketamine vs.
midazolam at each assessed postinfusion time point. For Phases 2
and 3, random-effects models were used to quantify changes in
MADRS-SI scores over time adjusting for phase-specific baseline
MADRS total scores. Analyses of QIDS-SI data were performed as
described above for MADRS data. To assess whether the effects of
ketamine on SI were independent of its effects on other
depressive symptoms, the Phase 1 and 2 linear mixed models
evaluating change in SI with ketamine were repeated with change
in depressive symptoms (MADRS items 1–9) added as a covariate.
Further, the correlation between change in SI and change in
depressive symptoms through the end of Phase 2 was calculated
using a Pearson correlation coefficient. All statistical analyses were
repeated for the subgroup with marked SI at baseline. Statistical
analyses were performed using IBM SPSS Statistics, version 24.0
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(SPSS Inc., Chicago, Illinois). Results were considered significant at
a two-tailed P value of 0.05.

RESULTS
Participant characteristics
Participant screening and enrollment details from the original trial
have been previously published [19]. Participant disposition for
the current secondary analysis are summarized in Fig. S1. Thirty-
seven study participants met criteria for baseline SI and were
included in this analysis. Baseline characteristics of participants are
summarized in Table 1. Treatment failures are summarized in
Table S1. Five participants from the original trial were excluded
from the present analysis due to lack of SI at baseline (MADRS-SI ≤
1). Two participants withdrew from the study, one after
completing Phase 1, and another after receiving three infusions
in Phase 2. Eighteen of the 37 participants met criteria for marked
baseline SI and were included in the subgroup analyses.

Single ketamine infusion
Thirty-seven participants completed the randomized, double-blind
crossover comparison of single infusions of ketamine and
midazolam. A random-effects linear mixed model analysis
adjusted for baseline MADRS-SI scores and order of drug
administration revealed significant main effects for drug (F1,42=
6.83, P= 0.01) and time (F3,110= 11.28, P < 0.001), and a significant
drug-by-time interaction (F3,120= 8.86, P < 0.001). Post hoc simple
effects tests revealed that participants had lower MADRS-SI scores
with ketamine compared with midazolam at 2 h (P= 0.03, Cohen’s
d= 0.44), and 7 days postinfusion (P < 0.001, Cohen’s d= 0.83)
(Fig. 1). MADRS-SI scores did not differ at 24 h postinfusion (P=

0.90, Cohen’s d= 0.003). The maximal effect of ketamine on SI was
measured at 7 days postinfusion, when participants had an
estimated mean decrease in MADRS-SI scores of 1.7 points relative
to preinfusion and the estimated mean difference in MADRS-SI
scores between ketamine and midazolam was 1.2 points.
Examination of the model covariates revealed significant main

effects for baseline MADRS-SI scores (F1,48= 130.86, P < 0.001),
and for order of drug administration (F1,47= 10.17, P= 0.003) on
change in SI during Phase 1. Participants randomized to receive
midazolam first had similar preinfusion MADRS-SI scores for
both Phase 1 infusions (3.3 ± 1.1 vs. 3.2 ± 1.3; t17= 0.52, P= 0.61).
Participants randomized to ketamine first had lower preinfusion
MADRS-SI scores at the midazolam infusion (3.3 ± 1.3 vs. 2.3 ± 1.5;
t18= 3.90, P= 0.001) indicating significant carry-over effects
between Phase 1 infusions.
Analysis of change in self-reported SI during Phase 1 also

revealed a significant main effect for drug (F1,53= 4.32, P= 0.04),
with lower QIDS-SI scores with ketamine relative to midazolam,
and a significant main effect for time (F3,95= 2.67, P= 0.05). The
drug-by-time interaction for QIDS-SI scores was not significant
(F3,98= 1.89, P= 0.14).

Repeated ketamine infusions
At the start of Phase 2, MADRS-SI scores were significantly lower
than at study baseline (prior to the first Phase 1 infusion) (t35=
5.87, P < 0.001). Overall, a 0.9 point decrease in MADRS-SI scores
was carried-over from Phase 1 into Phase 2 despite relapse of 97%
of depressive symptoms (mean baseline MADRS items 1–9 scores
32.2 [±3.4] vs. pre-Phase 2 scores 31.0 [±3.7]). Examination of the
effects of the course of six repeated ketamine infusions using a
random-effects linear mixed model adjusted for subjects and pre-
Phase 2 MADRS-SI scores revealed a significant main effect for
time (F6,116= 11.86, P < 0.001) (Fig. 2a). Bonferroni-corrected post
hoc tests revealed that significant cumulative decreases in
MADRS-SI scores relative to the start of Phase 2 became apparent
following three successive infusions and for each infusion
thereafter. The estimated mean MADRS-SI score for participants
at the post-Phase 2 follow-up visit was 1.0. Overall, between
baseline and the end of Phase 2, participants had an estimated
mean reduction of 2.3 points on the MADRS-SI.

Table 1. Baseline demographic and clinical characteristics of study
sample.

Variable Total sample

Participants, n (%) 37 (100)

Age, years, Mean (SD) 39.5 (11.7)

Sex, M/F, n (%) 18/19 (49/51)

Weight, kg, Mean (SD) 80.8 (16.9)

Body mass index, kg/m2, Mean (SD) 26.8 (4.7)

Length of current episode, years, Mean (SD) 5.2 (5.7)

Major depressive episodes, Single/recurrent, n % 19/18 (51/49)

Failed antidepressant trialsa, Mean (SD) 3.4 (1.6)

Failed antidepressant augmentationsa, Mean (SD) 3.0 (1.2)

ECT nonresponder in current episode, n (%) 6 (16)

MADRS total score, Mean (SD) 35.6 (3.8)

MADRS-SI score, Mean (SD) 3.3 (1.2)

QIDS-SR total score, Mean (SD) 18.3 (4.2)

Lifetime history of suicide attempt, n (%) 9 (24)

Comorbid panic disorder, n (%) 4 (11)

Comorbid agoraphobia, n (%) 10 (27)

Comorbid social phobia, n (%) 10 (27)

Comorbid obsessive compulsive disorder, n (%0 2 (5)

Comorbid alcohol dependence, n (% 1 (3)

Comorbid generalized anxiety disorder, n (%) 10 (27)

ECT electroconvulsive therapy, F female, M male, MADRS Montgomery-
Åsberg Depression Rating Scale [25], MADRS-SI Montgomery-Åsberg
Depression Rating Scale suicide item, QIDS-SR Quick Inventory of
Depressive Symptomatology-Self Report [28].
aNumber of failed antidepressant trials and augmentations during current
episode according to the Antidepressant Treatment History Form [26]

Fig. 1 Change in estimated marginal mean Montgomery-Åsberg
Depression Rating Scale suicide item (MADRS-SI) scores over time in
patients with treatment-resistant depression treated with single
infusions of ketamine and midazolam using a randomized, double-
blind, crossover design (N= 37). Error bars represent SEM. Sig-
nificant difference between ketamine and midazolam, ***P < 0.001,
**P < 0.01, *P < 0.05.
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There was also a significant main effect of time in the linear
mixed model examining change in SI during Phase 2 with the
patient-administered QIDS-SI (F6,101= 3.76, P= 0.002). Bonferroni-
corrected post hoc tests revealed that the significant decrease in
QIDS-SI scores only became apparent after all six ketamine
infusions were administered. Furthermore, there was a significant
positive correlation between change in clinician-administered
MADRS-SI scores and change in patient-administered QIDS-SI
scores during Phase 2 (r= 0.70, P < 0.001).

Maintenance ketamine infusions
Within the main trial, participants who achieved an antidepressant
response to repeated ketamine infusions (≥50% reduction in
MADRS total scores) continued into the maintenance phase.
Twenty-one participants (60%) included in the current secondary
analysis underwent maintenance infusions. A linear mixed model
adjusted for subjects and pre-Phase 3 MADRS-SI scores revealed
no main effect for time on MADRS-SI scores during maintenance
infusions (F4,40= 0.19, P= 0.94). This indicates no change in
MADRS-SI scores once ketamine infusions were reduced to once-
weekly administration (Fig. 2b). Similarly, there was no change in
patient-rated QIDS-SI scores during Phase 3 (F4,38= 1.74, P= 0.16).

Alleviation of SI with repeated infusions
At baseline, prior to randomization in Phase 1, nearly half of the
sample (18 participants, 49%) reported marked SI (MADRS-SI ≥ 4).
Following the repeated ketamine infusions administered in Phase
2, 24 participants (69%) had a lack of SI (MADRS-SI rating of 0 or 1
on the 6-point scale), 8 participants (23%) endorsed fleeting SI
(MADRS-SI= 2), and only three individuals remained at ratings at
or above 4 (Fig. 3).

Effects of ketamine in individuals with marked SI at baseline
Results for the subgroup of 18 participants with marked pre-
treatment SI (baseline MADRS-SI scores ≥ 4) were similar to those
obtained for the full sample. On average, MADRS-SI scores for this
subgroup decreased a total of 2.7 points during the trial. Linear
mixed models revealed a larger reduction in SI following the
single ketamine infusion compared with midazolam (F1,19= 11.69,
P= 0.003). Thrice-weekly repeated ketamine infusions elicited
cumulative decreases in MADRS-SI scores (F6,49= 6.61, P < 0.001),
with no further change in scores with weekly maintenance
infusions (F4,14= 0.55, P= 0.70).

Relationship between the antisuicidal and antidepressant effects
of ketamine
The relationship between the effects of ketamine on SI and
depressive symptoms was examined in the full group using
MADRS-SI and MADRS items 1–9 scores, respectively. Participants’
change in MADRS-SI scores from baseline to post-Phase 2 were
significantly correlated with their change in scores for MADRS
items 1–9 (R2= 0.40, r= 0.63, P < 0.001) (Fig. 4). However, change
in MADRS 1–9 scores only accounted for 40% of the explained
variance in change in MADRS-SI scores, suggesting that the effects
of ketamine on SI are not entirely dependent on change in
depression severity. Further, when the linear mixed model
analyses for single and repeated infusions (Phases 1 and 2) were
adjusted for change in depressive symptoms (MADRS items 1–9),
most results remained significant. Analysis of the Phase 1 data
with the inclusion of change in depressive symptoms as a
covariate revealed a significant drug-by-time interaction (F3,117=
9.51, P < 0.001), and a significant main effect of time (F3,160= 4.51,
P= 0.005), however the main effect of drug was no longer
significant (F1,115= 0.39, P= 0.54). This suggests that collapsing
across time, the overall decrease in SI with ketamine relative to
midazolam is associated with decrease in depressive symptoms,
yet the timing of the maximal effects of ketamine on SI and on
depression may differ. The antidepressant effects of ketamine
were greatest 24 h postinfusion [19] while the maximal decrease
in SI was measured at 7 days postinfusion. In the analysis of the

Fig. 2 a Estimated marginal mean preinfusion Montgomery-Åsberg
Depression Rating Scale suicide item (MADRS-SI) scores over six
open-label repeated ketamine infusions in Phase 2 (N= 36).
Error bars represent SEM. Significant difference relative to Phase 2
baseline, ***P < 0.001, **P < 0.01. b Estimated marginal mean
preinfusion Montgomery-Åsberg Depression Rating Scale suicide
item (MADRS-SI) scores over four open-label maintenance ketamine
infusions in Phase 3 (N= 21). Error bars represent SEM.

Fig. 3 Distribution of participants’ Montgomery-Åsberg Depression
Rating Scale suicide item (MADRS-SI) scores at study baseline and
over six repeated ketamine infusions in Phase 2 (N= 37).
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Phase 2 data adjusted for change in scores on MADRS items 1–9,
the main effect of time remained significant for the whole group
(F6,123= 3.05, P= 0.008), and for the high SI subgroup (F6,49=
6.61, P < 0.001). This suggests that the cumulative decrease in SI
with repeated ketamine infusions are not dependent on the
antidepressant effects. Indeed, of the 14 antidepressant non-
responders, five participants (36%) had a complete alleviation of SI
following the repeated infusions (post-Phase 2 MADRS-SI ≤ 1).

Safety outcomes
No serious adverse events were reported during the trial. Vital
signs were continuously evaluated at each infusion throughout
the study. The most commonly reported side effects associated
with ketamine administration were cardiorespiratory effects
(transient increases in blood pressure and heart rate), numbness
or tingling, dissociation, dizziness, and visual disturbances. Side
effects generally resolved within 2 h of the start of the infusion.
Safety outcomes of the trial have been reported in more detail in a
previous publication [19].

DISCUSSION
The findings reported herein support the rapid and cumulative
effects of single and repeated ketamine infusions on suicidal
thoughts in individuals with TRD, even for those with high pre-
treatment SI severity. In subjects with an antidepressant response
to ketamine, the alleviation of SI obtained following single and
repeated infusions was prolonged with once-weekly treatment.
The effects of ketamine on SI appear to be at least partially
independent of antidepressant effects and were seen even in
participants who failed to meet antidepressant response criteria.
All but three participants (92% of the sample) had a decrease in

SI following repeated ketamine infusions, including 14 subjects
with marked SI at baseline. These results substantiate emerging
evidence that ketamine is a potential therapeutic option for
patients with acute SI consistent with previous reports [7]. The
three patients without an SI decrease were among those with the
highest baseline SI. This finding may be consistent with that of
Ballard et al. [20] who found, using pooled data from five clinical
trials, that individuals with more severe pre-treatment SI were less
likely to achieve an SI response to a single ketamine infusion. On
the other hand, according to our subgroup analysis, ketamine
infusions were effective in reducing SI overall even among those
with marked SI. In the present study, participants had an initial

reduction in SI with the single Phase 1 infusion that persisted
despite relapse of depressive symptoms and further decreased
with repeated infusions administered during Phase 2. This carry-
over effect suggests that the antisuicidal effects of ketamine may
last longer than its antidepressant effects, though this was not
directly tested. According to clinician-administered MADRS-SI
scores, SI decreased significantly after three Phase 2 infusions
while with self-reported QIDS-SI scores, the full course of six
infusions was required to result in a significant SI decrease. This
could be due to a difference in the measures. Nevertheless,
participants obtained a decrease in SI following successive Phase 2
infusions, with both measures suggesting cumulative effects.
Consequently, patients may gain additional benefits from
repeated infusions beyond those obtained from single infusions.
Within the present sample, a doubling of antidepressant response
rates was achieved with repeated infusions [19].
During Phase 2, participants received ketamine infusions three

times per week. While other studies have administered repeated
infusions with similar frequency [18, 31, 32], the optimal
administration schedule to maximally reduce SI has yet to be
determined. A recent randomized controlled trial that adminis-
tered ketamine twice a week for 3 weeks found no difference
between ketamine and saline placebo on SI or depressive
symptoms [33]. In that trial, participants were selected for severe,
resistant depression with chronic SI and the authors suggest that
the dose administered (0.5 mg/kg) may be insufficient for that
patient population. Most studies reporting reduced SI with
ketamine, including the present study, have administered
ketamine at that dose. While Cusin et al. [34] reported improved
antidepressant response to repeated ketamine in patients using a
two-step dose-escalation strategy; this dosing strategy was not
shown to affect SI response [16]. Further examination of the
effects of variable dosing schedules and dose-escalation strategies
on change in SI is warranted to identify optimal administration
parameters to maximize patient response.
The present findings suggest that the effects of ketamine on SI

and depression are partially independent. This is supported by the
facts that 60% of the variance in overall change in SI was not
explained by change in depressive symptoms. Participants’
change in SI with ketamine remained significant when adjusted
for their change in depressive symptom scores, and several
individuals who failed to meet antidepressant response criteria
with ketamine still experienced an alleviation of SI with repeated
infusions. These results are consistent with the findings of a meta-
analysis that reported that the effects of ketamine on SI are
partially independent from its effects on depressive symptoms [7].
This partial independence hints at the potential use of ketamine as
a treatment for SI outside the context of TRD.
As per the study design, participants who obtained an

antidepressant response to ketamine following the course of six
repeated infusions received an additional four infusions adminis-
tered once per week. Weekly infusions were sufficient to sustain
reductions of SI in responders during this treatment prolongation.
This finding has important clinical relevance as it suggests the
frequency of ketamine administration can be reduced once
patients have obtained a reduction in SI and beneficial effects
can be maintained. The optimal frequency of maintenance
infusions to prolong the suppression of SI obtained with repeated
infusions however remains unknown. While the antidepressant
effects of ketamine last an average of 18–19 days [22, 31], there is
a wide variability among individual patients. Thus far, the duration
of ketamine’s antisuicidal effects have not been well described.
Grunebaum et al. [14] reported sustained reduction of SI for
6 weeks following a single infusion in a non-resistant MDD sample.
More formal follow-up of the duration of persisting SI effects of
ketamine treatment is required to permit tailoring of maintenance
infusions and to better assess returning suicide risk among
patients.

Fig. 4 Correlation between participants’ overall change in depres-
sive symptoms (Montgomery-Åsberg Depression Rating Scale,
MADRS items 1–9) and their change in suicidal ideation (MADRS
suicide item, MADRS-SI) between baseline and post-Phase 2 follow-
up (N= 36).
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Despite the strengths of this study, limitations should be
considered. First, this study was a secondary analysis of a clinical
trial designed to evaluate the efficacy of the antidepressant effects
of ketamine. Since the Phase 1 double-blind crossover was timed
to capture participants’ relapse in depressive symptoms, not SI,
there was a significant carryover of the initial decrease in SI in
subjects randomized to receive ketamine prior to midazolam.
Ideally, SI would have had to return to baseline levels prior to
participants crossing over to the second medication but SI was not
the primary study outcome. A second limitation is the absence of
MADRS-SI assessment between 24 h and 7 days postinfusion in
Phase 1. However, carryover of antisuicidal effects into Phase 2 of
the study despite relapse of depressive symptoms suggests that
significant findings at 7 days postinfusion are not spurious.
Third, repeated and maintenance infusions were administered

open-label without a control condition. Since participants were
exposed to both ketamine and midazolam during Phase 1, the use
of a control in subsequent phases would not have been successful
as most participants could readily discriminate ketamine from
midazolam after receiving both medications due to its mild
dissociative effects [19]. Fourth, all study participants had TRD;
therefore the results may not generalize to other patients with
MDD, or other individuals with SI. However, reports of reduction of
acute SI with ketamine treatment in post-traumatic stress disorder
[15, 35], active military personnel [36], and patients newly-
diagnosed with cancer [37], suggest the potential use of ketamine
for suicidality beyond mood disorders. Fifth, SI was primarily
assessed using the single item MADRS-SI. Although this clinician-
rated measure significantly correlated with the patient-rated QIDS-
SI, future studies would benefit from the inclusion of more
comprehensive measures of suicidality (such as the Columbia
Suicide Severity Rating Scale [38]) as well as examination of its
potential contributing components (i.e., hopelessness, impulsivity,
etc.). Sixth, given the limited sample size in the present study the
results should be interpreted with caution. Lastly, while the long-
term side effects of ketamine are currently unknown, the
biological burden of prolonged depression and associated risk
of suicide may outweigh the eventual identification of protracted
side effects. This risk-benefit ratio has to be considered in the light
that an anesthetic dose of ketamine produces a plasma level ten
times higher than that used herein [12].
In summary, this study showed that single and repeated

ketamine infusions reduced SI in individuals with TRD, with
cumulative effects observed with thrice-weekly repeated infusions,
and maintenance of the effects of ketamine on SI with once-weekly
infusions. Current treatment options for SI are limited and these
findings add to the growing body of research suggesting the
promise of ketamine as a novel treatment strategy for SI. In
particular, the preliminary evidence of rapid reduction in SI with
ketamine suggests its use as a possible emergency strategy for
individuals at high risk of suicide as an alternative to more
disruptive and costly hospitalization. How long the antisuicidal
effects of repeated ketamine infusions last, and whether ketamine-
induced reduction in SI can be maintained with alternate
pharmacological strategies remains unknown. Moreover, further
research is required to determine whether reductions in SI
following ketamine treatment translate into decreased risk for
suicidal behavior and suicide attempts.
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