1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny Yd-HIN

NATTG,

o
R HE

s sy,
D

10

NS

NIH Public Access

Author Manuscript

Published in final edited form as:
Depress Anxiety. 2014 April ; 31(4): 335-343. doi:10.1002/da.22253.

EFFECTS OF KETAMINE ON EXPLICIT AND IMPLICIT SUICIDAL
COGNITION: A RANDOMIZED CONTROLLED TRIAL IN
TREATMENT-RESISTANT DEPRESSION

Rebecca B. Price, Ph.D.1, Dan V. losifescu, M.D.2:3, James W. Murrough, M.D.23, Lee C.
Chang, M.D.4, Rayan K. Al Jurdi, M.D.58, Syed Z. Igbal, M.D.>6, Laili Soleimani, M.D.2,
Dennis S. Charney, M.D.2:3.7_ Alexandra L. Foulkes, M.S.56, and Sanjay J. Mathew, M.D.*6

1Department of Psychiatry, University of Pittsburgh School of Medicine, Pittsburgh, Pennsylvania
2Department of Psychiatry, Icahn School of Medicine at Mount Sinai, New York, New York
SDepartment of Neuroscience, Icahn School of Medicine at Mount Sinai, New York, New York
4Department of Anesthesiology, Baylor College of Medicine, Houston, Texas

5Mental Health Care Line, Michael E. Debakey VA Medical Center, Houston, Texas

8Menninger Department of Psychiatry and Behavioral Sciences, Baylor College of Medicine,
Houston, Texas

“Pharmacology & Systems Therapeutics, Icahn School of Medicine at Mount Sinai, New York,
New York

Abstract

Background—~Preliminary evidence suggests intravenous ketamine has rapid effects on suicidal
cognition, making it an attractive candidate for depressed patients at imminent risk of suicide. In
the first randomized controlled trial of ketamine using an anesthetic control condition, we tested
ketamine’s acute effects on explicit suicidal cognition and a performance-based index of implicit
suicidal cognition (Implicit Association Test; IAT) previously linked to suicidal behavior.

Method—Symptomatic patients with treatment-resistant unipolar major depression (inadequate
response to =3 antidepressants) were assessed using a composite index of explicit suicidal ideation
(Beck Scale for Suicidal Ideation, Montgomery-Asberg Rating Scale suicide item, Quick
Inventory of Depressive Symptoms suicide item) and the IAT to assess suicidality implicitly.
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Measures were taken at baseline and 24 hr following a single subanesthetic dose of ketamine (n =
36) or midazolam (n = 21), a psychoactive placebo agent selected for its similar, rapid anesthetic
effects. Twenty four hours postinfusion, explicit suicidal cognition was significantly reduced in
the ketamine but not the midazolam group.

Results—Fifty three percent of ketamine-treated patients scored zero on all three explicit suicide
measures at 24 hr, compared with 24% of the midazolam group (x2 = 4.6; P = .03). Implicit
associations between self- and escape-related words were reduced following ketamine (P =.01; d
=.58) but not midazolam (P = .68; d = .09). Ketamine-specific decreases in explicit suicidal
cognition were largest in patients with elevated suicidal cognition at baseline, and were mediated
by decreases in nonsuicide-related depressive symptoms.

Conclusions—Intravenous ketamine produces rapid reductions in suicidal cognition over and
above active placebo. Further study is warranted to test ketamine’s antisuicidal effects in higher-
risk samples.
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INTRODUCTION

Suicide is a leading cause of death and injury Worldwide.[l’ 2] Currently, clinicians’ options
are limited when faced with an acutely suicidal patient. Conventional treatments including
antidepressants,[3] cognitive therapy,[4! and electroconvulsive therapy,! are effective but
slow to act, leaving a substantial number of patients struggling with suicidal thoughts after
weeks of treatment. Even inpatient hospitalization fails to prevent suicide in as many as
1,500 cases per year,[6] and there is an additional high risk of suicide during the period
immediately following hospital discharge.[”] Incidence rates for suicidal behaviors remain
largely unchanged over the last decade and a half in spite of increasing access to
treatment,[1] highlighting the need for novel treatment approaches.

Ketamine, a glutamate N-methyl-0-aspartate (NMDA) receptor antagonist used more
frequently as an anesthetic agent, has shown rapid antidepressant properties in patients with
depression!8] and treatment-resistant depression (TRD),[®-11 defined as insufficient
response to at least two adequate antidepressant trials. In an open study of ketamine in TRD,
we previously reported reduced clinician-rated explicit suicidal cognition 24 hr after
ketamine infusion.[*2] Furthermore, suicidal cognition was continuously eradicated for 2
weeks in ketamine responders given thrice-weekly, repeat infusions. Similar additional
reports in TRD,[131 bipolar disorder,[14] and depressed patients presenting to the emergency
department with suicidal ideation[!°] suggest that ketamine can reduce suicidal ideation
within 40 min of infusion and reductions may be maintained for up to 10 days.

Effective treatment of suicidality is further constrained by inaccuracy of standard risk
assessments. For example, 78% of inpatients going on to complete suicide explicitly denied
suicidal ideation in their last communication to clinicians.[*®] The Implicit Association Test
(IAT; see Supporting Information for details) is a performance-based measure of cognition
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that is reliable,[17] resistant to attempts to “fake good,”[18] and has been shown to predict
future behavior more accurately than explicit measures across a range of socially “taboo”
cognitions (e.g., prejudicial attitudes).[191 Variants of the IAT developed to assess suicidal
cognition have been shown to differentiate between suicidal and nonsuicidal
individuals.[20.21] Furthermore, when assessed in the emergency department, the IAT
predicts a sixfold increase in the odds of making a subsequent suicide attempt within the
following 6 months, exceeding the predictive validity of other well-established risk factors
as well as both patients’ and clinicians’ explicit predictions.[2] In our previous open-label
trial, we reported that an IAT index of suicidal cognition was reduced 24 hr postketamine
infusion.[*2] The IAT may therefore offer a clinically relevant performance-based
assessment of suicidal cognition that is both predictive of future behavior and sensitive to
treatment change, although it has not previously been studied in controlled trials.

Given that major depression is associated with high placebo-responsiveness,[22] the current
study aimed to provide a critical extension of previous findings through inclusion of a
psychoactive placebo arm, using a randomized, controlled, double-blind design. While this
psychoactive placebo-controlled design adds novel information to the literature on
ketamine’s antisuicidal effects, the use of a placebo in patients at imminent risk of suicide
presents ethical concerns. We therefore conducted this first actively controlled examination
in the context of a TRD sample with heterogeneous levels of suicidal cognition, excluding
individuals at imminent risk. We aimed to assess the differential effects of ketamine versus
midazolam—a benzodiazepine anesthetic agent with no established antidepressant
properties, selected to elicit transient psychoactive effects on a similar time course to
ketamine—on explicit measures of suicidality and the IAT. Establishing ketamine-specific
effects in the context of an RCT improves on previous designs by helping to isolate
ketamine’s specific therapeutic benefit from the role of expectancy and practice effects on
implicit and explicit suicide measures. To further the goal of personalized, mechanistic
intervention for suicidality we also provide the first placebo-controlled exploration of
ketamine-specific (1) predictors and (2) mechanisms of antisuicidal effects. Analyses were
designed to explore novel moderators and mediators of ketamine’s antisuicidal properties
from a range of variables previously associated with suicide risk (depression, hopelessness,
state anxiety, implicit suicidal cognition) and ketamine-specific cognitive effects
(dissociative symptoms, euphoric mood)[23] which might reflect glutamate-mediated
psychological target engagement during the acute infusion period.

METHODS

TRD patients were recruited for a two-site double-blind randomized controlled trial (RCT)
of ketamine’s antidepressant efficacy, described in detail elsewhere.[!1] The current
manuscript’s suicidality indices were included a priori as outcomes based on prior work.[12]
Treatment resistance was defined as three or more failed, adequate antidepressant trials, as
determined by the Antidepressant Treatment History Form.[24] DSM-IV-TR diagnoses of
Major Depressive Disorder were established by SCID-I/P interview. Eligible participants
were outpatients with moderate-to-severe depression (clinician-rated Inventory of
Depressive Symptomatology score =32)[2%] who were psychotropic medication-free for 1
week prior to infusion (4 weeks for fluoxetine). Patients whom research team psychiatrists
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deemed unsafe for study participation due to serious and imminent suicidality were
excluded.

Additional inclusion criteria, detailed methods, antidepressant efficacy findings, and adverse
events are described elsewhere.[11] Briefly, following an overnight hospital stay, patients
were randomized in a 2:1 ratio to receive a single IV infusion of ketamine hydrochloride
(0.5 mg/kg) or midazolam (0.045 mg/kg) over 40 min, followed by a second overnight
hospital stay. Patients were assessed for depressive symptoms using the Montgomery-
Asberg Depression Rating Scale (MADRS),[26] a 10-item clinician-administered measure
that includes a single suicidality item rated on a 0-6 scale, and the Quick Inventory of
Depressive Symptomatology-Self Report (QIDS-SR),[27] a 16-item self-report measure of
depression symptoms that includes a single suicidality item rated on a 0-3 scale.

Fifty-seven participants completed measures of explicit suicidal cognition described below
(ketamine: n = 36; midazolam: n = 21) at both baseline (1-4 days prior to infusion; mode =
1 day) and 24 hr post infusion. Fifty-four participants (ketamine: n = 35; midazolam: n=19)
completed implicit measures.! Suicide measures were not collected in all participants due to
unavailability of equipment/time constraints (n = 15) or patient refusal (n = 3). Patients with
and without suicide assessment data did not differ significantly on demographics or clinical
history (Ps > .2) or on proportion allocated to ketamine versus midazolam (x2 = .54, P =
46). Total baseline MADRS scores were slightly higher in the current subsample as
compared to the full RCT sample (t;0 = 2.61, P = .01).

Table 1 presents clinical, demographic, and suicide risk-related characteristics of the
primary suicidality sample (n=57). All participants signed informed consent. Institutional
Review Boards approved all procedures.

EXPLICIT MEASURES

The Beck Scale for Suicide Ideation (BSS), [28] a 21-item self-report measure that is reliable
and highly correlated (r> = .90) with the clinician-rated Scale for Suicide Ideation,[2%] was
administered as the primary explicit suicidal cognition measure (summing items 1-19). To
reduce Type | error while preserving power, a composite explicit suicidality index
(Slcomposite) Was calculated by summing z-scores on the BSS, MADRS suicidality item
(MADRS-SI), and QIDS-SR suicidality item (QIDS-SI), as in previous work.[12]

IMPLICIT ASSOCIATION TEST (IAT)

Two variants of the IAT (IAT-Death, assessing the strength of association between words
related to “Death” and “Me”; IAT-Escape, assessing associations between “Escape” and
“Me”; see Supporting Information) were selected based on our previous findings and the
hypothesis that individuals contemplating suicide would be characterized by greater self-
identification with death (relative to life) and escape (relative to stay). Both associations are
stronger in suicide attempters than nonattempters.[30 Briefly, the IAT assesses the relative
speed with which individuals classify words when the same manual key response is required

172 participants received study medication in the parent RCT.
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for two constructs (e.g., when “death” words and “me” words both require a right finger
response, relative to when “life” words and “me” words both require a right finger
response). “Escape = Me” and “Death = Me” D-scores were calculated for each participant,
where D = [(mean RT during Escape = Me [or Death = Me] block) — (mean RT during Stay
= Me [or Life = Me] block) + (SD of RT across all trials)].

EXPLORATORY ANALYSIS: MODERATORS AND MEDIATORS

Potential moderators of the differential effects of ketamine versus midazolam on Sl¢omposite
reduction included the following measures collected at baseline: Slcomposite, the MADRS
total score after removing the suicidality item (MADRS-total,q,s)), history of suicide
attempts (present vs. absent), and the two IAT D-scores.

Potential mediators of ketamine’s impact on suicidality included change scores in the
following measures collected concurrently with Slcomposite (i-€:, at baseline and 24 hr):
MADRS-totalnons;; the Beck Hopelessness Scale (BHS;[3 a widely used self-report
instrument that has been shown to predict future suicidal acts;[32] the state form of the State-
Trait Anxiety Inventory (STAI-S)[33] as a measure of anxious mood state, an acute predictor
of suicidal behavior;[34 and IAT D-scores. Additionally, change scores from baseline to 40
min post infusion onset were used to assess behaviorally for potential glutamate-mediated,
ketamine-specific “target engagement” (e.g., dissociative and/or euphoric feelings, which
characterize ketamine but not midazolam infusion): the Clinician-Administered Dissociative
States Scale (CADSS)[3%] and a visual analogue scale (VAS) assessing “Euphoric” mood on
a 0-10 scale. Finally, mediation by change scores in MADRS-total,gng| as assessed at
baseline and 4 hr post infusion was also explored to test temporal precedence of change in
depression. Change scores for moderator/mediator analyses were calculated as 24-hr-
baseline score.

STATISTICAL ANALYSIS

The primary outcome was the explicit Slcomposite SCore at 24 hr post infusion. Implicit
outcomes were IAT Escape = Me and Death = Me D-scores. Twenty-four hour scores were
compared across groups using ANCOVA with baseline values as a covariate. Due to
positively skewed distributions on explicit measures, bootstrapping, an approach robust to
violations of normality,[36] was used to derive two-tailed P-values for all analyses. 32 tests
were used to compare groups on categorical measures. Correlation analyses were used to
explore relationships between explicit and implicit measures. Regression of Sleomposite
change scores on interaction terms (group x moderator variable), controlling for the
independent effects of group and the moderator variable, were used to identify baseline
moderators differentially predicting change in explicit suicidality following ketamine versus
midazolam. Mediation analyses were performed to identify measures statistically mediating
the relationship between group and explicit suicidality reduction based on a standard 3-
variable path model.[371 In this approach, M is considered a mediator of the relationship
between X and Y if and only if: (1) X is related to Y (path c); (2) X is related to M (path a);
(3) M is related to Y, controlling for X (path b); and (4) the effect of X on Y controlling for
M is significantly different from the direct effect of X on Y (path a x b). Bootstrap tests
were used to test the significance of each path using the Multilevel Mediation and
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Moderation Toolbox (http://wagerlab.colorado.edu/tools). For completeness, statistical
trends at two-tailed P < .1 are reported in addition to significant effects (P < .05).
Bonferonni correction was applied to all analyses of ketamin-eversus midazolam effects, but
not to exploratory moderator/mediator analyses.

PRIMARY OUTCOMES

Tweny-four hours postinfusion, Slgomposite SCores were reduced in the ketamine group
compared to midazolam, adjusting for baseline values (F1 54 = 8.8, P = .01, between-groups
Cohen’s d = 0.82, a large effect; Table 2; Fig. 1). Fifty-three percent of ketamine-treated
patients scored zero on all three explicit suicide measures at 24 hr, compared with 24% of
the midazolam group at 24 hr (32 = 4.6; P = .03) and 7% of all patients at baseline. 86.1% of
ketamine-treated patients scored below a BSS score of 4 (sometimes considered a clinically
meaningful cut-off[38]) at 24 hr compared to 61.9% of the midazolam group at 24 hr (32 =
4.4; P =.04) and 47.4% of all patients at baseline. In omnibus tests, there were no
significant differential effects of ketamine versus midazolam on “Escape = Me” or “Death =
Me” implicit associations (Ps > .5). However, replicating our previous finding, there was a
decrease in “Escape = Me” associations from baseline to 24 hr postketamine (t34 = 2.5, P =.
02, d = .58). This effect was not present in the midazolam group (P = 1.0; Table 2; between-
groups d = .25).

ASSOCIATIONS BETWEEN BASELINE IMPLICIT AND EXPLICIT MEASURES

At baseline, stronger “Escape = Me” implicit associations were associated with greater
Slcomposite Scores (r = .35; P =.006). Baseline “Death = Me” associations were not
significantly associated with Slcomposite Scores (r = .22; P =.10) or with “Escape = Me”
scores (r =.21; P =.12).

EXPLORATORY ANALYSIS: MODERATORS OF OUTCOME

In regression analyses predicting change in Slgomposites the differential effect of ketamine
over midazolam was greatest for those with the highest baseline Slgomposite Scores (baseline
Slcomposite X group interaction: § = .66, P =.004; r = .82, P <.001 for baseline Slcomposite
predicting change in Slgomposite In ketamine group; r = .08, P = .75 for baseline Slgomposite
predicting change in Slgomposite i Midazolam group; Fig. 2). By contrast, non-suicide-
related depression symptom severity at baseline (MADRS-totalgns1) did not moderate
outcome nor predict Sleomposite Change in either group (Ps > .21).

Similarly, history of suicide attempt differentially predicted larger decreases in Slgomposite in
the ketamine but not the midazolam group (suicide attempt history X group interaction: = .
48, P =.02; r =.52, P = .001 for suicide attempt history predicting change in Sl¢omposite in
ketamine group; r = .01, P = .99 for suicide attempt history predicting change in Sl¢omposite
in midazolam group).

Larger implicit Escape = Me IAT D-scores also differentially predicted Slcomposite change in
the ketamine but not the midazolam group (Escape = Me X group interaction: f = .43, P =.

Depress Anxiety. Author manuscript; available in PMC 2014 July 28.


http://wagerlab.colorado.edu/tools

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Price et al.

Page 7

045; r = .38, P = .02 for baseline Slcomposite Predicting change in Sleomposite i ketamine
group; r = -.11, P = .66 for baseline Sl¢omposite Predicting change in Slgomposite I
midazolam group). Death = Me IAT D-scores also moderated outcomes, but showed an
opposing pattern, inversely predicting outcome in the midazolam but not the ketamine group
(Death = Me X group interaction: § = .37, P =.004; r = .14, P = .42 for baseline Slcomposite
predicting change in Slgomposite In ketamine group; r = .45, P = .05 for baseline Slcomposite
predicting change in Slcomposite I Midazolam group).

EXPLORATORY ANALYSIS: MEDIATORS OF OUTCOME

The relationship between group and change in Sleomposite Was fully mediated by change in
MADRS-total,,ong) score at both 4 hr and 24 hr (see Table 3 for all mediation statistics).
Using change in VAS-Euphoric as a mediator, the mediation path was significant at the
trend level. Change in hopelessness (BHS) was related to change in Slgomposite and
marginally related to group, but the a x b mediation path was not significant. No other
examined variables met any of the criteria for mediation (CADSS change, STAI-S change,
IAT change).

DISCUSSION

In the first RCT of ketamine in TRD to use a psychoactive placebo condition, ketamine-
treated patients exhibited large, rapid reductions in explicit suicidal cognition, which were
significantly greater than reductions observed in midazolam-treated patients. While only 7%
of the TRD sample showed no evidence of suicidal cognition at baseline, ketamine
eradicated all self-report and clinician-rated indications of suicidal ideation in 53% of
patients, compared to 24% of patients receiving midazolam. Ketamine also reduced a range
of secondary variables previously linked to increased risk of future suicidal acts, including
implicit suicide-related associations[2!] (specifically, Escape = Me associations),
hopelessness,[32] and state anxiety,[34] although evidence for a specific benefit of ketamine
over midazolam in these secondary analyses was mixed (Table 2), highlighting the
importance of a controlled design in evaluating both antisuicidal efficacy and related
mechanisms. Overall depression decrease mediated ketamine-specific anti-suicidal effects.
Robust effects were observed in spite of factors constraining power in the current analyses,
including low-to-moderate baseline levels of suicidality in the current sample and anxiolytic
effects of midazolam, supporting the strength of ketamine’s impact on suicidality. In sum,
results are consistent with the contention that ketamine’s rapid antidepressant actions could
have life-saving potential.

Individuals with the highest levels of baseline suicidal cognition, assessed both explicitly
and implicitly, as well as individuals endorsing a history of suicide attempt, showed the
greatest differential effects of ketamine over midazolam, suggesting that ketamine may work
most efficaciously in individuals at the highest risk of suicide (Fig. 2). Given that imminent
suicide risk and urgent need for inpatient hospitalization were safety exclusions in this RCT,
further studies in samples selected for high risk are clearly warranted and would provide an
essential next step in validating preventative clinical applications in suicidal patients.
Personalized medicine, a goal in psychiatric care that has yet to be realized, would be
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advanced by follow-up studies assessing whether these moderators of ketamine-specific
anti-suicidal effects might also moderate response when multiple bona fide treatment
conditions are used.

The mechanisms of ketamine’s antidepressant actions are the subject of ongoing inquiry,
with preclinical and clinical reports suggesting roles for increased AMPA-to-NMDA
receptor throughput,[39] enhanced synaptic connections in cortical and hippocampal neurons,
and stimulation of brain-derived neurotrophic factor signaling.[40’ 41 Posited mechanisms of
suicidality include both psychological (state anxiety/agitation, hopelessness, impulsivity)
and biological (reduced serotonin turnover, impaired prefrontal function) factors.[34’ 42,431
Our study bridges these literatures by providing initial data on mechanisms of ketamine’s
antisuicidal effects. A recent report indicated that suicide attempts and high suicidal intent
are specifically associated with increases in the inflammation marker quinolinic acid, an
NMDA-receptor agonist, suggesting a potential direct pathway from ketamine’s NMDA
antagonist action to reductions in suicidality.[*4] However, using a range of clinical
constructs with relevance to suicide, the most robust mediator of ketamine’s antisuicidal
effects in the current cohort was reduction in overall (nonsuicide related) depressive
symptoms. Thus, in the context of TRD, ketamine’s antisuicidal and antidepressant
properties appear to be one and the same. Further studies in diagnostically heterogeneous
cohorts are needed to assess whether ketamine also exhibits independent, suicide-specific
effects, outside the context of depression symptom reduction.

Marginal evidence for a mediating role of psychological “target engagement” during
infusion, as assessed by a one-item index of euphoric mood, was also found, suggesting
downstream reductions in suicidality are more likely in individuals who experience a “high”
during ketamine infusion. This relationship may indicate that suicidality reduction depends
upon the efficiency of acute glutamate-mediated drug actions, which include transient
euphoria.[23] Another common side effect potentially reflecting ketamine target engagement
(dissociation) did not similarly mediate suicidality reduction, which could be due to
restricted range, as dissociative effects were mild in the current study.[11] Alternatively, this
pattern of findings could suggest that experiencing temporary euphoria during the infusion is
specifically helpful in reducing the desire to die up to 24 hr later. The moderating effect of
euphoria is unlikely to reflect enhanced placebo responses in individuals reporting “high”
feelings, as the same association was not observed in the midazolam group in spite of
reports of feeling “high” in the majority of patients (63%). Studies directly assessing drug
binding/NMDA-receptor target engagement would help to clarify the nature of this potential
mechanism.

Evidence for the clinical utility of the IAT as a performance-based index of suicidality was
mixed. Fully consistent with our previous open-label trial,[12] Escape = Me associations
were uniquely correlated with explicit suicidal cognition at baseline, while Death = Me
associations were unrelated to suicidality. Notably, we also replicated a pattern of change in
IAT performance observed in our previous report: change from pre-to-post-ketamine was
evident specifically in Escape = Me associations but not Death = Me associations. Finally,
while greater baseline Escape = Me scores predicted better outcome in the ketamine group,
consistent with other indices of increased suicide risk, larger Death = Me scores predicted a
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different pattern: decreased likelihood of explicit suicidality reduction following midazolam,
suggesting reduced placebo-responsiveness of suicidality. While Escape = Me associations
consistently perform in accordance with hypotheses in our TRD studies, Death = Me
associations have been specifically linked to prospective risk of suicide attempt,[21] and have
greater face validity as a suicide assessment. These replicated findings could suggest that in
the context of a highly chronic TRD sample with heterogeneous magnitudes of explicit
suicidality, the desire to escape is more salient and/or more strongly effected by ketamine
than the desire to die, or that Death = Me associations are insufficiently elevated at baseline
to allow for detection of change. The observation of significant changes in Escape = Me
associations in the ketamine but not the midazolam treatment group suggests that identical
changes in our previous open-label study were not merely a practice effect; however, the
lack of a significant treatment effect in omnibus tests does not permit strong inferences
regarding ketamine-specific effects. This is likely due to insufficient power, given low
baseline rates of strong Escape = Me associations and substantial variance routinely
observed in performance-based measures (achieved power for treatment x time interaction =
0.50; n =108 needed for power = 0.80). While explicit measures were more robust in the
current research context, future work is nevertheless warranted to assess whether the IAT
can improve assessment of suicide risk and treatment-related change in clinical settings,
where motivation to conceal suicidal thoughts may be prevalent.[16]

Several limitations of the current study should be noted. Although ketamine’s large effect
sizes on explicit symptom measures obviate the need for standard RCT sample sizes, power
for implicit analyses may have been constrained. Generalizability of findings may be limited
to patients meeting study enrollment criteria, including absence of imminent suicide risk;
furthermore, only 30% of patients reported history of suicide attempt. It is therefore unclear
how findings would apply to patients with more urgent suicide risk levels, particularly given
that Sl reduction is only an indirect index of suicide risk. Moderator and mediator analyses
focused on self-report, clinician-rated, and behavioral measures, to the exclusion of
biological variables. Future translational studies should aim to explore biological and
psychological mechanisms in concert in order to delineate the full pathway from biological
intervention to psychological outcome.

These limitations notwithstanding, the current study improves substantially on previous
work, which has exclusively used saline placebo arms or open-label designs in small
samples, and provides the first insights into moderators and psychological mechanisms of
ketamine’s antisuicidal effects, which are strongly intertwined with overall antidepressant
effects in TRD. These results add to a growing literature suggesting ketamine may have the
potential to be life-saving for acutely suicidal patients. Given that current options in the
clinical management of acute suicidality are severely limited, future studies are warranted to
assess whether these rapid effects can be (1) extended to high-risk samples and (2)
prolonged, e.g., through repeated ketamine infusions, or through synergistic combinations
with more durable, but slower-to-act, strategies (cognitive therapy, conventional
medications).
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Figure 1.
Baseline and 24 hr post infusion scores (means with SEM) on the primary outcome measure

(Slcomposites Standardized around baseline means) and percentage of patients scoring 0 on all
three explicit suicide measures, as a function of intervention (ketamine vs. midazolam).
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Figure 2.
Moderating effect of baseline Slcomposite Scores on differential change in Slgomposite as @

function of intervention group (ketamine vs. midazolam). Baseline Slgomposite SCOres explain
67% of variance in Slcomposite Change in the ketamine group (blue/solid dots), and <1% of
variance in the midazolam group (red/hollow circles), suggesting differential benefits of
ketamine versus midazolam increase as baseline scores increase.
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TABLE 1

Baseline descriptive and clinical characteristics of primary sample

Ketamine group (n =36) Midazolam group (n = 21)

Age, mean (SD), y 48.6 (11.4)
Female, No. (%) 20 (56%)
Non-Hispanic Caucasian, No. (%) 22 (61%)
Mini mental status examination, mean (SD) 29.6 (0.9)
Median education level, y 14
Time since illness onset, mean (SD), y 24.3 (12.4)
Age-of-onset, mean (SD), y 22.9(9.6)
Number of episodes, mean (SD) 1.9(1.7)
Duration of current episode, mean (SD), y 11.6 (14.3)
Number of failed antidepressant trials in current episode, mean (SD) 5.1(1.9)
History of suicide attempts, No. (%) 10 (28%)
MADRS total score (baseline), mean (SD) 33.3(5.6)
QIDS total score (baseline), mean (SD) 16.6 (4.2)
BSS, mean (SD) 6.1 (6.8)
BSS score = 4, No. (%) 19 (52.8%)
All suicidal indices = 0, No. (%) 4 (11.1%)

43.8 (10.9)
10 (48%)
16 (76%)
29.6 (0.5)

16

21.5 (15.3)

20.4 (10.4)
23(2.1)
7.8 (8.8)
5.4 (1.9)

8 (38%)
32.4(4.8)
16.5 (4.7)
6.2(6.7)
11 (52.4%)
0 (0%)

Page 15

Note: Groups do not differ significantly on any variable according to unpaired t-tests (continuous variables; Ps > .13) and XZ tests (categorical
variables; Ps > .25). MADRS, Montgomery-Asberg depression rating scale (16); QIDS, quick inventory of depressive symptoms (self-report);
BSS, Beck scale for suicide ideation; “All suicidal indices” includes MADRS and QIDS suicide items and BSS.
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TABLE 2

Ketamine effects on explicit and implicit suicidality and related measures

Ketamine (n = 36)& Midazolam (n = 21)&
Within-groups effect size: Within-groups effect size:
Measure Mean (SD) Cohen’s d [95% CI] Mean (SD) Cohen’s d [95% CI]
Slcomposite
Baseline 0.15 (2.66) d=1.06 [0.57-1.55] -0.21 (2.12) d=0.29 [0.01-0.57]
24 hrpost infusion  _p 73 (1,63)***8 -0.91 (2.52)"8
BSS
Baseline 6.11 (6.76) d =0.88 [0.45-1.30] 6.19 (6.68) d =0.34 [0.05-0.63]
24 hrpost infusion 113 (2.65)** 3.95 (6.46)
MADRS-SI
Baseline 1.61(1.37) d=0.72 [0.27-1.17] 1.48 (1.03) d=0.20 [-0.16 —0.58]
24 hr postinfusion .72 (1.05)°** 1.24 (1.26)
QIDS-SI
Baseline 0.97 (0.84) d=1.04 [0.56-1.51] 0.76 (0.76) d=0.18 [-0.18-0.56]
24 hrpostinfusion ¢ 22 (0.54)** 0.62 (0.74)
BHS
Baseline 12.79 (4.92) d=0.90 [0.52-1.27] 10.65 (5.85) d = 0.49 [0.05-0.93]
24 hr post infusion 7.20 (6.48)*** 7.65 (6.25)*
STAI-S
Baseline 58.97 (9.70) d=1.21[0.74-1.69] 57.50 (9.82) d=0.98 [0.37-1.60]
24 hr post infusion 41 91 (16.31)"*" 44.10 (15.93)" ™"
|AT: Escape = Me
Baseline -0.25 (0.40) d =0.58 [0.09-1.07] -0.36 (0.34) d =0.09 [-0.47-0.66]
24 hrpost infusion  _0 48 (0.39)"" -0.39 (0.32)
IAT: Death = Me
Baseline -0.39 (0.45) d = -0.06 [0.41-0.28] -0.54 (0.47) d =-0.37 [0.98-0.23]
24 hr post infusion -0.36 (0.48) -0.39 (0.30)

Note: Slcomposite, composite explicit suicidal ideation index; BSS, Beck scale for suicidal ideation (17); MADRS-SI = Montgomery-Asberg
Depression Rating Scale (16) Suicidality Item; QIDS-SI, quick inventory of depressive symptoms suicidality item; BHS, Beck hopelessness scale;
STAI-S, Spielberger state-trait anxiety inventory, state form; IAT, implicit association test (5).

Within-groups baseline and post-infusion scores compared by paired t-tests with bootstrapping significance test; for non-primary outcomes,
multiple comparisons correction applied separately across explicit measures (5 measures) and implicit measures (2 measures); baseline-to-post
infusion effect size (d) calculated from means, SDs, and pre-post correlation coefficients (20).

* k%
§P <.001 (primary outcome)

*
§P < .05 (primary outcome)

* k%
P <.002 unadjusted for multiple comparisons, P < .01 adjusted

*

*
P =.01 unadjusted, P = .02 adjusted

*
P < .05 unadjusted, P < .25 adjusted.
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aTotal nreduced to 54 for IAT, BHS, and STAI-S.
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TABLE 3

Mediation statistics for mediators of relationship between treatment group and change in Slcomposite

Path b: M->Slcomposite Path a xb: Treatment->M->
M: Path a: Treatment->M (controlling for treatment) Slcomposite
Measures collected concurrently with Sleompesite (baseline and 24 hr)
Change in MADRS,5n) b =8.8; tys = 3.5; R2=.18; P < 001 b=.10; ts3=3.6; R2=.19; P =.90; t53=2.3; R2=.09; P =,
<001 001
Change in BHS b=26;t53=1.6; R2=.11; P=.09 b=.16; ts3=3.0; R2=.15; P b=.43;ts3=13; R2=.03; P=.
=.002 12
Change in STAI-S b=3.7;t53=.85; R = .01; P = .38 b=.03; ts3 =.88; R2 = .01; P b= .16; ts3 = .61; R? = .01; P =
=.42 68
Change in Escape = Me IAT b= .13;t53=1.0; R? =.02; P=.33 b=.05; ts3 =.09; R < .01; P = .01 t53=.07; RR< .0L; P=.
=.96 91
Change in Death = Me IAT b=.12;t53=.76; R? = .01; P = .44 b= .58; ts3 =.83; R? =.01; P b=.05; ts3=.34, R2<.01; P=.
=.43 31
Measures temporally preceding change in Sleomposite
Change in MADRSons b=6.1;ts=2.6; R2=.11;P=.009 b=.08;ts5g=2.1; R2=.07;P  b=.48;t55=1.6; R2=.04; P=.
baseline to 4 hr =.02 04
Change in VAS-Euphoric: b=22;tss=34;R2=.17;P<001  b=.23;t5s=20; R2=.07;P  b=.52;tss=1.7; R2=.05;P=.
baseline to 40 min =.06 09
Change in CADSS: b=14.8;1t5=59;R?=.38; P<001 b=.04;ts5=.99; R2=.02; P b=.67;t5=.98; R2=.02;P=.
baseline to 40 min = .46 49

Note: Paths with P < .05, unadjusted (derived via bootstrapping) appear in bold; paths with P < .10, unadjusted appear in bold italics; X = group
(ketamine vs. midazolam), M = mediator (found in column 1), Y = change in composite suicidal ideation index (Slcomposite). Path ¢, which was
held constant across all analyses (the effect of treatment group on change in Slcomposite), Was also significant (b = 1.7; t56 = 2.6; P =.009);

therefore mediation criteria are met when path’s a, b and a x b are all significant. MADRS-SI, Montgomery-Asberg Depression Rating Scale (16)
Suicidality Item; MADRSponS|, sum of all other MADRS items, sleep and appetite items carried forward from baseline; BHS, Beck hopelessness

scale; STAI-S, Spielberger State-Trait Anxiety Inventory, State Form; IAT, implicit association test (5).
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