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Objective: Suicidal ideation is a medical emergency,
especially when severe. Little research has been done
on pharmacologic interventions that could address this
problem. Ketamine, an N-methyl-p-aspartate antago-
nist, has been reported to have antidepressant effects
within hours. We examined the effects of a single
dose of ketamine on suicidal ideation in subjects with
treatment-resistant major depressive disorder (MDD).

Method: Thirty-three subjects with DSM-IV-
diagnosed MDD received a single open-label infusion
of ketamine (0.5 mg/kg) and were rated at baseline
and at 40, 80, 120, and 230 minutes postinfusion with
the Scale for Suicide Ideation (SSI), the Montgomery-
Asberg Depression Rating Scale, the Hamilton
Depression Rating Scale, and the Beck Depression
Inventory. The study was conducted between
October 2006 and January 2009.

Results: Suicidal ideation scores decreased signifi-
cantly on the SSI as well as on the suicide subscales of
other rating instruments within 40 minutes; these de-
creases remained significant through the first 4 hours
postinfusion (P<.001). Ten subjects (30%) had an SSI
score >4 at baseline; all these scores dropped below 4
(9 dropped by 40 minutes and 1 by 80 minutes). For
those patients with a starting score below 4 on the SSI,
only 1 reached a score of 4. Depression, anxiety, and
hopelessness were significantly improved at all time
points (P<.001).

Conclusions: Suicidal ideation in the context
of MDD improved within 40 minutes of a ketamine
infusion and remained improved for up to 4 hours
postinfusion. Future studies with ketamine in suicidal
ideation are warranted due to the potential impact on
public health.

Trial Registration: clinicaltrials.gov Identifier:
NCT00088699
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I ndividuals with serious psychiatric disorders commit sui-
cide in disproportionate numbers, and the vast majority
of patients who display suicidal behavior have major depres-
sive disorder (MDD). Indeed, greater severity of depression
has been associated with more suicide attempts.! In addition,
anxiety and hopelessness seem to increase suicide risk in de-
pressed patients."> Among 4,027 enrollees in the Sequenced
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Treatment Alternatives to Relieve Depression (STAR*D)
study, 16.5% reported previous suicide attempts.! When
analyses controlled for age, gender, and depressive symp-
tom severity, previous suicide attempters had more current
general medical conditions (P<.0001), more current alcohol
and substance abuse (P<.001), more work hours missed in
the past week (26.2% versus 18.2%, P<.0001), and more cur-
rent suicidal ideation (61.3% versus 45.5%, P<.0001) than
nonattempters.! The results suggest that depression with
suicidal behavior is a more severe form of the illness that
requires more aggressive treatment.

Suicidal ideation or attempts in patients with MDD is
a serious and emergent condition that requires immediate
treatment. A recent study of patients who attempted suicide
found that 74% said the decision-making period (ie, the
period between decision and attempt) was very short—about
10 minutes or less.> While the identification of risk factors
is central to suicide prevention, one crucial factor regards
the timing of suicidal behavior. Studies have found that in-
dividuals with mood disorders are at greatest risk of death
from any cause, including suicide, in the first 2 years after
their diagnosis.* More specifically, studies have consistently
identified the emergency department, the inpatient unit,
time after discharge, and time after starting an antidepres-
sant as time points during which individuals are particularly
vulnerable to suicidal ideation.>~® These circumstances offer
the possibility to intervene quickly and decisively to prevent
suicidal behavior.

Data from the National Hospital Ambulatory Medical
Care Survey indicate that between 1992 and 2001, emer-
gency department visits for suicide attempts and self-injury
increased by 47%, from 0.8 to 1.5 visits per 1,000 in the
US population.'® The risk of suicide attempts occurring in
inpatient units is also a major concern and is the second most
common sentinel event—defined as an unexpected occur-
rence involving death or serious physical or psychological
injury, or the risk thereof —reported to the Joint Commission
on Accreditation of Healthcare Organizations (JCAHO).®
Approximately 1,500 suicides occur in inpatient hospital
units in the United States each year, and a staggering one-
third of these take place while the patient is on 15-minute
checks.”® The JCAHO emphasized the need for around-
the-clock observation for inpatients at high risk for suicide.
However, there are no systematic studies or best-practice
recommendations for patients in this situation.® Another
time during which intervention with suicidal patients may
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be possible is the time following discharge. In a 3-month
case-control study of mortality in 238 psychiatric patients,
Hunt and colleagues® found that 43% of suicides occurred
within a month of discharge. The first week and the first day
after discharge were periods of particularly high risk.®

Various therapeutic interventions to reduce suicide risk
in serious psychiatric disorders are effective in long-term
suicide prevention—most notably, lithium for the treatment
of bipolar disorder!! and, to a lesser extent, MDD,'? as well
as the atypical antipsychotic clozapine in schizophrenia.'?
Different types of psychotherapy have also been shown to
effectively prevent suicidal behavior over the long term.!4-1¢
However, the acute pharmacologic management of suicidal
risk in MDD remains comparatively underinvestigated.'”

Emergency tranquilization with benzodiazepines and/or
antipsychotic drugs is often recommended for patients at
high risk of suicide'®; indeed, the management of signifi-
cant suicidal ideation in an emergency department setting
is often done in the context of agitation. For example, a re-
view!® by the American College of Emergency Physicians
found no class 1 studies for the emergency treatment of non-
psychotic agitation. With regard to atypical antipsychotic
drugs, a recent controlled pharmacologic study'® found that
risperidone significantly reduced suicidal ideation in patients
with MDD compared to placebo. The effects of risperidone
augmentation were apparent at 2 weeks posttreatment and
were sustained for the rest of the 8-week study.

The evidence regarding suicide risk and antidepressants
has often appeared conflicting, a finding usually attributable
to the delayed onset of action of antidepressants. Jick and
colleagues’ observed an increased risk of suicide during the
first month of antidepressant treatment, particularly dur-
ing the first 9 days; individuals showed similar rates of risk
regardless of the chemical class of their antidepressant. In
contrast, other studies?®?! found that suicide attempt rates
either did not change® or were significantly lower among
patients who were treated with antidepressants (particularly
selective serotonin reuptake inhibitors [SSRIs] and tricyclic
antidepressants) compared to those not treated; this protec-
tive effect was seen across all adult age groups.?! Another
concern is that, in the United States, this issue has been
clouded by the Food and Drug Administration’s black box
warning concerning the use of SSRIs in children, adolescents,
and young adults. Regardless of the impact of antidepressants
on suicide risk, the slow onset of action of antidepressants
has prompted consideration of the use of electroconvulsive
therapy (ECT) for severely depressed patients and as a treat-
ment for suicidal ideation.??

In terms of the neurobiology of suicide, the most robust
finding has involved multiple dimensions of serotonergic
dysfunction including reduced central serotonin turnover
and a polymorphism of the serotonin transporter.>* Norad-
renergic and dopaminergic system dysfunction has also been
implicated in suicide. Comparatively, the direct role of the
glutamatergic system in suicide has received little attention.
However, 2 recent studies—the STAR*D?* and the Munich
Antidepressant Response Signature?® projects—found a
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relationship between treatment-emergent suicidal ideation
and the glutamate system, specifically identifying the involve-
ment of the genes GRIA3 and GRIK2.2#* In postmortem
studies, Nowak and colleagues®® reported that the propor-
tion of high-affinity, glycine-displaceable [*'H]CGP-39653
binding to glutamate receptors was reduced in patients who
commiitted suicide compared with control subjects. However,
another study?’ found no difference in the actual number of
N-methyl-p-aspartate (NMDA) receptors in 9 brain regions
of 22 suicide victims and age- and sex-matched controls
compared using [’H]MK-801 binding characteristics.

Notably, we previously reported that the NMDA antago-
nist ketamine resulted in a rapid antidepressant effect within
hours as compared to placebo in a group of patients with
treatment-resistant MDD.?® In that study, we also noted that
the Montgomery-Asberg Depression Rating Scale (MADRS)
suicide subscore improved rapidly (ie, earlier than previously
reported in other pharmacologic studies). However, our pre-
vious study did not permit the inclusion of patients with
significant suicidal ideation, thus minimizing the variance
in suicide subscores.

On the basis of this previous study, we hypothesized
that a single intravenous infusion of ketamine would bring
about a rapid and clinically significant improvement in sui-
cidal ideation within 230 minutes of the infusion. In order
to assess this issue as carefully as possible, inpatients with
treatment-resistant MDD currently experiencing a major
depressive episode were included regardless of severity of
suicidal ideation. Furthermore, we used a sensitive and spe-
cific scale to measure this construct: the Scale for Suicide
Ideation (SSI).?

METHOD

Thirty-three patients aged 18 to 65 years participated in
this inpatient study between October 2006 and January 2009.
Participants fulfilled DSM-IV criteria for MDD and had no
diagnosis of alcohol or substance abuse or dependence in
the past 90 days, as determined by the Structured Clinical
Interview for DSM-IV Axis I Disorders.*° All patients were in
good health and had been unmedicated for at least 2 weeks
prior to the ketamine infusion, as determined by medical
history, physical examination, routine blood laboratories,
electrocardiogram, urinalysis, and urine toxicology. Patients
received a complete description of the study, and written
informed consent was obtained. The study was approved by
the Combined Neuroscience Institutional Review Board of
the National Institutes of Health. Each subject was assigned
a clinical research advocate (CRA) from the Human Subjects
Protection Unit of the National Institute of Mental Health to
monitor the consent process; in addition, CRAs monitored
subjects during research participation from this initial con-
sent throughout study participation.

Patients underwent a single infusion of ketamine hydro-
chloride (0.5 mg/kg), infused over 40 minutes, followed by
double-blind random assignment to riluzole or placebo 6
hours postinfusion. Here we report only the results of the
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Table 1. Demographic and Course of Illness Characteristics at Baseline

examine the change from base-

Group With Baseline Group With Baseline

line to each postinfusion time.

SSI Score >3 SSI Score <4 Total HighvsLow  Significance was evaluated at
Variabl A/Enﬂ(g)f)) A/Enzz(?é)f)) N(IN:?SB) Sgleclore’ P<.05, 2-tailed.
ariable ean ean ean alue . . .
Previous studies have iden-
Age,y 49.3 (13.4) 45.0 (13.9) 46.3 (13.7) 42 ”
Age at onset, y 21.6 (10.4) 20.7 (12.3) 20.9 (11.7) 85 tified a cutoff score >3 as
Length of illness, y 28.8 (11.7) 243 (13.0) 25.5 (12.6) 40 indicating significant suicidal
Length of current episode, mo 92.0 (123.4) 100.7 (148.3) 98.5 (140.3) .88 ideation on the SSI: as a result
Height, cm 174.3 (9.8) 174.2 (11.7) 174.2 (11.0) .98 . . o ’
Weight, kg 90.8 (19.0) 95.7 (28.2) 94.2 (25.6) 62 patients in this study were
Body mass index, kg/m? 29.8 (5.3) 31.2(7.9) 30.8 (7.1) 61 separated into groups with
Chm'ca'I scale ratings at baseline significant suicidal ideation
Suicide . e epe
SSI score 8.7 (7.0) 0.6 (0.9) 3.0 (5.4) <.001 (SSI>3) and without signifi-
HDRS item score 2.3(0.8) 0.5 (0.7) 1.1(1.1) <.001 cant suicidal ideation (SSI<4)
MAD‘RS item score 3.4 (1.0) 1.7 (0.9) 2.2(1.2) <.001 at baseline.?® Youden’s index—
Depression . ff b
HDRS score 245 (5.0) 18.7 (2.7) 20.5 (4.4) <.001 the optimal trade-off between
MADRS score 36.8 (4.5) 316 (3.1) 33.2 (4.3) <.001 sensitivity and specificity—was
Anxiety, HDRS subscale score 7.2(2.3) 59(1.2) 6.3 (1.7) .04 achieved for the SSI scale at a
BPRS score 36.7 (5.8) 35.4 (5.4) 35.8 (5.5) .54
CADSS score 7.9 (12.7) 3.5(5.2) 4.8(8.3) 16 cutoff threshold of >3, a score
n (%) n (%) n (%) P Value that is both clinically significant
Gender, male 6 (60) 14 (61) 20 (61) 96 and an appropriate method for
Education, college graduate 4 (50)* 14 (64)* 18 (60)* .50 detecting significant suicid-
Mood disorder family history 8 (100)* 20 (87) 28 (90)* .28 1 ideati 38 Kapl Mei
Hospitalization, lifetime 7 (70) 10 (43) 17 (52) 16 al 1deation.” Raplan-Meier
Suicidal behavior survival analysis was used to
Ideation examine the mean amount of
Lifetime 9 (90) 11 (48) 20 (61) .02 time f tients with sienifi
Admission 8 (80) 4(17) 12 (36) 001 tme for patients with signiil-
Attempt cant baseline ideation to reach
Self 7(70) 3 (13) 10/(30) 001 minimal ideation (SSI<4). For
Family history 4 (40) 8 (35) 12 (36) 077

For education, there were missing data for 2 individuals in the high SSI group and 1 in the low SSI group;
for mood disorder family history, there were missing data for 2 individuals in the high SSI group.

Abbreviations: BPRS = Brief Psychiatric Rating Scale, CADSS = Clinician-Administered Dissociative States
Scale, HDRS = Hamilton Depression Rating Scale, MADRS = Montgomery-Asberg Depression Rating

Scale, SSI=Scale for Suicide Ideation.

those without significant base-
line ideation, survival analysis
examined how long patients
took to develop significant ide-

open-label ketamine phase (up to 230 minutes postinfu-
sion). This time point was chosen because previous studies
have consistently found that 88% of all responders to keta-
mine reach response criteria by 230 minutes.?®31-3? Ratings
included the MADRS,* the 17-item Hamilton Depression
Rating Scale (HDRS),* the Beck Depression Inventory
(BDI),* the Clinician-Administered Dissociative States Scale
(CADSS),’® the Brief Psychiatric Rating Scale (BPRS),?” and
the SSI.%° Ratings were obtained at baseline (60 minutes prior
to the infusion) and at 40, 80, 120, and 230 minutes postin-
fusion. All items on each scale were used. High interrater
reliability was obtained for both the MADRS (intraclass cor-
relation coefficient=0.88) and the SSI (intraclass correlation
coefficient =0.94).

Statistics

Linear mixed models were used to examine the course
of outcome measures over time, in which time was a fixed
within-subjects factor and a fixed intercept was included.
Schwarz’s Bayesian criteria were used to determine the best-
fitting variance-covariance structure that was a first-order
autoregressive model. A random intercept and random
effect for subject did not add to the model, so they were not
included. Bonferroni-adjusted post hoc tests were used to

J-Clin Psychiatry 71:12, December 2010

PSYCHIATRIST.COM

ation (SSI> 3). The demographic
characteristics of patients with
and without suicidal ideation at baseline were examined
with Student ¢ tests for continuous measures and x* tests for
categorical ones.

RESULTS

Table 1 shows demographic and clinical data for the
full sample as well as for patients with (n=10) and without
(n=23) clinically significant baseline SSI scores. Patients
with greater suicidal ideation at baseline were significantly
more likely to have higher MADRS and HDRS total scores,
higher MADRS and HDRS suicide items, higher HDRS anxi-
ety subscores, and higher rates of past suicidal ideation and
attempts. Paired ¢ tests indicated that the SSI scores did not
change significantly from screening to baseline (a mean of
8.0 [SD=4.1] days) for the total sample (¢,3=1.39, P=.18;
mean change=-1.0 [SD=3.7]), for the group with higher
SSI scores at baseline (t,=0.70, P=.52; mean change=-2.4
[SD=7.6]), or for the group with lower SSI scores at baseline
(t;3=1.58, P=.13; mean change=-0.7 [SD =1.9]), indicating
that scores were relatively stable at baseline.

The linear mixed models with the full sample indicated
significant improvement in all of the suicide scales fol-
lowing ketamine infusion (SSI: F,4,=7.03, P<.001; HDRS
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Figure 1. Course of Suicidal Ideation Within 230 Minutes of Ketamine Infusion in Patients With Treatment-Resistant MDD With

and Without High Baseline Suicidal Ideation (N =33)*b
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*High SSI score was defined as >3; low SSI score was defined as <4.

The values presented are mean scores, with bars representing 1 standard error.
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Abbreviations: BDI =Beck Depression Inventory, HDRS = Hamilton Depression Rating Scale, MADRS = Montgomery-Asberg Depression Rating Scale,

MDD = major depressive disorder, SSI=Scale for Suicide Ideation.

suicide item: Fy 96 =17.25, P<.001; MADRS suicide item:
Fy.110=27.68, P<.001; BDI suicide item: F, ;o3 = 5.82, P<.001)
(Figure 1). On each scale, scores were significantly lower at
40 minutes and remained significantly lower at 230 minutes.
The effect for the full sample was very large at 40 min-
utes (d=1.05; 95% CI, 0.65-1.45) and moderate at 230
minutes (d=0.45; 95% CI, 0.12-0.77).

In the subgroup with baseline SSI scores >3, the effect size
was d=2.36 (95% CI, 1.56-3.16) at 40 minutes and d=1.27
(95% CI, 0.62-1.92) at 230 minutes. At an SSI cutoff of >4,
the effect size was d=3.13 (95% CI, 1.97-4.30) at 40 min-
utes and d=1.84 (95% CI, 0.92-2.75) at 230 minutes. The
same pattern was true for the depression and anxiety total
scores (HDRS: F, 1;;,=29.57, P<.001; MADRS: F, ;,,=36.17,
P<.001; BDI: F,;;,=39.94, P<.001; HDRS anxiety:
F,;115=15.10, P<.001) (Figure 2), as well as for the hopeless-
ness subscale score on the BDI (F, ;o4 =20.46, P<.001).
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All 10 patients (100%) with higher baseline SSI scores
went below an SSI score of 4 within the first hours after the
infusion; 9 of 10 (90%) went below a score of 4 within 40
minutes, and 1 within 80 minutes. The mean time needed
to achieve an SSI score less than 4 was 44 minutes (SE=4
minutes). Six of these patients (60%) reached SSI scores of
zero during the first day, and 5 of these individuals achieved
this reduction within 40 minutes; the remaining individ-
ual achieved this reduction within 80 minutes. For these
patients, the mean time to achieve a score of zero was 120
minutes (SE =29 minutes).

For patients with lower baseline SSI scores, only 1 of 23
patients (4%) went above an SSI score of 3 on the first day
after infusion. This patient took 80 minutes to reach a score
of 4 (from a baseline of 3). Furthermore, no serious adverse
events occurred during the study. The adverse effects noted
were comparable to those that occurred in our previous

J'Clin-Psychiatry 71:12, December 2010
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Figure 2. Course of Depression and Anxiety Within 230 Minutes of Ketamine Infusion in Patients With Treatment-Resistant MDD

With and Without High Baseline Suicidal Ideation (N =33)P
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*High SSI score was defined as > 3; low SSI score was defined as <4.

bThe values presented are mean scores, with bars representing 1 standard error.
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Abbreviations: BDI=Beck Depression Inventory, HDRS = Hamilton Depression Rating Scale, MADRS = Montgomery-Asberg Depression Rating Scale,

MDD = major depressive disorder, SSI=Scale for Suicide Ideation.

study, in which mild perceptual disturbances were observed
in most patients only in the first hour after infusion.?®

DISCUSSION

Thirty-three subjects with treatment-resistant DSM-IV—
diagnosed MDD received a ketamine infusion as part of a
clinical research protocol. Subjects with an SSI score of >3,
indicating substantial suicidal ideation, improved signifi-
cantly within 230 minutes, as assessed by not only SSI total
scores but also MADRS, HDRS, and BDI suicide items. In
fact, the mean time necessary for these individuals to achieve
an SSI score lower than 4 was 44 minutes. The effect size
associated with ketamine use was very large, regardless of
the cutoff used on the SSI scale (eg, >3 or >4).%

The rapidity of this improvement in suicidal ideation and
the magnitude of the effect is especially notable given the

J-Clin Psychiatry 71:12, December 2010

treatment-resistant status of these patients; patients with
more severe depression are at greater risk for more suicide
attempts.! This group of patients had, on average, been ill
for 26 years, and their current major depressive episode was,
on average, of 8 years’ duration; furthermore, 61% of the
patients had a lifetime history of suicidal ideation, and 30%
had a previous suicide attempt. In addition, anxiety and
hopelessness, which are well-recognized risk factors for
suicide, also improved significantly and rapidly during the
course of the study. Rapidly modifying these risk factors
could also impact the short-term risk of suicidal behavior.
Several factors need to be considered in interpreting these
data. Although the sample size was relatively small, 4 different
scales showed comparable improvement in suicidal ideation,
and the effect sizes were very large. In addition, the drug
was administered in an open-label fashion, which could have
biased the reported response; however, it should be noted
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that the improvements in suicidal ideation and depressive
symptoms observed in the present study over the course of
230 minutes closely paralleled the improvement of depres-
sive symptoms seen in our previous controlled study.?® It is
also possible that the results reflect a waxing and waning
of suicidal ideation*’; however, we think this possibility is
unlikely because suicidal ideation in this treatment-resistant
population of depressed patients was sustained over the
course of 8 days prior to ketamine infusion (ie, it did not
differ significantly from admission levels). Finally, it is
important to note that the improvement in suicidal ideation
observed here occurred in the context of severe depression.
Whether ketamine rapidly reduces suicidal ideation in
patients with a diagnosis other than MDD is unknown. In
addition, the length of improvement remains unclear.

Suicide is one of the leading causes of death among young
people worldwide—particularly among those with psychi-
atric disorders. In the past decade, an increased urgency
has accompanied efforts at suicide prevention, leading to
the identification of additional risk factors for suicide, as
well as improved preventive strategies.*! Suicidal ideation
itself is a medical emergency that requires swift and careful
treatment. Unfortunately, few currently available therapeu-
tics can be used to immediately reduce suicidal ideation,
often with tragic consequences. Relatedly, difficulties are
also associated with treating individuals quickly enough
to significantly reduce suicidal ideation; a key example of
this is in the US military, in which the stress of multiple
deployments and the difficulties associated with successfully
treating soldiers in the field have made suicide a particularly
urgent issue.*?

It is clear that our preliminary results need to be
interpreted with caution given the small group size and the
open-label nature of the study. Nevertheless, the significant
and often rapid response seen in some individuals who were
refractory to many traditional antidepressants suggests that
directly modulating the glutamatergic system may ulti-
mately be effective in treating suicidal ideation. Due to the
potentially significant impact on public health, further stud-
ies are needed to confirm these preliminary findings, and
the continued examination of the role of the glutamatergic
system in the pathophysiology and acute pharmacologic
treatment of suicidal ideation is clearly warranted.

Drug names: clozapine (Clozaril, FazaClo, and others), ketamine
(Ketalar and others), riluzole (Rilutek and others), risperidone
(Risperdal and others).
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