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Replication of Ketamine’s Antidepressant Efficacy in
Bipolar Depression: A Randomized Controlled
Add-On Trial
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Anibal Cravchik, Jessica Selter, Craig A. Marquardt, Victoria Liberty, and David A. Luckenbaugh

Background: Currently, no pharmacological treatments for bipolar depression exist that exert rapid (within hours) antidepressant or
antisuicidal effects. We previously reported that intravenous administration of the N-methyl-D-aspartate antagonist ketamine produced
rapid antidepressant effects in patients with treatment-resistant bipolar depression. The present study sought to replicate this finding inan
independent sample.

Methods: In this double-blind, randomized, crossover, placebo-controlled study, 15 subjects with DSM-IV bipolar | or Il depression
maintained on therapeutic levels of lithium or valproate received a single intravenous infusion of either ketamine hydrochloride (.5 mg/kg)
or placebo on 2 test days 2 weeks apart. The primary outcome measure was the Montgomery-Asberg Depression Rating Scale, which was
used to rate overall depressive symptoms at baseline; at 40, 80, 110, and 230 minutes postinfusion; and on days 1, 2, 3, 7, 10, and 14
postinfusion.

Results: Within 40 minutes, depressive symptoms, as well as suicidal ideation, significantly improved in subjects receiving ketamine
compared with placebo (d = .89, 95% confidence interval = .61-1.16, and .98, 95% confidence interval = .64-1.33, respectively); this
improvement remained significant through day 3. Seventy-nine percent of subjects responded to ketamine and 0% responded to placebo
at some point during the trial. The most common side effect was dissociative symptoms, which occurred only at the 40-minute time point.

Conclusions: This study replicated our previous finding that patients with bipolar depression who received a single ketamine infusion
experienced a rapid and robust antidepressant response. In addition, we found that ketamine rapidly improved suicidal ideation in these

patients.
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psychiatric disorders (1,2). While a number of treatments are

frequently prescribed for bipolar depression, none rapidly
improve depressive symptoms—including suicidal ideation—
within a matter of hours or a few days (3-5). Such limitations signif-
icantly contribute to the life disruptions experienced by individuals
with this disorder, and the delay in treating suicidal behavior is an
issue of particular concern in this already vulnerable population (5).
Hence, a treatment for bipolar depression that exerted rapid anti-
depressant and antisuicidal effects would have a major impact on
quality of life for individuals with bipolar depression, as well as on
public health in general.

Over the past decade, findings from preclinical, postmortem,
and clinical studies have consistently implicated the glutamatergic
system as a prime target system for developing the next generation
of antidepressants, particularly by targeting the N-methyl-D-aspar-
tate (NMDA) receptor complex (6). Postmortem studies reported
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decreased NR1 and NR2A transcript expression in the postmortem
hippocampal tissue of individuals with BPD (7). In addition, de-
creased NMDA receptor expression was found to be associated
with cytoplasmic postsynaptic density signaling proteins in individ-
uals with BPD (8); for instance, decreased postsynaptic density pro-
tein 95 levels were observed in the dentate of individuals with BPD
(9). Furthermore, polymorphisms of the GRINT, GRIN2A, and GRIN2B
genes appear to confer susceptibility to BPD (10-12); however, not
all studies replicated this finding (13).

The role of the glutamatergic system in suicide has received
considerably less attention; virtually no studies have examined this
relationship in BPD. However, a link between treatment-emergent
suicidal ideation and the glutamate system has been suggested in
major depressive disorder (MDD)—specifically the involvement of
the GRIA3 and GRIK2 genes (14,15). Postmortem studies have also
reported NMDA receptor alterations in brain regions in suicide
victims (16,17).

Preclinical studies have demonstrated the antidepressant and
anxiolytic-like effects of the NMDA antagonist ketamine (18-22).In
humans, an initial trial in subjects with treatment-resistant MDD
found that ketamine improved depressive symptoms within 72
hours postinfusion (23). Subsequently, a double-blind, placebo-
controlled, crossover study confirmed this finding, showing that a
single ketamine infusion in patients with treatment-resistant MDD
had rapid (within 2 hours postinfusion) and relatively sustained
antidepressant effects (lasting 1 to 2 weeks) (24). This finding has
since been reported in several other studies of MDD patients (25—
28); notably, the magnitude and time frame of onset and duration
of response to ketamine are remarkably similar across studies.

Building on this work, we recently conducted a clinical trial
showing that a single intravenous ketamine infusion had antide-
pressant effects in 18 patients with treatment-resistant bipolar de-
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pression who were concomitantly receiving either lithium or val-
proate (4). In that double-blind, placebo-controlled, crossover
study, subjects received a single infusion of ketamine or saline
solution. Depressive symptoms were significantly reduced within 1
hour in those patients receiving ketamine, and these improve-
ments lasted well beyond the expected duration of ketamine’s
direct action at NMDA receptors; in contrast, the placebo group
showed no significant change in severity of depressive symptoms.

It is also interesting to note that other studies have demon-
strated that ketamine has significant and rapid antisuicidal effects
in MDD patients (29-31). In one study, 26 patients with treatment-
resistant MDD had significantly reduced Montgomery-Asberg De-
pression Rating Scale (MADRS) suicide subscale scores 24 hours
after a single ketamine infusion (30). In another study of 33 subjects
with treatment-resistant MDD who received a single ketamine in-
fusion, suicidal ideation scores decreased significantly within 40
minutes, an effect that remained significant for 4 hours postinfu-
sion (29). No study to date has reported rapid antisuicidal effects
associated with ketamine in patients with bipolar depression.

The objectives of the present controlled trial were to repli-
cate—in an independent sample—our original finding that ket-
amine exerts rapid antidepressant effects in patients with bipolar
depression. Based on our previous work, we hypothesized that a
single intravenous ketamine infusion would exert a rapid and clin-
ically significant improvement in depressive symptoms within 230
minutes postinfusion in these patients. To assess these issues as
carefully as possible, only patients with BPD currently experiencing
a major depressive episode were included in the patient sample.

Methods and Materials

Participants were male and female subjects, aged 18 to 65 years,
diagnosed with bipolar disorder type | (BPD 1) or type I (BPD Il)
without psychotic features, and currently experiencing a major de-
pressive episode of at least 4 weeks duration as diagnosed by the
Structured Clinical Interview for Axis | DSM-IV Disorders-Patient
Version (32). Final diagnoses of bipolar depression and other Axis |
disorders were made as a general consensus decision by three
clinicians using all available clinical information (Structured Clinical
Interview for Axis | DSM-IV Disorders-Patient Version, clinical inter-
views, and—in most cases—interviews with someone who knew
the patient well). Subjects were studied as inpatients at the National
Institute of Mental Health (NIMH) Mood Disorders Research Unit in
Bethesda, Maryland, between July 2009 and August 2011. Subjects
were required to have a MADRS score of =20 at screening and at
the start of each ketamine/placebo infusion. Patients were also
required to have previously failed at least one adequate antidepres-
sant trial (as assessed by the Antidepressant Treatment History
Form-modified [33]) and to have failed a prospective open trial of a
mood stabilizer while at the NIMH (lithium or valproate for atleast 4
weeks at therapeutic levels [serum lithium .6-1.2 mEqg/L or valproic
acid 50-125 pg/mL]).

All participants were in good physical health as determined by
medical history, physical examination, blood labs, electrocardio-
gram, chest x-ray, urinalysis, and toxicology. No comorbid sub-
stance abuse or dependence for at least 3 months before enrolling
in the study was allowed. A comorbid Axis | diagnosis of anxiety
disorder was permitted if the disorder had not been the primary
focus of treatment within 12 months before screening.

Exclusion criteria included any serious unstable medical condi-
tion, previous treatment with ketamine, or concomitant treatment
with psychotropic medications other than lithium or valproate in
the 2 weeks before randomization (5 weeks for fluoxetine). Female
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subjects could notbe pregnant or nursing. The study was approved
by the Combined Neuroscience Institutional Review Board at the
National Institutes of Health. All subjects provided written informed
consent and were assigned a Clinical Research Advocate from the
NIMH Subjects Protection Unit to monitor the consent process, as
well as research participation throughout the study.

The effect size (Cohen’s d) comparing ketamine and placebo at
day 1 from the initial study in patients with BPD was .67. Making
standard assumptions of 80% power and p * .05, two-tailed, we
estimated that a minimum of 20 patients would be required to
replicate this effect. An interim analysis was allowed after 60% of
the patients finished the study.

Study Design

This single-center, double-blind, randomized, crossover, place-
bo-controlled study was conducted to assess the efficacy and safety
of a single intravenous infusion of the NMDA antagonist ketamine
combined with lithium or valproate therapy for the treatment of
BPD | or BPD Il depression. Patients were required to take either
lithium or valproate within the specified range during the entirety
of the study; this was regardless of whether they were already at
therapeutic levels of lithium or valproate at admission. They re-
ceived no other psychotropic medications (including benzodiaz-
epines) or structured psychotherapy. Lithium and valproate levels
were obtained weekly. Vital signs and oximetry were monitored
during the ketamine infusion and for 1 hour postinfusion. Electro-
cardiogram, complete blood counts, electrolyte panels, and liver
function tests were obtained at baseline and study end point.

After nonresponse to open treatment with lithium or valproate,
as well as a 2-week drug-free period (except for treatment with
lithium or valproate), subjects received intravenous infusions of
ketamine hydrochloride (.5 mg/kg) and saline solution 2 weeks
apart using a randomized, double-blind, crossover design. The
study design and the dose of ketamine used were based on our
previous study of patients with bipolar depression (4). Patients
were randomly assigned to the order in which they received the
two infusions via a random numbers chart. Study solutions were
supplied in identical 50-mL syringes containing either .9% saline or
ketamine with the additional volume of saline to total 50 mL; when
dissolved in .9% saline, ketamine forms a clear solution. Infusions
were administered via a Baxter infusion pump (Deerfield, lllinois)
over 40 minutes by an anesthesiologist in the perianesthesia care
unit. All staff, including the anesthesiologist, were blind to whether
placebo or drug was being administered.

Outcome Measures

Subjects were rated 60 minutes before the infusion and at 40, 80,
110, and 230 minutes postinfusion. They were also rated on days 1,
2,3,7,10, and 14 postinfusion. The MADRS was the primary out-
come measure. Secondary outcome measures included the 17-item
Hamilton Depression Rating Scale (HDRS) (34), the Beck Depression
Inventory (BDI) (35), the Visual Analogue Scale (VAS) (36), the Ham-
ilton Anxiety Rating Scale (HAM-A) (37), the Brief Psychiatric Rating
Scale (38), the Clinician Administered Dissociative Scale (39), and
the Young Mania Rating Scale (YMRS) (40). The HAM-A was ob-
tained at all time points except for 40, 80, and 110 minutes postin-
fusion. Ratings for symptoms that could not change over brief
periods of time (e.g., sleep, appetite) were carried forward from the
initial ratings for those time points. Patient ratings were performed
by research nurses and/or psychologists who trained together to
establish reliability. High interrater reliability was obtained for the
MADRS (intraclass correlation coefficient [ICC] = .82), HDRS (ICC =
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Table 1. Demographic and Clinical Characteristics (n = 15)

Mean SD
Age (Years) 46.7 104
Length of lliness (Years) 30.6 11.2
Length of Current Episode (Months) 209 27.5
Psychotropic Medications at Admission 37 1.5
Length of Therapeutic Mood Stabilizer 63.3 98.7
Before Randomization (Days)
Lifetime Antidepressant Trials 9.7 4.3
n %
Sex (Female) 8 53
Education
College/graduate school 5 33
Incomplete college 9 60
High school 1 7
Disability 8 53
Unemployed 12 80
Family History
Mood disorder 13 87
Alcohol abuse or dependence 11 73
Life History
Suicide attempt 6 40
Sexual abuse 2 13
Lifetime Diagnosis
Alcahol abuse or dependence 9 60
Substance abuse or dependence 6 40
Anxiety disorder 1 73
Psychosis 5 33
Bipolar Subtype
! 9 60
Il 6 40
Rapid Cycling
Past 12 months 0 0
Lifetime 9 60
Mood Stabilizer
Lithium 1 73
Valproate 4 27

91), and YMRS (ICC = .90). Throughout the study, the same rater
conducted most ratings for an individual patient.

Statistical Analyses

The primary intent-to-treat analysis included all available data.

Linear mixed models were used to examine the effect of ket-
amine compared with placebo over the course of 2 weeks for each
phase of the crossover study. Time, drug, and infusion were within-
subjects factors. Fixed main effects and an interaction were in-
cluded for time and drug along with a main effect of infusion.
Restricted maximum likelihood estimates were used with a first-
order autoregressive covariance structure. The fixed intercept was
included, but no random effects contributed to the model. Bonfer-
roni-corrected simple effects tests were used to determine the tim-
ing of drug differences with significantinteractions. Cohen’s dis the
reported effect size with confidence intervals following Bonferroni
correction. Significance was evaluated at p == .05, two-tailed.

Kaplan-Maier proportional hazards survival analysis was used to
determine the length of time to response and remission. Rates of
response (50% improvement from baseline on MADRS) and remission
(defined as a MADRS score < 10) were examined at each time point.
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Results

Patients

15 patients with bipolar depression were randomized. Demo-
graphic and clinical characteristics, as well as treatment history of
the patient sample, are summarized in Tables 1 and 2. Patients
received their firstinfusion an average of 53.9 (SD = 12.7) days after
entering the hospital. During that time, MADRS scores did not
change significantly (p = .26).

11 (73%) of the 15 randomized patients completed both phases
of the protocol. All four patients who dropped out of the study did
so in the first phase; at the time, 3 had received ketamine and 1 had
received placebo. 2 of the dropouts who received ketamine re-
sponded briefly and then began to lose improvement, 1 after 7 days

Table 2. Medication Use During Current Major Depressive Episode and
Lifetime (n = 15)

Current Lifetime
Medication/Treatment n % n %
Lithium® 11 73 15 100
Antidepressants?
SSRI 5 33 14 93
Bupropion 5 33 12 80
Duloxetine 3 20 1 73
Mirtazapine 3 20 9 60
Venlafaxine 1 7 11 73
TCA 1 7 10 67
MAOI 1 7 7 47
Trazodone 1 7 7 47
Nefazodone 1 7 5 33
Antipsychotics
Aripiprazole 3 20 10 67
Olanzapine®® 3 20 7 47
Quetiapine? 2 13 10 67
Risperidone 1 7 9 60
Ziprasidone 0 0 5 33
Conventional 0 0 2 13
antipsychotics
Anticonvulsants
Lamotrigine® 5 33 12 80
Valproate 4 27 8 53
Carbamazepine? 2 13 6 40
Oxcarbazepine 0 0 4 27
Gabapentin 0 0 3 20
Topiramate 0 0 1 7
Somatic Treatments
EGT* 1 7 6 40
VNS 0 0 1 7
Other
Thyroid augmentation 4 27 7 47
Stimulant 2 13 6 40
Modafinil? 0 0 5 33
Pramipexole” 0 0 2 13

ECT, electroconvulsive therapy; MAOI, monoamine oxidase inhibitor;
SSRI, selective serotonin reuptake inhibitor; TCA, tricyclic antidepressant;
VNS, vagal nerve stimulation.

“Adequate trial based on the Antidepressant Treatment History Form,
modified to include adequate trial definition for quetiapine, newer antide-
pressants, modafinil, pramipexole, and atypical antipsychotic drugs (modi-
fied from [33]).

bSix subjects had failed olanzapine + selective norepinephrine reuptake
inhibitor/selective serotonin reuptake inhibitor (fluoxetine/or other selec-
tive serotonin reuptake inhibitor).
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and the other after 3 days. The other 2 dropouts did not reach
response criteria and left the study after 3 days.

14 (93%) patients received the ketamine infusion and 12 (80%)
received the placebo infusion. 11 of 14 (79%) patients completed
the ketamine phase, and 11 of 12 (92%) patients completed the
placebo phase.

90f 11 (82%) patients receiving lithium completed the full study;
1 dropped out during the ketamine phase, and 1 dropped out
during the placebo phase. 2 of the 4 (50%) patients receiving val-
proate completed the study; both dropped out during the ket-
amine phase. Mean lithium levels were .8 mEq/L (SD = .1)and mean
valproate levels were 78.0 pg/mL (SD = 15.5).

Efficacy

With the intent-to-treat sample, the linear mixed model with the
MADRS showed a significant drug by time interaction [F(10,187) =
5.94, p <<.001]. Post hoc tests indicated significantly fewer depres-
sive symptoms in patients who received ketamine versus those
who received placebo from 40 minutes to 3 days postinfusion (Fig-
ure 1). After correction for multiple comparisons, no significant
difference between the drugs was observed at baseline orat days 7,
10, 0r 14 (p = .83, p = .34, p = .93, and p = .19, respectively). The
effects were moderate to large at 40 minutes (d = .89, 95% confi-
dence interval [CI] = .61-1.16) through 230 minutes (d = .85, 95%
Cl = .57-1.14) and moderate to large at day 1 (d = .70, 95% Cl =
42-98) and day 2 (d = .65,95% CI = .37-.93). The biggest effect size
was observed at 40 minutes postinfusion.

When only those who completed the study were examined, the
drug by time interaction was significant [F(10,145) = 4.95, p <
.001]. Differences between the drugs were observed from 40 min-
utes to day 3. The effect at day 1 was similar to that observed with
the full sample (d = .68, 95% Cl = .38-.98).

Because this was a crossover study, several additional statistical
models were run to examine potential problems associated with
carryover effects. A linear mixed model compared baseline MADRS
scores for each drug and drug order. No significant effects were
noted for either drug (p = .65) or order of drug administration
(order:p = .43; order X drug: p = .10). No significant difference was
noted in baseline MADRS and the first and second infusions, regard-
less of whether patients received ketamine first [first infusion mean =
34.1, SE = 2.0; second infusion mean = 30.8,SE = 2.5;F(1,11) = 2.13,p =
17] or placebo first [first infusion mean = 35.6, SE = 1.9; second infusion
mean = 337, SE = 2.0; F(1,10) = 1.22, p = .30]. To examine whether
carryover may have affected the results, a linear mixed model was run

“using only the first phase of the study, and a significant drug by time
interaction was noted [F(10,66) = 5.46, p << .001]. Post hoc tests indicated
significant drug differences from 40 minutes through day 3; the effect size
was very largeatday 1 (d = 1.34,95% Cl = .60-2.07).

When evaluating individual symptoms on the MADRS, 8 of 10
symptoms were significantly improved on ketamine compared
with placebo. Only reduced appetite and decreased sleep were not
significantly improved on ketamine.

Time to Response and Number of Responders

The median time to ketamine response was 40 minutes. The
median time to relapse (25% improvement from baseline following
response for 1 day) was 2 days. The mean time to relapse was 4.5
(SE = 1.3) days. Two patients maintained response for at least 1
week, a third patient responded for at least 10 days, and a fourth
patient responded until the final rating on day 14.

Using 50% change in MADRS as the response criteria, 64% of
patients receiving ketamine responded at 40 minutes, 50% re-
sponded at 230 minutes, and 43% responded at day 1 (Figure 2).
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Remission was defined as a MADRS score <10. Under those criteria,
7% of patients receiving ketamine experienced remission at 40
minutes, 36% met remission criteria at 230 minutes, and 29% met
remission criteria at day 1 (Figure 2). Altogether, 79% of subjects
responded to ketamine at some point during the study; 0% re-
sponded to placebo.

Compared with baseline, patients receiving placebo improved
anaverage of 5% at 40 minutes, 9% at 230 minutes, and 1%at day 1.
In contrast, patients receiving ketamine improved an average of
50% at 40 minutes, 45% at 230 minutes, and 41% at day 1.

The type of mood stabilizer that patients received concomi-
tantly did not affect response (Supplement 1).
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Figure 1. (A) Change in Montgomery-Asberg Depression Rating Scale
(MADRS) over two weeks (n = 15). (B) Change in 17-item Hamilton Depres-
sion Rating Scale (HDRS) over 2 weeks. (C) Change in Beck Depression
Inventory (BDI) over two weeks. Values are expressed as generalized least
squares means and standard errors for the intent to treat analysis. *p < .05,
**p < .01, **¥p < .001.
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Figure 2. (A) Proportion of patients responding (50% improvement on Montgomery-Asberg Depression Rating Scale [MADRS]) to ketamine and placebo from
40 minutes to day 14 postinfusion. (B) Proportion of patients experiencing remission (MADRS < 10) to ketamine and placebo from 40 minutes to day 14

postinfusion. Error bars reflect one standard error (SE).

Secondary Outcome Measures

To confirm results obtained using the primary outcome mea-
sure, similar models were used for the HDRS, BDI, and VAS-Depres-
sion rating scales. The drug by time interactions were significant for
each of these scales [HDRS: F(10,197) = 3.08, p = .001 (Figure 1);
BDI: F(10,140) = 3.08, p = .001 (Figure 1); VAS-Depression:
F(10,168) = 4.02, p < .001]. The drug difference was significant
from 40 minutes through day 2 for the HDRS and 40 minutes
through day 14 for the BDI and VAS-Depression scales.

When data from the HAM-A and VAS-Anxiety subscales were
analyzed, significant drug by time interactions were observed
showing lower ratings in patients receiving ketamine as early as the
40-minute time point (Supplement 1). No significant drug effect or
interaction was observed when data from the YMRS or Brief Psychi-
atric Rating Scale were analyzed (Figure S1 in Supplement 1). A
significant interaction between drug and time was found on the
Clinician Administered Dissociative Scale, showing higher values in
patients receiving ketamine only at the 40-minute time point (Fig-
ure S1in Supplement 1).

Effects on Suicidal Ideation

Given previous findings showing that ketamine reduced suicidal
ideation in individuals with MDD, we examined changes in suicide
item scores on the MADRS, HDRS, and BDI using linear mixed mod-
els.Each model used the baseline as a covariate to address concerns
about confounding baseline and drug differences. All measures
showed significant main effects for drug; specifically, ratings were
higher in patients who received placebo versus those who received
ketamine [MADRS: F(1,58) =63.21,p < .001,d = 2.09; HDRS: F(1,77) =
16.86, p < .001,d = .94;BDI: F(1,78) = 71.11,p < .001,d = 1.91]. The
interaction between drug and time was significant for the suicide
items on the MADRS, HDRS, and BDI [MADRS: F (9,130 = 4.68, p < .001;
HDRS: F(9,163 = 1.94, p = .049; BDI: F(9,165 = 1.98, p = .045]. On the
MADRS, patients who received ketamine had lower suicidal ideation

scores from 40 minutes to day 3 (Figure 3). On the HDRS, patients who
received ketamine had lower suicidal ideation scores from 40 to 80
minutes and at day 2. On the BDI, patients who received ketamine had
lower suicidal ideation scores from 40 minutes to day 2 and at day 10.
Figure 4 presents response by BPD subtype (BPD | vs.BPD Il) and shows
the similarity in treatment response.

Adverse Events

No serious adverse events occurred during the study. Adverse
events occurring during the infusion in 10% or more of the subjects
receiving ketamine or placebo included feeling woozy or loopy,
feeling lethargic or drowsy, cognitive impairment, fear or anxiety,
nausea, dizziness, odd sensations, blurred vision, and headache. No
adverse event was significantly different from placebo at 80 min-

MADRS: Suicidal Thoughts

===Placebo

=i Ketamine

-60 a0 80 110 230 Day1l Day2 Day3 Day7 DOay10 Dayis

Figure 3. Change in suicidal thoughts (suicide item from Montgomery-
Asberg Depression Rating Scale [MADRS]) over 2 weeks. Values are ex-
pressed as generalized least squares means and standard errors for the
intent-to-treat analysis. *p < .05, **p < .01, ***p < .001.
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Figure 4. Change in Montgomery-Asberg Depression Rating Scale (MADRS) scores over 2 weeks by bipolar disorder subtype (I vs. Il; n = 15). Error bars reflect

one standard error (SE).

utes or thereafter (Table S1 in Supplement 1). Headaches, drowsi-
ness or sedation, early morning awakening, and difficulty falling
asleep were reported in =10% of the sample in both the ketamine
and placebo phases. Dry mouth, dizziness or faintness, difficulty
falling asleep, and flatulence were reported for ketamine only; irri-
tability and muscle, bone, or joint pain were reported for placebo
only. No significant changes occurred in electrocardiogram, respi-
ratory, or laboratory values during the study.

Discussion

This double-blind, placebo-controlled, proof-of-concept study
replicated our previous finding that a single intravenous infusion of
an NMDA antagonist resulted in a robust and rapid (within 1 hour)
antidepressant response in patients with bipolar depression.
An additional—and novel—finding was that ketamine exerted
rapid antisuicidal effects compared with placebo in these patients.
To our knowledge, this is the first controlled report detailing such
rapid antisuicidal effects (within 1 hour) associated with a single
infusion of an NMDA antagonistin patients with bipolar depression.

Depressive and anxiety symptom scores improved significantly
more in patients who received ketamine than in those who re-
ceived placebo, and this improvement was observed as early as 40
minutes postinfusion. This difference was statistically significant
across different efficacy scales—the MADRS, HDRS, self-rated BDI,
and VAS-Depression—as well as the HAM-A and VAS-Anxiety
scales. The fact that symptoms improved so rapidly is particularly
striking given that most participants had a course of iliness marked
by frequent hospitalizations, muitiple adequate medication trials
(Table 2), suicide attempts, comorbid anxiety disorders, unemploy-
ment, and considerable disability.

Notable similarities exist between the present study and our
previous one (4). We found similar 1) rapid onset of antidepressant
effects (40 minutes in both studies); 2) response rates at 40 minutes
(64% vs. 56%) and day 1 (43% vs. 44%); 3) remission rates at day 1
(approximately 30% in both studies); and 4) duration of antidepres-
sant effects as assessed by the MADRS and HDRS (3 days in both
studies) but longer improvement in depressive symptoms as as-
sessed by the BDI (14 days vs. 3 days).

The most intriguing finding of the present study may be that
ketamine exerted measurable, rapid (onset within 40 minutes), and
continued antisuicidal effects. To our knowledge, no controlled
study of patients with bipolar depression has yet demonstrated this
rapidity of onset, robustness of effect, and continued effect on
suicidal ideation resulting from a single administration of any inter-
vention (i.e., pharmacological, somatic device, or therapy). This dif-
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ference was statistically significant on the suicide item of three
different efficacy scales: MADRS, HDRS, and self-rated BDI. Onset
occurred within 40 minutes and remained significant for 3 days. In
addition, anxiety symptoms, which are a well-recognized risk factor
for suicide, also improved significantly and rapidly following ket-
amine administration. In contrast, our previous study of ketamine in
bipolar depression found no significant improvement on the
MADRS suicide item; effect sizes were about half or less than in the
current sample. These differences may be attributable to the vari-
ance of scores for this subitem or to demographic and clinical
characteristics.

Overall, these results further support our earlier controlled study
investigating the glutamatergic system, and NMDA antagonism in
particular, as putatively involved in the mechanism of rapid antide-
pressant response in bipolar depression (4). Preclinical studies have
postulated that ketamine’s mechanism of action is initially mediated
by NMDA antagonism but subsequently involves enhanced 2-amino-
3-(5-methyl-3-oxo-1,2- oxazol-4-yl)propanoic acid throughput via en-
hanced presynaptic release of glutamate (20). In an extension of this
work, a recent study found that mammalian target of rapamycin-
dependent synapse formation underlies ketamine’s rapid antide-
pressant properties (21); ketamine was found to rapidly activate the
mammalian target of rapamycin pathway, leading to increased
synaptic signaling proteins and increased number and function of
new spine synapses in the rat prefrontal cortex. The present finding
supports the concept that blocking the NMDA receptor complex
with ketamine—and as a result enhancing 2-amino-3-(5-methyl-3-
oxo-1,2- oxazol-4-yl)propanoic acid throughput—results in the
rapid onset of antidepressant effects and, furthermore, that this
process is a shared therapeutic mechanism for ketamine’s rapid
antidepressant effects regardless of diagnosis. Essentially, the same
glutamatergic modulatory effect—NMDA antagonism—resulted
in rapid antidepressant effects in two different disorders (MDD and
BPD) (4,23,24,29).

This study had several strengths. First, subjects were hospital-
ized for an average of 8 weeks before their first infusion. This al-
lowed sufficient time to characterize the patients, conduct a pro-
spective trial of a mood stabilizer, and document the stability of
depressive and suicidal symptoms during their current episode.
Second, the study was randomized and placebo-controlled. Finally,
the fact that the present study replicated our previous finding that
ketamine exerts antidepressant effects in patients with bipolar de-
pression adds further credence to these results. Nevertheless, limi-
tations also exist, and these are similar to the ones associated with
our previous study (4). First, the sample size was small. In addition,
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these patients had a long course of illness marked by multiple past
medication trials and treatment with electroconvulsive therapy.
Thus, the results may not be generalizable to BPD patients with
different iliness and course characteristics. Whether subjects in this
study met criteria for treatment-resistant bipolar depression is a
matter of debate. Ambiguities in the current definition of treatment
resistance in bipolar depression have led to new proposed defini-
tions of treatment resistance (41). In future studies, using such
criteria at study entry would be one approach to ensure the treat-
ment-resistance status of the population under study. In addition,
and in keeping with other studies (23,24,42,43), we observed short-
lived dissociative symptoms in patients receiving ketamine that
could have compromised the study blind. Because this was a repli-
cation study conducted in tandem with our previous one, the orig-
inal study design was conserved; that is, raters and patients were
notrequired to guess treatment assignment. Thus, it is possible that
the study blind may have biased patient reporting, thereby poten-
tially confounding the results. However, the fact that this study
almost precisely replicated the onset and offset of improvement in
depressive symptoms after ketamine infusion and over time does
add confidence to our results. Nevertheless, the finding awaits rep-
lication by an independent laboratory using an active control.
Taken together, these findings support the hypothesis that tar-
geting the NMDA receptor complex brings about rapid antidepres-
sant and antisuicidal effects in patients with bipolar depression.
However, because the antidepressant effects of ketamine were not
long-lasting for most patients, it will be important to develop alter-
nate strategies to sustain ketamine’s rapid antidepressant effects.
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