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Abstract

Background—Treatments for obsessive-compulsive disorder (OCD) usually lead to incomplete
symptom relief and take a long-time to reach full effect. Convergent evidence suggests that
glutamate abnormalities contribute to the pathogenesis of OCD. Ketamine is a potent
noncompetitive antagonist of the N-methyl-D-aspartate glutamate receptor. Trials have reported
rapid antidepressant effects after low-dose ketamine infusion.

Methods—We conducted an open-label trial of ketamine (0.5mg/kg IV over 40 minutes) in 10
subjects with treatment-refractory OCD. Response was defined as a greater than 35%
improvement in OCD symptoms and greater than a 50% improvement in depression symptoms
from baseline at any time between 1-3 days following infusion.

Results—None of 10 subjects experienced a response in OCD symptoms in the first 3 days
following ketamine. Four of 7 patients with comorbid depression experienced an antidepressant
response to ketamine in the first 3 days following infusion. Both OCD and depression symptoms
demonstrated a statistically significant improvement in the first 3 days following infusion
compared to baseline, but the OCD response was <12%. The percentage reduction in depressive
symptoms in the first 3 days following ketamine infusion was significantly greater than the
reduction in OCD symptoms.

Discussion—Ketamine effects on OCD symptoms, in contrast to depressive symptoms, did not
appear to persist or progress after the acute effects of ketamine had dissipated.

Trial Registration—Ketamine Infusion for Obsessive-Compulsive Disorder, http://
clinicaltrials.gov/ct2/show/NCT01349231, NCT01349231.
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Introduction

Roughly one-third of patients with obsessive-compulsive disorder (OCD) fail to experience
significant clinical benefit from first-line interventions such as cognitive behavioral therapy
(CBT) or pharmacotherapy with selective serotonin reuptake inhibitors (SSRIs) (1).
Antipsychotic augmentation is the only pharmacological strategy for treatment-refractory
OCD with demonstrated efficacy in multiple double-blind trials (2); but antipsychotic
augmentation only benefits around 1 in 3 of these patients (2). When they do respond, OCD
patients typically experience the full treatment benefits of first-line interventions only after a
time-lag of two to three months. SSRIs take longer to work and are often required in higher
doses to treat OCD symptoms compared to depressive symptoms (3, 4). Failure of symptom
relief and delay of symptom relief from first-line treatments are sources of substantial
morbidity and decreased quality of life in OCD patients.

Converging lines of evidence from neuroimaging, genetic and pharmacological studies
support the importance of glutamate abnormalities in the pathogenesis of OCD (5). Higher
glutamate levels have been demonstrated in the cerebrospinal fluid of treatment-naive OCD
patients compared to healthy controls (6). In magnetic resonance spectroscopy studies,
altered concentrations of glutamate and related compounds have been demonstrated in the
caudate nucleus and anterior cingulate cortex of treatment-naive children with OCD
compared to normal controls (7, 8). These levels have been shown to normalize with
successful pharmacological treatment (7). In genetic studies, single nucleotide
polymorphisms within the glutamate transporter gene SLC1A1 have been associated with
the diagnosis of OCD (9-13). Open-label, pharmacological treatment studies have suggested
that glutamate modulating agents such as riluzole (14-16), N-acetylcysteine (17) and
memantine (18) may hold promise for the treatment of OCD.

Ketamine is a moderately potent non-competitive antagonist of the A-methyl-o-aspartate
(NMDA) receptor, a major type of glutamate receptor in the brain. Ketamine can also have
effects on other neurotransmitter systems, including the opioid and muscarinic systems,
especially at anesthetic doses. A double-blind, saline-controlled study demonstrated that a
single dose of ketamine (0.5 mg/kg, intravenously) had rapid antidepressant effects in
depressed patients (19). In these subjects ketamine infusion produced mild psychotomimetic
symptoms and euphoria that dissipated within 120 minutes, while the antidepressant effects
of ketamine infusion emerged over the first 180 minutes and persisted over 72 hours (19).
Fifty percent of depressed patients receiving ketamine had a remission of their depressive
symptoms at Day 3 compared to 12.5% in the placebo infusion group (19). The rapid onset
of persistent antidepressant effects following a single infusion of ketamine has been
replicated in several controlled trials (20-22).

Between one-third and two-thirds of OCD patients suffer from comorbid depression (23,
24). A recently published case reported a temporary antiobsessional effect of intravenuous
ketamine infusion in a woman with treatment-refractory OCD (25). We conducted an open
label trial of ketamine for treatment-refractory OCD in order to investigate its possible
efficacy and to determine the time-course of any anti-obsessional effects.
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METHODS

Patient Selection

Subjects were recruited through the Yale OCD Research Clinic. The Yale OCD Research
Clinic is a tertiary referral clinic with a research mission that recruits subjects through
referrals from community providers and the International OCD Foundation, word-of-mouth,
and internet and newspaper advertising.

Screening assessment for eligibility included a detailed psychiatric and medical evaluation
performed by a licensed psychiatrist (MHB) and a Structured Clinical Interview for DSM-
IV and multiple ratings of psychiatric symptomatology (described in the Study Assessment
section) by an experienced research nurse (SW). Subjects had severe, treatment-refractory
OCD, as defined by a number of eligibility criteria. (1) Subjects were male or female (post-
menopausal, surgically sterile, or negative pregnancy test at screening and agreement to
utilize an established birth control, including complete abstinence, during the testing period)
between the age of 18 and 65 yrs. (2) All subjects had a DSM IV-TR diagnosis of obsessive-
compulsive disorder by structured clinical interview (SCID), with a Yale-Brown Obsessive-
Compulsive Scale (Y-BOCS) score >24 (26, 27). (3) OCD was treatment-refractory, as
defined by a Y-BOCS>24 despite two SSRI trials of adequate dose and duration and having
been offered prior CBT treatment. (4)Subjects were required to have had stable doses of all
psychiatric medications for the month prior to treatment and have had no changes of dosage
of SSRIs or clomipramine for at least 2 months prior to study enrollment. Most subjects
received their treatment elsewhere; doses and duration of previous medication trials were
verified through consultation with treating psychiatrists and review of past medical and
pharmacy records. (5) Subjects were medically and neurologically healthy on the basis of
physical examination, medical laboratory assessment, EKG, and medical history. Individuals
with stable medical conditions or taking medications without major CNS effects (e.g., oral
hypoglycemics) were eligible if their medications had not been adjusted in the month prior
to entry. (6) Subjects could have no lifetime history of substance dependence diagnosis by
SCID (excluding tobacco) and had to have a urine toxicology screen negative for drug of
abuse (28). (7) All subjects were required to provide written informed consent according to
the Yale HIC guidelines. Subjects were compensated $500 for full participation in this trial.
This trial received approval from the Yale Human Investigations Committee and was
registered on clinicaltrials.gov (NCT01349231).

Study Intervention

Subjects were hospitalized at the Connecticut Mental Health Center Clinical Neuroscience
Research Unit for 1 week prior to and 1 week following ketamine infusion in order to
maintain a consistent environment in which to assess OCD symptoms. Following an
overnight fast, ketamine 0.5 mg/kg was administered via a continuous constant rate 1V
infusion over a 40-minute period at the Yale Center for Clinical Investigation facilities
within Yale-New Haven Hospital. The ketamine infusion procedures were modeled after
previous ketamine infusion studies in depressed patients (19-21). A research nurse and a
physician were present at all times during the procedure and for at least 1 hour following
infusion. Heart rate, blood pressure and oxygen saturation were continuously monitored
during and for an hour following the ketamine infusion.

Study Assessments

Structured clinical ratings were performed at screening/baseline, 1, 2, 3 hoursand 1, 2, 3,5
and 7 days following ketamine infusion. Clinical ratings were conducted to assess OCD and
depression severity as well potential side-effects of ketamine throughout the trial. The
ratings included: 1) Yale-Brown Obsessive-Compulsive Scale (Y-BOCS) (26, 27); 2)
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Hamilton Depression Rating Scale-17 (HDRS-17) (29, 30); 3) Clinician-Administered
Dissociative States Scale (CADSS) (31); and 4) the Clinical Global Impression (CGl) scale
(32). Rating scales were limited in number to minimize the duration of assessments, as there
was a short interval of time between assessments in the first 3 hours following ketamine
infusion. The HDRS and Y-BOCS ratings were slightly modified to account for the
compressed temporal context of the assessments during the assessments performed 1, 2 and
3 hours following infusion. Items 1 (time occupied by obsessive thoughts) and 6 (time
occupied by compulsions) from the Y-BOCS were modified such that the frequency of these
events was emphasized rather than both event the actual time-spent. For instance, for Item 1
we asked the question “How often do these obsessions occur?” rather than both, “How much
time is occupied by obsessive thoughts? And How often do these obsessions occur?” For the
HDRS-17 ratings 1,2 and 3 hours following infusion the answers to the insomnia related
items were carried forward from the previous night. Subjects were allowed to undergo
changes in psychiatric medications starting 7 days following ketamine infusion within the
study protocol. We additionally conducted symptom ratings at 10, 14, 21 and 28 days after
ketamine-infusion to monitor safety. We do not to report results from days 10-28 in this
study because (1) half of subjects enrolled in this trial underwent other medication changes
1-2 weeks following infusion, (2) 3 of 10 subjects left the inpatient unit at 1 week following
infusion and (3) ratings of symptom severity did not change appreciably in any of the
subjects after day 7.

Statistical Analysis

The primary goal of this trial was to determine the character and duration of OCD response
to ketamine in order to provide information for a potential, larger, saline-controlled trial of
ketamine in the treatment of OCD. We decided a priorithat if 3 or more subjects with OCD
exhibited an OCD treatment response at any point 1-7 days following infusion, this would
provide sufficient evidence to pursue a larger trial. A treatment response was defined as a
35% or greater reduction in Y-BOCS severity from baseline, as is convention for OCD.
Assuming that the treatment response to ketamine observed in OCD was similar to that
observed in depression (conservatively 50% of subjects), there would be a 98% probability
of having at least 3 of 10 subjects have an OCD response to ketamine infusion.

We used Wilcoxon Rank Sum Tests to compare (1) average severity of OCD symptoms (Y-
BOCS total score) for the first 3 days following infusion to baseline, (2) average severity of
depressive symptoms for the first 3 days following infusion to baseline and (3) cumulative
percent reduction (area under the curve) in OCD symptoms compared to percent reduction
in depressive symptoms in the first 3 days following infusion. Averages of rating on the first
3 days following infusion were used in order to reduce the number of hypotheses tested,
given that we did not known the exact time course of potential ketamine response in OCD.
Ratings at 1 and 2 hours after infusion were not included in the primary analysis in order to
minimize the influence of the acute psychotomimetic effects of ketamine on ratings
immediately following the infusion. When average symptom severity scores were
significantly different from baseline, individual Wilcoxon Rank Sum Tests were conducted
at individual time-points, relative to baseline. Hypothesis testing was not corrected for
multiple comparisons.

The same procedure was used for comparing the percent reduction in OCD and depression
symptoms. We used a Pearson correlation to assess the degree of correlation between
reduction in OCD and depressive symptoms. Only subjects with significant current
depressive symptoms (HDRS-17216) were included in the analysis of the effects of
ketamine on depression. We used the Fisher’s Exact Test to compare the proportion of OCD
treatment responders to depression treatment responders. All statistical analyses were
performed in IBM SPSS Statistics 19 for Windows (Chicago, Illinois).
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10 subjects with treatment-refractory OCD were enrolled in this trial. Subjects had severe
OCD symptoms (YBOCS average: 32.9 +/- 1.9, range: 31-36) despite multiple previous
SRI trials of adequate dose and duration (SRI trials: 4.1 +/- 1.2, range: 2-5). Every enrolled
subject had additionally undergone previous cognitive behavioral therapy for OCD and
antipsychotic augmentation (antipsychotic trials: 2.7 +/- 1.6, range: 1-6). Average age at
ketamine infusion was 41.7 +/- 13.5 years (range: 18-64). Duration of OCD symptoms
prior to ketamine infusion was 24.6 +/— 17.4 years (range: 4-54). Three subjects were
medication-free at the time of ketamine infusion. The other 7 subjects were on SRIs (6 at
maximal tolerated dose). Four of these patients were also taking antipsychotic medications
and 1 subject was taking glutamate-modulating agents (both n-acetylcysteine and riluzole).
Further details of the individual subjects enrolled in the trial are depicted in Table 1.

Effect of Ketamine on Obsessive-Compulsive Disorder

There was a significant acute, but transient, improvement in OCD symptoms 1-3 hours
following ketamine infusion, which largely dissipated by the next day. Y-BOCS
improvement was slight (peaking at 11%) but statistically significant over days 1-3
following ketamine infusion (Wilcoxon Rank Sum Test: T=-2.81, N=10, p=0.005). None of
the 10 subjects exhibited an OCD response to ketamine infusion, defined a priori as a 35%
improvement in Y-BOCS at any point between 1-3 days following the infusion. The effects
of ketamine on the obsession and compulsion subscale scores of the Y-BOCS followed the
same pattern and were not significantly different from one another (Figure S1 in the
Supplement).

Effect of Ketamine on Depressive Symptoms

Four of the 7 OCD subjects with significant comorbid depressive symptoms experienced a
depression response to ketamine within the first 3 days following infusion. Average
HDRS-17 scores in the first 3 days following ketamine infusion were also significantly
reduced compared to baseline (Wilcoxon Rank Sum Test: T=2.20, N=7, p=0.03). One of the
three subjects who were not on other medications at the time of infusion experienced a
response to ketamine in terms of their depressive symptoms.

Comparative Effects of Ketamine on OCD and Depression

Figure 1 compares the reduction in OCD and depression symptom severity in the first 7 days
following ketamine infusion. The percent reduction of depressive symptoms in response to
ketamine was significantly greater than the reduction in OCD symptoms in the first 3 days
following infusion (Wilcoxon Rank Sum Test: T=-2.0, N=7, p=0.043). There was a
significant correlation between the percent reduction in OCD and depressive symptoms in
the first 3 days following infusion among the 7 OCD subjects with comorbid depression
(Pearson r=0.82, p=0.02; Figure S2 in the Supplement).

Treatment Responders to Ketamine

None of the 10 subjects experienced an OCD response to ketamine, defined a priorias a
35% reduction in Y-BOCS at any time during days 1-3 following infusion. Additionally, no
subject was “very much” or “much” improved on the CGI during the same time period
(Figure S3 in the Supplement). Four of 7 subjects with significant comorbid depressive
symptoms experienced a depression response, defined a priori as a 50% improvement in
HAM-D17 at any point during the same time period. The difference in the proportion of
responders in the two domains was statistically significant (Fisher’s exact test p<0.02).
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Safety and Tolerability

The ketamine procedure was well tolerated and completed by all subjects. One subject
experienced a transient increase in systolic blood pressure (<30% above baseline, maximum
160/80) which lasted 10 minutes. No subjects experienced tachycardia (heart rate greater
than 100 beats per minute) during the infusion.

Half of subjects reported some dissociative symptoms during infusion, but CADSS scores
remained low in the hour of infusion (mean=1.4, range: 0-5). Subjects reported gaps in
memory (n=3), sensory distortions (i.e. perioral perasthesias, n=2), a feeling that time was
moving in slow motion (n=2), disconnected feeling from reality (n=1). No subjects reported
any dissociative symptoms beyond the 1 hour time point No subjects reported or exhibited
paranoia or hallucinations during the infusion. Two of the 3 non-depressed subjects reported
dysphoria, anxiety and passive suicidal ideation within the first two days following ketamine
infusion.

DISCUSSION

In our trial, ketamine demonstrated an acute effect on both OCD and depressive symptoms.
Ketamine effects on OCD symptoms (in contrast to depressive symptoms) did not appear to
persist or progress after the acute effects of ketamine had dissipated. Despite the fact that
our uncontrolled trial demonstrated a modest statistically improvement in the first 3 days
following the acute effects of ketamine infusion, it provides strong data that single dose of
ketamine does not have the same sustained/persistent potent effect on OCD symptoms that it
does on depression. Several aspects of our data support this conclusion. (1) None of 10
subjects enrolled in this trial demonstrated an OCD response to ketamine. Furthermore, (2)
no subject rated their OCD symptoms as “very much improved” or “much improved” on the
CGI 1-7 days following ketamine infusion. (3) Although statistically significant, the
improvement in OCD symptoms 1-7 days following infusion was quite modest (peaking at
an 11% reduction on Day 2) compared to the greater than 60% reduction in OCD symptoms
observed at the 1 hour time point when the acute psychomometic and dissociative effects of
ketamine were still present.

By contrast, comorbid depressive symptoms in OCD symptoms demonstrated significant
and a relatively prolonged response after ketamine infusion. 59% (4 of 7) subjects with
comorbid depressive symptoms exhibited a depression response to ketamine infusion. This
response rate is quite consistent with previous trials in depression that have reported
response rates between 50-70% 24—72hrs following ketamine infusion (19-21).

The results of our uncontrolled trial differed from a previous case report that reported a rapid
antiobsessional effect of ketamine that persisted for several days following infusion (25).
Although we noticed a short-lived improvement in OCD symptoms following ketamine
infusion, we did not observe a prolonged response in any subjects. We additionally did not
observe a differential effect of ketamine on obsessions versus compulsions. Furthermore,
ketamine effects on OCD symptoms (in contrast to depressive symptoms) did not appear to
persist or progress after the acute effects of ketamine had dissipated.

Ketamine is not the only challenge paradigm that has been shown to differentially affect
depressive and OCD symptom. Tryptophan depletion, which temporarily reduces the
availability of whole brain serotonin, has been demonstrated to exacerbate depressive but
not OCD symptoms in OCD subjects whose symptoms were responsive to SRI medications
(33-35). Additionally, several FDA-approved medications to treat depression are not
effective in the treatment of OCD. These pharmacological agents include bupropion (36),
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buspirone (37), trazodone (38), non-selective tricyclic antidepressants (39-41) and
monoamine oxidase inhibitors (42, 43).

In light of this negative conclusion, it is important to note a couple significant limitations to
this trial. The current trial was small, uncontrolled and unblinded. We made the decision to
design a trial in this manner because the time course of OCD response to ketamine was
unknown and establishing this time-course would be critical to properly designing a
definitive controlled trial. Additionally, establishing a credible placebo control for ketamine
research is problematic, given the predictable and common acute physiologic (increase in
heart rate and blood pressure) and psychological (dissociative symptoms, euphoria, perioral
paresthesias, nausea etc.) effects of ketamine. However, treatment benefits are usually
exaggerated in uncontrolled, unblinded trials, and thus one would expect the treatment
effects of ketamine to be exaggerated, not minimized, in an open label trial such as this.

Comparing percent symptom reduction across different scales in different disorders (Figure
3) is potentially problematic. This comparison assumes that the scales are linear, and that
percentage reduction in symptoms across OCD and depression scales would be similar. That
being said, the percent reduction of OCD and depression symptoms was nearly identical
during the acute period after infusion and differed only in the follow-up period 3 hours-7
days following infusion. In addition, if there were an improvement in OCD symptoms that
was not captured by the Y-BOCS due to nonlinearities or other limitations, one would
expect it to be reflected in the CGI. No such CGI benefit was observed.

Our trial suggests that ketamine infusion following a protocol that has now become standard
(0.5mg/kg infused over 40 minutes) may have acute anti-obsessional effects but does not
have the same sustained beneficial effects on OCD symptoms that it has in depression. The
acute benefit of ketamine on OCD symptoms needs to be confirmed in controlled trials and
cannot be divorced from the psychomometic and dissociative effects of ketamine.
Additionally, we cannot eliminate the possibility that other environmental effects caused
acute changes in OCD symptoms, as the ketamine infusion took place in a different context
(a medical hospital) than where other ratings were conducted (an inpatient psychiatric unit).
If present, an acute effect of ketamine would suggest that immediate effects of ketamine on
glutamate neurotransmission may be important in OCD. We would suggest that future
controlled trials of ketamine in OCD should utilize an active (i.e. midazolam) rather than
saline control because the immediate period following ketamine infusion may be of
particular interest in OCD and therefore controlling for some of the nonspecific
psychomometic and dissociative effects of ketamine will be particularly important. Rigorous
trials of other promising glutamate modulating agents that can be given repeatedly such as
riluzole, n-acetylcysteine and memantine remain important and needed (44). The lack of
prolonged anti-OCD effects of ketamine suggest the delayed effects of ketamine on synaptic
plasticity may not be as important in the pathogenesis of OCD (45). The lack of a prolonged
anti-OCD effect of ketamine does not eliminate the possibility that prolonged or repeated
dosing of ketamine may have a persistent effect on OCD symptoms. Higher doses of SSRI
medications are more effective in the treatment of OCD (3). Additionally, ketamine may
have a more prolonged effect in a less treatment-refractory OCD population (such as
medication free, treatment-naive or pediatric OCD subjects); however it would be difficult
to justify the use of ketamine in these patient populations given the presence of other
effective and benign treatments in these populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Effect of Ketamine on OCD vs. Depression Symptoms

There was a significantly greater reduction in depressive compared to OCD symptoms in the
first 3 days following ketamine infusion (Wilcoxon Rank Sum Test: T=-2.0, N=7, p=0.043).
* indicates p<0.05.
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