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Background—Ketamine induces rapid and robust antidepressant effects, and many patients also
describe dissociation, which is associated with antidepressant response. This follow-up study
investigated whether antidepressant efficacy is uniquely related to dissociative symptom clusters.

Methods—Treatment-resistant patients with major depressive disorder (MDD) or bipolar
disorder (BD) (n=126) drawn from three studies received a single subanesthetic (0.5mg/kg)
ketamine infusion. Dissociative effects were measured using the Clinician-Administered
Dissociative States Scale (CADSS). Antidepressant response was measured using the 17-item
Hamilton Depression Rating Scale (HAM-D). A confirmatory factor analysis established the
validity of CADSS subscales (derealization, depersonalization, amnesia), and a general linear
model with repeated measures was fitted to test whether subscale scores were associated with
antidepressant response.

Results—Factor validity was supported, with a root mean square error of approximation of .06, a
comparative fit index of .97, and a Tucker-Lewis index of .96. Across all studies and timepoints,
the depersonalization subscale was positively related to HAM-D percent change. A significant
effect of derealization on HAM-D percent change was observed at one timepoint (Day7) in one
study. The amnesia subscale was unrelated to HAM-D percent change.

Limitations—~Possible inadequate blinding; combined MDD/BD datasets might have
underrepresented ketamine’s antidepressant efficacy; the possibility of Type | errors in secondary
analyses.

Conclusions—From a psychometric perspective, researchers may elect to administer only the
CADSS depersonalization subscale, given that it was most closely related to antidepressant
response. From a neurobiological perspective, mechanistic similarities may exist between
ketamine-induced depersonalization and antidepressant response, although off-target effects
cannot be excluded.

Keywords
dissociation; ketamine; depression

INTRODUCTION

The glutamatergic modulator ketamine is a U.S. Food and Drug Administration (FDA)-
approved anesthetic. Distinct from traditional anesthetics, ketamine has been called a
“dissociative anesthetic” due to the occurrence of dissociative symptoms (Sleigh et al.,
2014). Dissociation can be loosely defined as a detachment from reality and manifests across
a spectrum of severity. Pathological dissociation can include depersonalization (detachment
from self), derealization (detachment from surroundings), amnesia and, in more severe,
persistent manifestations, fugue states and dissociative identity disorder. At typical clinical
doses, ketamine-induced dissociation is mild to moderate in severity and transient in
duration, with patients returning to their premorbid mental state within hours of
administration. Ketamine is thought to derive its anesthetic, psychotomimetic, and
dissociative properties from noncompetitive, high-affinity antagonism at the N-methyl-D-
aspartate (NMDA) receptor (MacDonald and Nowak, 1990).
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A single, subanesthetic-dose ketamine infusion has repeatedly been demonstrated to reduce
depressive symptoms in a matter of hours (Berman et al., 2000; Diazgranados et al., 2010;
Ibrahim et al., 2012b; Murrough et al., 2013; Valentine et al., 2011; Zarate et al., 2006).
NMDA receptor antagonism has been proposed as an initiating molecular event in
ketamine’s antidepressant effects (Maeng and Zarate, 2007), although recent preclinical
evidence supports non-NMDA receptor-mediated antidepressant properties of the ketamine
metabolite (27,6 ~)-hydroxynorketamine (Zanos et al., 2016); as predicted in animal models,
the latter is not associated with clinically problematic side effects such as psychomotor
agitation, prepulse inhibition, and addictive-like behaviors (Green and Johnson, 1990; Zanos
et al., 2016). While other NMDA receptor antagonists with lower and/or more specific
affinities have demonstrated antidepressant efficacy without psychotomimetic or dissociative
side effects (Ibrahim et al., 2012a; Zarate et al., 2013), these other NMDA receptor
antagonists generally have much less robust and sustained antidepressant effects than
ketamine; it is presently unclear whether this represents qualitative and/or quantitative
differences at the receptor (Aan Het Rot et al., 2012; Zanos et al., 2016).

The relationship between ketamine’s psychoactive side effects and antidepressant response
has been explored in several studies. A study of 10 subjects with treatment-resistant major
depressive disorder (MDD) found no association between maximum change in dissociative
symptoms (as measured by the Clinician-Administered Dissociative States Scale (CADSS))
and change in depressive symptom scores (as measured by the Hamilton Depression Rating
Scale (HAM-D)) in response to a single, subanesthetic-dose ketamine infusion (Valentine et
al., 2011). Another study of 27 depressed hospitalized patients found a correlation between
antidepressant response (as measured by the Montgomery-Asberg Depression Rating Scale
(MADRYS)) and psychotomimetic symptoms (as measured by the Brief Psychiatric Rating
Scale (BPRS)) seven days post-ketamine infusion (Sos et al., 2013). Finally, a previous
study from our laboratory reported that increased dissociative symptoms—but not
psychotomimetic, hypomanic, or sympathomimetic symptoms—correlated with
antidepressant response to ketamine at 230 minutes and at seven days post-ketamine
infusion in 108 treatment-resistant hospitalized inpatients with either MDD or bipolar
disorder (BD) (Luckenbaugh et al., 2014).

These conflicting findings prompted the present investigation into the relationship between
ketamine-induced dissociative symptoms and antidepressant efficacy. This follow-up study
uses a larger sample (7=126, inclusive of the previous sample (Luckenbaugh et al., 2014))
and explores empirically validated subdimensions of dissociation for the first time. We
hypothesized that increased dissociative symptoms would predict improvement in depressive
symptom scores after ketamine infusion, but that subdimensions of dissociation, as derived
by Bremner and colleagues (Bremner et al., 1998), would uniquely predict antidepressant
response.

METHODS

Participants and procedures

Data from 126 treatment-resistant depressed patients were analyzed (1865 years old; 84
MDD, 42 BD). Patient data were obtained from one of three studies, colloquially identified

J Affect Disord. Author manuscript; available in PMC 2019 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Niciu et al.

Instruments

Page 4

as Ketamine-Bipolar (Ket-BD, n7=39) (Diazgranados et al., 2010; Zarate et al., 2012),
Ketamine-Riluzole (Ket-Riluzole, 7=52) (Ibrahim et al., 2012b), or Ketamine-MOA (Ket-
MOA, n=35) (Nugent et al., in press) (Clinical Trials Identifier: NCT0088699; NIH Protocol
04-M-0222, substudies 2, 3, and 4, respectively). All subjects were studied as inpatients at
the National Institute of Mental Health’s Clinical Research Center in Bethesda, MD, USA
and provided written informed consent as approved by the NIH Combined Neuroscience
Institutional Review Board.

At screening, all patients were currently experiencing a major depressive episode without
psychatic features that had lasted at least two weeks, diagnosed according to the Structured
Clinical Interview for DSM-IV-TR Axis | Disorders (First et al., 2002); this depressive
episode was judged to be of at least moderate severity (as defined by >20 on the 10-item
MADRS or >18 on the 17-item HAM-D). Subanesthetic-dose (0.5mg/kg) ketamine was
administered over 40 minutes in either double-blind, placebo (saline)-controlled (Ket-MOA
and Ket-BD) or open-label (Ket-Riluzole) designs. Treatment resistance was defined via a
modified version of the Antidepressant Treatment History Form (ATHF), and all subjects
had failed to respond to at least one adequate antidepressant trial during the current or during
a past major depressive episode. Patients were medication-free for at least two weeks prior
to the first ketamine or placebo infusion (five weeks for fluoxetine), except for BD patients
who were maintained on therapeutic levels of lithium (0.6-1.2 mEg/L) or valproate (50-125
pg/mL).

Depressive and dissociative symptoms were assessed using the 17-item HAM-D (Hamilton,
1960) and the 19-item CADSS (Bremner et al., 1998), respectively. Each item on the
CADSS is scored on a five-option Likert scale ranging from 0 (not at all) to 4 (extremely).
Three non-empirically derived subscales for the CADSS have been proposed: amnesia (two
items), depersonalization (five items), and derealization (12 items) (Bremner et al., 1998).
CADSS scores were calculated as change between baseline (60 minutes prior to infusion)
and 40 minutes post-infusion, when maximal dissociative effects were observed.

Statistical Analysis

To establish the factor validity of the CADSS subscales described by Bremner and
colleagues (Bremner et al., 1998), a confirmatory factor analysis for ordered categorical
indicators was performed. Model fit was evaluated using standard interpretation of fit
indices, including the root mean square error of approximation, comparative fit index, and
Tucker-Lewis index (Hu and Bentler, 1999).

To confirm our previous finding that ketamine’s dissociative effects predict improvement in
depressive symptoms, and to evaluate whether subdimensions of dissociation (CADSS
subscale scores) were uniquely related to antidepressant response, we fitted a general linear
model with maximum likelihood estimation and repeated measures with a compound
symmetry covariance structure (selected based on relative fit indices) to HAM-D percent
change scores from 230 minutes, one day, and seven days post-infusion. Fixed effects of
time, study, CADSS score, and their interactions were included in this model. Significant
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interactions were probed by estimating and comparing the simple slopes for each study by
time point.

Statistical significance was evaluated at p < .05, two-tailed. Analyses were performed in
Mplus Version 7 and SAS Version 9.4.

Characterization of Sample

Participant demographics are shown in Table 1. Several demographic features differed
significantly across studies; partially to account for this fact, study was entered as a covariate
in all analyses.

Factor Validity of the CADSS Subscales

Factor validity of the CADSS subscales was evaluated using the 40-minute data (n=126).
The three-factor model was a good fit to the data, with a Room Mean Square Error of
Approximation (RMSEA) of .06 (95% Cl: .042 —.077), a Comparative Fit Index (CFI) of .
97, and a Tucker-Lewis Index of .96. Full results of the confirmatory factor analysis are
shown in Supplementary Tables S1-S3.

Ketamine-Induced Dissociation and Antidepressant Response

The results of the four mixed models—CADSS Total Score as well as the Derealization,
Depersonalization, and Amnesia subscales—are presented in Table 2. When predicting
percent change in HAM-D score, a significant three-way interaction was observed between
CADSS total score, study, and time (F(4,204)=2.70, p=.03); specifically, greater CADSS
total score predicted greater percent change in HAM-D score at Day 7 within the Ket-MOA
study (B=-0.62, SE=0.30, {204)=-2.09, p=.04). This differed significantly from the slope
observed for the Ket-BD study (B=0.20, SE=0.29, £204)=0.71, p=.48; comparison, {204)=
-1.99, p=.048). The slope for the Ket-Riluzole study was non-significant, and did not differ
significantly from that seen in the Ket-MOA study. Across all studies, the relationship
between CADSS total score and change in HAM-D score was negative but non-significant at
230 minutes (B=-0.25, SE=0.14, 204)=-1.70, p=.09) and Day 1 (B=-0.10, SE=0.14,
#204)=-0.72, p=4T7).

A very similar result was observed for the Derealization subscale, with a significant three-
way interaction noted for Derealization, study, and time (F(4,204)=2.73, p=.03); specifically,
increased ketamine-induced Derealization predicted greater antidepressant response. As with
total score, this was explained by a significant effect of Derealization on percent change in
HAM-D score at Day 7 in the Ket-MOA study only (B=—-1.55, SE=0.65; {204)=-2.37, p=.
019) (Figure 1). The slope for the Ket-MOA study at Day 7 differed significantly from that
of both the Ket-BD (B=0.51, SE=0.52, {204)=0.99, p=0.33; comparison: §204)=-2.47,
p=0.01) and Ket-Riluzole (B=0.04, SE=0.39, {204)=0.11, p=0.92; comparison: £204)=
-2.09, p=0.038) studies. Across all studies, the relationship between the Derealization
subscale and percent change in HAM-D score was negative but non-significant at both 230
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minutes (B=-0.52, SE=0.28, {204)=—1.89, p=.06) and Day 1 (B=-0.29, SE=0.27, {204)=
~1.04, p=.30).

The Depersonalization subscale was also negatively related to percent change in HAM-D
score (B=-0.79, SE=0.38, #(118)=-2.07, p=.04), but this effect did not vary by time or study.
In other words, across all studies and timepoints, greater ketamine-induced
Depersonalization predicted greater antidepressant response (Figure 2). The amnesia
subscale was not related to percent change in HAM-D score; all effects were non-significant.

DISCUSSION

The present study extends previous work from our laboratory investigating ketamine-
induced dissociation and antidepressant response (Luckenbaugh et al., 2014). In the initial
report, intra-infusion dissociation positively correlated with antidepressant response to
ketamine at two post-infusion timepoints: 230 minutes and Day 7; however, the previous
analysis did not address whether specific dimensions of dissociation were uniquely related to
antidepressant response. Using a larger sample and a statistical model allowing the inference
of causality, the present study observed that increased Derealization and Depersonalization
were modest predictors of antidepressant response to subanesthetic dose ketamine infusion.

The association between ketamine-induced Derealization and antidepressant response was
observed only at Day 7 and only in the Ket-MOA study, with a significant difference
observed between the Ket-MOA and Ket-BD studies. Given the magnitude of the p-values, it
is probable that these differences represent a Type | (false positive) error. However, some
methodological and demographic differences may be pertinent. First, Ket-BD subjects were
maintained on therapeutic doses of the mood stabilizers lithium or valproate, while the Ket-
MOA subjects were unmedicated for at least two weeks prior to ketamine administration.
Second, Ket-BD subjects also tended to have a longer duration and more severe course of
illness (specifically, they had more psychiatric hospitalizations) than patients in the Ket-
MOA study, as well as a shorter duration of antidepressant response. In addition, a recent
meta-analysis noted diagnostic differences in baseline dissociation, with BD patients being
the least likely to experience dissociation compared to other major neuropsychiatric
disorders, including MDD (Lyssenko et al., 2017). It should be noted, however, that we
observed no significant diagnostic (MDD vs. BD) differences in dissociation in the current
analysis (Supplementary Table S4), suggesting that diagnosis alone cannot explain the
observed differences across studies.

In contrast to Derealization, Depersonalization was associated with greater antidepressant
response across all time points and studies; the consistency suggests that this result is less
likely to be due to a Type | (false positive) error. It is possible that the underlying
neurobiological constructs measured by the Depersonalization subscale of the CADSS may
relate to ketamine’s antidepressant mechanism(s) of action, though it is necessary to
acknowledge that potential off-target effects may exist. We hypothesize a potential causal
link between Depersonalization and antidepressant response, initiated by glutamate receptor
modulation—indeed, ketamine has repeatedly been found to induce glutamate release
(DeLorenzo et al., 2015; Lorrain et al., 2003; Moghaddam et al., 1997; Stone et al., 2012),
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and its dissociative properties may result from either excess or insufficient glutamatergic
tone (Aan Het Rot et al., 2012). This modulation, in turn, would result in circuit-level
responses, including changes in default mode network connectivity (Abdallah et al., 2017;
Bonhomme et al., 2016; Nugent et al., 2016).

This study is the first reported validation of the CADSS subscales proposed by Bremner and
colleagues (Bremner et al., 1998), which were initially developed for use in dissociative
disorders, including post-traumatic stress disorder, as well as in healthy volunteers.
Although a recent study questioned the instrument’s ability to fully capture ketamine’s
psychoactive properties (van Schalkwyk et al., 2017), we found that both the validity of the
CADSS subscales and their ability to meaningfully capture distinct aspects of ketamine-
induced dissociation were supported. In fact, coupled with the evidence of psychometric
validity, the differential relationship observed with antidepressant response suggests that
ketamine researchers may wish to focus primarily on the Depersonalization subscale of the
CADSS.

This study has several important limitations. First, there is the potential for inadequate
blinding, as, due to its psychoactive and sympathomimetic effects even at low doses, many
patients can distinguish ketamine from an inert (saline) placebo. Similarly, increased levels
of dissociation could potentially unblind clinical/research staff, who may think or behave
differently around subjects exhibiting high levels of dissociative symptoms (e.qg., giving
them greater individual attention and monitoring during the post-infusion period than
subjects who received ketamine without a significant side effect burden). In this regard, both
subject and staff unblinding may overestimate antidepressant response to ketamine in
placebo-controlled studies, especially in subjects who exhibit more dissociative side effects.
Next, our combined MDD and BD datasets, while maximizing available power, may
underrepresent ketamine’s antidepressant efficacy, as MDD patients display greater
ketamine-induced antidepressant improvement than patients with bipolar depression
(McGirr et al., 2015). Finally, as mentioned above, Type | (false positive) errors may have
been possible in our secondary (exploratory) analyses. Future studies are required to a priori
confirm these observations.

In conclusion, our data support the factor validity of the CADSS dissociative subscales in an
actively depressed population with MDD and BD. If time constrained, clinicians
administering ketamine for depression may opt to focus solely on the Depersonalization
subscale of the CADSS as a predictor of subsequent antidepressant response. It should also
be noted that while off-target effects cannot be excluded and confounding factors exist, a
mechanistic overlap that warrants future neurobiological investigation may nevertheless exist
between ketamine-induced depersonalization and antidepressant response.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS
. Intra-infusion dissociation is associated with antidepressant response to
ketamine.
. Antidepressant response may be uniquely related to dissociative symptom
clusters.
. Depersonalization was globally associated with antidepressant response.
. Derealization was discriminately associated with antidepressant response.
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Figure 1. CADSS Derealization Subscale and Antidepressant Response to Ketamine
A statistically significant three-way interaction was observed between the CADSS

Derealization subscale score, study, and time (H4,208)=2.7, p=.03. Slope was significant
only for the Ket-MOA study at Day 7 (B=-1.55, SE=0.65; t(204)=-2.37, p=.019). Predicted
values from the linear mixed model are plotted; shaded areas represent the 95% confidence
limits. Abbreviations: BD: bipolar disorder; CADSS, Clinician Administered Dissociative
States Scale; HAM-D: Hamilton Depression Rating Scale; MOA: Mechanism of Action; B:
unstandardized regression coefficient; SE: Standard Error
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Figure 2. CADSS Depersonalization Subscale and Antidepressant Response to Ketamine
A main effect of CADSS Depersonalization subscale score was observed ({118)=-2.07, p=.

04; interactions with study and time were non-significant). Fit line was computed for
visualization at Day 1 for KET-MOA. Shaded areas represent the 95% confidence limits.
Abbreviations: CADSS, Clinician Administered Dissociative States Scale; HAM-D:
Hamilton Depression Rating Scale; B: unstandardized regression coefficient; SE: Standard

Error
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Table 2
CADSS Total/Subscale Scores and HAM-D Percent Change Linear Mixed Models

Model Effect Numerator df  Denominator df F p

CADSS Total Score

Time 2 204 4.03 .02
Study 2 118 1.24 .29
CADSS 1 118 1.92 17
Time*Study 4 204 076 .55
CADSS*Time 2 204 0.53 .59
CADSS*Study 2 118 0.43 .65
CADSS*Time*Study 4 204 2.70 .03
CADSS Derealization
Time 2 204 3.37 .04
Study 2 118 222 A1
CADSS 1 118 2.66 A1
Time*Study 4 204 0.86 49
CADSS*Time 2 204 0.42 .66
CADSS*Study 2 118 1.31 .27
CADSS*Time*Study 4 204 2.73 .03
CADSS Depersonalization
Time 2 204 9.27 .0001
Study 2 118 0.90 41
CADSS 1 118 4.28 .04
Time*Study 4 204 0.60 .66
CADSS*Time 2 204 1.23 .29
CADSS*Study 2 118 0.26 a7
CADSS*Time*Study 4 204 0.97 42
CADSS Amnesia
Time 2 204 4.06 .02
Study 2 118 0.90 .41
CADSS 1 118 0.02 .90
Time*Study 4 204 0.64 .63
CADSS*Time 2 204 1.19 31
CADSS*Study 2 118 0.13 .88
CADSS*Time*Study 4 204 1.04 .39

Note: Time is a three-level fixed variable (230 minutes, Day 1, Day 7). Study is a three-level fixed variable (Ket-MOA, Ket-BD, and Ket-Riluzole).
Statistically significant (p<.05) effects are bolded.

Abbreviations: BD: bipolar disorder; CADSS: Clinician Administered Dissociative States Scale; df: Degrees of Freedom; HAM-D: Hamilton
Depression Rating Scale; Ket: Ketamine; MOA: Mechanism of Action
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