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Abstract

Ketamine has rapid-acting antidepressant properties but also potentially concerning transient
dissociative side effects (SEs). Recent studies noted a positive correlation between treatment
response to ketamine and general dissociative SEs, as well as “floating”, a depersonalization SE (a
subtype of the dissociative SEs). This analysis sought to determine whether floating mediates
treatment response to ketamine. Data were pooled from three double-blind, crossover, placebo-
controlled ketamine clinical trials across which 82 participants with treatment-resistant depression
(TRD) (44 with bipolar depression and 38 with major depressive disorder) received placebo and
ketamine (0.5 mg/kg) infusions. SEs were actively solicited in a standardized fashion before and
after ketamine infusion. The hypothesis that a post-infusion experience of floating would mediate
antidepressant response to ketamine was assessed at 230 minutes post-infusion and at Day 1.
Montgomery-Asberg Depression Rating Scale (MADRS) total score was the dependent variable in
a linear mixed effects model. Ketamine significantly decreased MADRS scores (p<0.0001), but no
relationship was detected between floating and MADRS score at either 230 minutes or Day 1 post-
infusion. The hypothesized mediation effect of floating was also not detected at either 230 minutes
or Day 1 post-infusion. Taken together, the findings do not support the hypothesis that ketamine’s
antidepressant effects are mediated by the dissociative depersonalization subtype SE of floating.
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Introduction

Over the last two decades, multiple studies have demonstrated that subanesthetic-dose
ketamine has rapid, robust, and sustained antidepressant effects in individuals with major
depressive disorder (MDD) (Diazgranados et al., 2010a, ladarola et al., 2015, Ibrahim et al.,
2011, Zarate et al., 2006) and bipolar depression (BD) (Diazgranados et al., 2010b, Zarate et
al., 2012). Commensurately, research efforts aimed at understanding this agent’s mechanism
of action and therapeutic potential have grown exponentially, as have efforts to explore
compounds with similar molecular activity. Over the last decade, intravenous racemic
ketamine has also increasingly been used to treat a range of psychiatric disorders in a variety
of clinical settings (Wilkinson et al., 2017). However, a key point of contention surrounding
ketamine use in depression is its associated side effects (SES), particularly psychotomimetic
effects such as dissociation, depersonalization, altered perceptions, and hallucinations
(Acevedo-Diaz et al., 2020, Zanos et al., 2018). These psychotomimetic SEs, which occur
immediately during the infusion and resolve within hours, have also been well documented
to occur in response to anesthetic doses of intravenous ketamine (Collier, 1972); in contrast,
ketamine’s main antidepressant effects persist for several days (Zarate et al., 2006).

Ketamine’s SE profile is of particular interest given studies linking antidepressant response
to ketamine in individuals with treatment-resistant depression (TRD) with the presence of
dissociative symptoms. Such studies have typically measured ketamine’s acute psychoactive
effects using the Clinician Administered Dissociative States Scale (CADSS). Luckenbaugh
and colleagues observed a significant association between increased CADSS score at 40
minutes post-ketamine and percent improvement in depressive symptoms as measured by
the Hamilton Depression Rating Scale (HAM-D) at 230 minutes and at Day 7 post-ketamine
(Luckenbaugh et al., 2014). In 2018, Niciu and colleagues reported that changes in
depersonalization items on the CADSS correlated with changes in depressive symptoms as
measured by the HAM-D (Niciu et al., 2018). In contrast, Wilkinson and colleagues reported
that changes in depressive symptoms, as assessed via the Montgomery-Asberg Depression
Rating Scale (MADRS) over time, were the same regardless of whether or not peak CADSS
score was included in the model (Wilkinson et al., 2018). Notably, opinions are mixed
regarding the ability of the CADSS to fully capture dissociative symptoms linked to
ketamine use (Neehoff and Glue, 2019, van Schalkwyk et al., 2018) as the scale was not
validated for this purpose (Bremner et al., 1998).

More recently, Stocker and colleagues reported that, in 62 YouTube videos of depressed
patients narrating their experience of receiving open-label ketamine, 27.4% of individuals
self-reported a sense of “lightness” or “floating” that was associated with relief of their
depressive symptoms (Stocker et al., 2019). Because self-reported floating experiences do
not have associated psychometric validity concerns like those associated with the CADSS,
they have the potential to narrow the scope of the general construct (e.g., “dissociation) to a
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single tangible experience. It should be noted that robust evidence supporting any putative
association and/or mediating effect between the experience of floating and treatment
response to ketamine could significantly impact the clinical use of ketamine and its
enantiomers. This is particularly relevant given the recent U.S. Food and Drug
Administration (FDA) approval of intranasal esketamine for the treatment of adult TRD. In
particular, the experience of floating could be further explored and validated as a predictor of
treatment response that could minimize the need to expose patients to repetitive dosing and
the associated risks of ulcerative cystitis (Shahani et al., 2007), abuse (Bonnet, 2015,
Sassano-Higgins et al., 2016, Strayer and Nelson, 2008), or neurotoxicity associated with
high doses of ketamine in animal models (Olney et al., 1989).

This study sought to assess the association between treatment response and floating
sensation in individuals with either MDD or BD who received a single intravenous
subanesthetic dose of ketamine (0.5mg/kg) in a double-blind, crossover, placebo-controlled
clinical trial. We hypothesized that the experience of floating during and after ketamine
infusion would positively correlate with treatment response at approximately four hours as
well as Day 1 post-ketamine infusion. We also hypothesized that the post-ketamine
experience of floating would mediate antidepressant response to ketamine, with greater
sensation of floating associated with increased response to ketamine.

Material and Methods

Participants

Data from 82 individuals with TRD (38 MDD and 44 BD; ages 18- 65) (see Table 1) who
received a single subanesthetic-dose (0.5mg/kg) intravenous ketamine infusion over 40
minutes were pooled for retrospective analysis. All participants were studied as inpatients at
the National Institute of Mental Health (NIMH), National Institutes of Health (NIH) Clinical
Research Center in Bethesda, MD, USA and provided written informed consent after the
nature of the procedures had been fully explained. The investigation was carried out in
accordance with the latest version of the Declaration of Helsinki and was reviewed by the
NIH Combined Neuroscience Institutional Review Board. Individuals participated in one of
three trials conducted under the umbrella of a larger protocol, “The Investigation of the
Rapid (Next Day) Antidepressant Effects of an NMDA Antagonist” (Clinical Trials
Identifier: NCT00088699; NIH protocol 04-M-0222). For the purposes of this analysis, and
in order to ensure the consistency of clinical measures, three substudies with identical
designs were chosen; two examined the effect of a single ketamine infusion in individuals
with treatment-resistant BD (KET-BD (Diazgranados et al., 2010b, Zarate et al., 2012)), and
one explored ketamine’s mechanism of action in TRD (KETMOA (Nugent et al., 2019)).
Individuals with unipolar MDD were tapered off psychotropic medications while individuals
with BD were stabilized on a therapeutic dose of lithium or valproic acid prior to study
participation. Further details for each specific study, including inclusion/exclusion criteria
and demographic and clinical characteristics, can be found in Table 2 and in prior
publications (Diazgranados et al., 2010b, Nugent et al., 2019, Zarate et al., 2012).
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Instruments

Drug response was measured using the MADRS (Montgomery and Asberg, 1979) total
score. One hundred and twenty SEs were assessed pre- and post-infusion (ketamine and
placebo) at several time points via active solicitation by trained clinicians and recorded in a
standardized fashion in the Data Safety and Monitoring Board (DSMB) form (subforms
included the “Regular Adverse Side Effects” form and the “Specific Adverse Side Effects
form”); these questionnaires were developed in-house (Acevedo-Diaz et al., 2020) for our
clinical trials and sought to assess participants’ self-reported SEs over the course of a
subanesthetic-dose (0.5mg/kg) intravenous ketamine infusion trial. SEs were recorded on a
Likert scale, where 0 = none, 1 = mild, 2 = moderate, and 3 = severe. Both MADRS scores
and information about SEs were collected via active solicitation at least 60 minutes prior to
each infusion and at 40, 80, 120, and 230 minutes post-ketamine infusion, as well as on
Days 1, 3, 7, 10, and 14 post-infusion.

Data were also collected regarding the occurrence, timing, and severity of the floating SE,
which is a specific dissociative depersonalization SE. When the experience of floating was
reported during a ketamine infusion, it typically peaked at 40 minutes (at the end of the
infusion) and rapidly declined to zero. However, only three of the 82 participants reported
floating experiences post-placebo infusion (see Figure 1). Because of this lack of variation in
post-placebo floating experiences, and because of minimal variation in post-ketamine
floating patterns over time, we selected each person’s maximum floating experiences post-
ketamine and post-placebo and took the difference to measure ketamine-induced floating
(KI-floating). For the 11 participants who dropped out before their placebo infusion, we
assumed zero post-placebo floating scores given that approximately 96% of participants (79
out of 82) reported no floating experiences post-placebo infusion.

Statistical analyses

The rate of floating experiences within 24 hours post-ketamine infusion (number who
reported floating at least once divided by 82) was calculated, as were rates for all other SEs
in order to determine whether floating was among the most commonly reported SEs. To
visually examine the temporal pattern of floating experiences, self-reported floating severity
scores were plotted over time for each person in each study.

A linear mixed model was used to quantify and test the relationship between floating and
MADRS scores as well as the mediating effect of floating on treatment response at 230
minutes post-infusion; a second, separate model was used to quantify and test these effects
at Day 1 post-infusion. For each model, main effects of treatment (ketamine or placebo), KI-
floating (entered as an ordinal variable), and treatment x Kl-floating interaction (which was
used to test the mediation hypothesis), were included. Period-specific baseline MADRS
scores and study period were included as covariates; a random intercept per person was also
included. Lastly, because data were pooled from different studies, study was included as a
main (fixed) effect after determining that the interaction between study, treatment, and
floating did not significantly contribute to either model. The two BD substudies were coded
with the same study identifier due to their identical designs, comparable clinical
characteristics, and the fact that they were conducted very close in time. ANOVAs were
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performed on each model, and F statistics and p values are reported for each fixed effect.
Model assumptions were checked with visual inspection of residual histograms and quantile-
quantile (g-q) plots. Due to missing treatment or baseline data, 78 participants were included
in the model for response at 230 minutes, and 80 were included in the model for response at
Day 1.

Floating was among the 10 most frequently reported SEs post-ketamine infusion, present in
60% of participants. For each of the studies included in this paper, floating peaked, for the
most part, at 40 minutes post-infusion and was rarely reported post-placebo and/or at
baseline (60 minutes before infusion) (Figure 2).

At 230 minutes post-infusion, Kl-floating was not significantly associated with treatment
response (F3 73=0.82, p=0.48), nor did it significantly mediate ketamine’s effects on
MADRS scores (F3, 1=1.02, p=0.39). However, at 230 minutes post-infusion, ketamine
significantly reduced MADRS scores relative to placebo (F1 61=53.8, p< 0.001), consistent
with findings reported in the primary publications from which the current participants were
drawn (Diazgranados et al., 2010b, Nugent et al., 2019, Zarate et al., 2012). The same
pattern of results was evident for Day 1 (Table 3, Figure 3).

Discussion

In this study of 82 participants with TRD pooled from three crossover, placebo-controlled,
ketamine clinical trials, floating was among the most commonly experienced dissociative
SEs associated with a subanesthetic intravenous dose of ketamine. However, in contrast to
previously reported findings (Stocker et al., 2019) and to our hypothesis, the results do not
support an association between the dissociative depersonalization SE of floating and
antidepressant response to ketamine in TRD participants diagnosed with either MDD or BD.
In addition, floating did not appear to mediate antidepressant response to ketamine (see
Figure 3). Notably, this finding is consistent with a previous notion that the mechanism of
action underlying ketamine’s dissociative and psychotomimetic SEs is independent from—
and may differ from—the mechanism of action underlying its antidepressant effects (Zanos
etal., 2016).

In contrast to past reports linking either overall dissociative symptoms (Luckenbaugh et al.,
2014) or depersonalization symptoms (Niciu et al., 2018) with ketamine’s antidepressant
effects, this study found no relationship between the specific dissociative SE of floating and
antidepressant response to ketamine. One possible reason for the discrepancy is that the
present study examined only one specific SE, while the other studies (Luckenbaugh et al.,
2014, Niciu et al., 2018) examined a general measure across a range of dissociative SEs
(e.g., as measured by the CADSS) or a subgroup of dissociative symptoms (e.g., the CADSS
depersonalization subscale). This study also does not support previous accounts from
individuals’ qualitative reports (Stocker et al., 2019) that sensations of lightness or floating
during ketamine infusion were associated with relief of depressive symptoms.
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One of the major strengths of this study is the inclusion of data from both ketamine and
placebo conditions. In addition, the studies’ crossover designs maximized power and
permitted each participant with TRD to serve as their own control. Limitations of this study
include its post-hoc design, which prevented a priori power analyses and increased the
possibility of type 2 errors. In addition, a qualitative/subjective measure was being examined
with a quantitative approach. Finally, differences between diagnostic groups (BD vs MDD)
could not be investigated because diagnosis and study were confounding factors and because
the data were treated as meta-analytic in nature; thus, no remaining variations in diagnosis
could be examined.

Conclusion

The results of this study suggest that the dissociative SE of floating is not associated with
antidepressant response to ketamine in individuals with TRD and therefore cannot be used
as an indicator or predictor of treatment response. Identifying clinical markers or predictors
of treatment response could minimize the need to expose individuals to the risks associated
with ketamine (particularly with repetitive dosing) and continues to be a potentially fruitful
area of research.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. Antidepressant response to ketamine may be related to dissociative symptoms

. Floating (or feeling of lightness) is a specific dissociative side effect

. Patients (n=82) with treatment-resistant depression received placebo and
ketamine

. Ketamine’s antidepressant effects were not mediated by the symptom of
floating

. The specific dissociative symptom of floating does not predict response to
ketamine
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Figure 1:

Effect of drug (ketamine versus placebo) on the experience of floating for up to four hours
post-infusion. The figure illustrates the severity of floating experience as reported after a
single subanesthetic-dose ketamine infusion (0.5 mg/kg) and placebo infusion for up to four
hours post-infusion. Abbreviations: KET-BD: ketamine in bipolar depression study (two BD
substudies coded with the same study identifier); KET-MOA: Ketamine mechanism of
action study.
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spacey 79.3%
feel strange, weird, or bizarre 793%
woozy/loopy 72.0%
dissociation 64.6%
visual distortions 62.2%
numbness 58.5%
difficulty speaking 57.3%
delayed verbal response 47 6%
confusion 46.3%
0% 25% 50% 75% 100%
Percent
Figure 2:

The 10 most commonly reported side effects (SEs) in the pooled sample of 82 participants
with treatment-resistant depression (TRD) (38 with major depressive disorder (MDD) and
44 with bipolar disorder (BD)).
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Figure 3:
Maximum floating severity difference score* by Montgomery-Asberg Depression Rating

Scale (MADRS) total score at different time points with means and 95% confidence
intervals. *For each person, floating severity difference score was calculated by subtracting
their maximum observed post-placebo floating score from their maximum observed post-
ketamine floating score.
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Demographic characteristics

Variable KET-BD* KET-MOA
Subjects (N) 41 41
DSM IV Diagnosis | BD MDD (38) & BD (3)
Age (yrs) 47 (11.8) 36.4 (10.7)
Male 17 (41.5%) | 16 (39%)
Race — White 36 (87.8%) | 33 (80.5%)

Table 1.

Page 13

Abbreviations: MDD: major depressive disorder; BD: bipolar disorder; KET-BD: ketamine in bipolar depression study (two BD substudies coded

with the same study identifier); KET-MOA: Ketamine mechanism of action study
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Results of linear mixed models

F (df) p-value
230 Minutes
Intercept 5274.90 (1,73) | <.0001
Infusion 19.66 (1,61) <.0001
Baseline MADRS 120.50 ( 1,61) <.0001
Drug 53.84 (1,61) <.0001
KI-Floating 0.83(3,73) 0.48
Drug x Kl-Floating | 1.02 ( 3,61) 0.39
Study 13.14 (1,73) 0.0005
Day 1
Intercept 5010.83 (1,75) | <.0001
Infusion 10.02 ( 1,65) 0.0024
Baseline MADRS 98.04 (11,65) <.0001
Drug 61.26 (1,65) <.0001
KI-Floating 0.30 (3,75) 0.82
Drug x KI-Floating | 0.66 ( 3,65) 0.58
Study 2.91(1,75) 0.09
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Abbreviations: df: degrees of freedom; MADRS: Montgomery-Asberg Depression Rating Scale; Kl-floating: ketamine-induced floating (maximum
floating experience post-ketamine minus maximum floating experience post-placebo).
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