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Abstract
Background—Antidepressant response to a single subanesthetic dose infusion of the
glutamatergic modulator ketamine is transient in most depressed patients; however, a minority
continue to experience an extended response. This study examined depressive symptoms and
potential clinical predictors of extended response to ketamine in subjects with mood disorders.
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Methods—Subjects were diagnosed with either major depressive disorder (MDD) or bipolar
depression. All subjects were treatment-resistant and experiencing a major depressive episode of at
least moderate severity. MDD subjects were unmedicated and those with bipolar depression were
receiving therapeutic-dose lithium or valproate. All subjects received a single 0.5 mg/kg ketamine
infusion. Data were collected pre-infusion (baseline) and at days one, 14, and 28 post-infusion.
Results—Twelve of 93 (12.9%) participants continued to meet response criteria (50% reduction
in Montgomery-Asberg Depression Rating Scale (MADRS) score) at two weeks. All depressive
symptoms assessed by the MADRS were improved at two weeks in ketamine responders except
for sleep duration/depth. A positive family history of alcohol use disorder in a first-degree relative
(FHP) and greater dissociation during the infusion were associated with better antidepressant
response at two weeks. Improved measures of apparent sadness, reported sadness, inability to feel,
and difficulty concentrating at day 1 correlated most strongly with antidepressant effects at two
weeks.
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Limitations—Post-hoc design, small sample size, diagnostic heterogeneity. Conclusions: Static
(FHP) and dynamic (improved depressive symptoms) factors may be clinically useful in predicting
whether a patient will have an extended response to ketamine.
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Introduction
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Worldwide, major depressive disorder (MDD) is associated with high rates of morbidity and
disability. The disorder is thought to affect 4.3% of the world’s population (Vos et al., 2012),
and lifetime prevalence is estimated at 14.6% (Bromet et al., 2011). Most currently available
antidepressant treatments can take two to four weeks to elicit an initial response, and
treatment often requires several months for a full response. Indeed, in the real-world
effectiveness Sequenced Treatment Alternatives to Relieve Depression (STAR*D) trial, only
36.8% of patients experienced a remission of their depressive symptoms in response to a
standard course of the selective serotonin reuptake inhibitor citalopram (Rush et al., 2006).
The same study found that one-third of patients did not achieve remission even after four
different antidepressant treatment trials with agents of different classes. Taken together, the
evidence underscores the significant need for more rapid-acting and effective
antidepressants, presumably with alternative mechanisms of action.
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Aberrant glutamatergic neurotransmission has been implicated in both preclinical models of
depression and in MDD (Niciu et al., 2014b; Shors et al., 1989). As a result, glutamatergic
agents have been investigated as novel antidepressants (Niciu et al., 2014a; Skolnick et al.,
1996). Multiple clinical trials have demonstrated that subanesthetic dose ketamine has robust
and rapid antidepressant efficacy in both treatment-refractory MDD and in bipolar
depression (Coyle and Laws, 2015; Lee et al., 2015). However, the antidepressant effects of
a single ketamine infusion are transient in most patients (Coyle and Laws, 2015); as an
example, only 50% of ketamine responders continue to respond at two days post-infusion
(Newport et al., 2015).
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Multiple studies have attempted to extend antidepressant response to ketamine. For instance,
the glutamatergic modulator riluzole was tested in two randomized, double-blind, placebocontrolled trials but the effect did not separate from placebo (Ibrahim et al., 2012; Mathew et
al., 2010). D-cycloserine, a partial agonist at the glycine co-agonist site of the NMDA
receptor, has also been studied in relapse prevention and was found to be effective in a small
(n=12) proof-of-concept study in bipolar depression (Kantrowitz et al., 2015). Nevertheless,
the most promising antidepressant maintenance strategy currently under investigation
appears to be repeated-dose ketamine infusions; yet, to date, only a few such studies have
been conducted (aan het Rot et al., 2010; Cusin et al., 2016; Diamond et al., 2014; Murrough
et al., 2013; Rasmussen et al., 2013; Singh et al., 2016). These multiple infusion studies have
observed extended time-to-relapse (Rasmussen et al., 2013) as well as an increased number
of responders (Diamond et al., 2014; Murrough et al., 2013; Rasmussen et al., 2013). Early
response to ketamine was also found to predict extended response; one study noted an
average time to relapse of 18 days after the last infusion and approximately one-third of the
17 phase I responders maintained antidepressant response at the end of a naturalistic follow-
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up period (83 days) (Murrough et al., 2013). Given these observations, identifying clinical
and/or sociodemographic correlates of extended response in single-infusion ketamine studies
is critical as it may facilitate better research design and data interpretation in future multipleinfusion protocols.
Relatedly, efforts are underway to identify biomarkers of ketamine response (for a review,
see (Iadarola et al., 2015)). Areas of investigation include BDNF (Haile et al., 2014; Laje et
al., 2012; Machado-Vieira et al., 2009), Shank3 (Ortiz et al., 2015), D-serine (Moaddel et
al., 2015), interleukin-6 (Yang et al., 2015), vascular endothelial growth factor receptor 1
(VEGF-1) (Permoda-Osip et al., 2014), and vitamin B12 (Lundin et al., 2014; Permoda-Osip
et al., 2014). While these studies are promising, many of the findings need to be replicated.
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With the exception of anhedonia (Lally et al., 2014), fatigue (Saligan et al., 2016), and
suicidal ideation (DiazGranados et al., 2010b; Reinstatler and Youssef, 2015), the literature
looking at specific depressive symptom improvement after ketamine has been limited. In
MDD patients who remit with citalopram, residual depressive symptoms, most commonly
sleep and appetite disturbance, persist (Nierenberg et al., 2010). Few baseline
sociodemographic variables have been investigated with regard to their association with
antidepressant response to ketamine past one week. Interestingly, studies have found that
family history of an alcohol use disorder in a first-degree relative (FHP) correlated with
increased antidepressant effects of ketamine in treatment-resistant individuals with either
MDD (Niciu et al., 2014c; Niciu et al., 2014d; Phelps et al., 2009) or bipolar depression
(Luckenbaugh et al., 2012; Permoda-Osip et al., 2014). In addition, patients with such a
history had fewer depressive symptoms for up to four weeks post-infusion (Niciu et al.,
2014d). Higher body mass index (BMI) was also found to correlate with greater
improvement in depressive symptoms at 230 minutes and one day post-infusion, and no
lifetime history of suicide attempt(s) correlated with antidepressant efficacy at one week
post-infusion (Niciu et al., 2014c). Another study found that dimensional anxious depression
(as defined as a Hamilton Depression Rating Scale (HAM-D) anxiety/somatization factor
score ≥ 7) at baseline also correlated with improvement in depressive symptoms in
individuals with treatment-resistant MDD (Ionescu et al., 2014). Finally, greater intrainfusion dissociation (as measured by the Clinician Administered Dissociative States Scale
(CADSS)) was found to be correlated with increased antidepressant effects at 230 minutes
and at one week post-infusion (Luckenbaugh et al., 2014).
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Given the depressive symptoms noted above that have been associated with antidepressant
response to ketamine at one week (accounting for significant amounts of the effect variance
in prior studies at this time point), we hypothesized that FHP status, anxious depression, no
lifetime history of suicide attempt(s), and greater dissociation would correlate with
continued antidepressant effects at two weeks, and that all depressive symptoms assessed by
the MADRS would be decreased two weeks after ketamine infusion in ketamine responders.
We further sought to ascertain whether early symptom improvement would correlate with
greater antidepressant effects at two weeks, hypothesizing that improvement in each
individual MADRS symptom would correlate with overall antidepressant efficacy at two
weeks.
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Methods
Participant Selection
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We examined data previously collected from four independent inpatient studies conducted
by our group on the experimental use of ketamine in treatment-resistant MDD and bipolar
I/II depression without psychotic features. The studies were conducted between October
2006 and June 2015. The primary results of three of the four studies have been previously
published (Diazgranados et al., 2010a; DiazGranados et al., 2010b; Ibrahim et al., 2012;
Zarate et al., 2012). Two papers reported the results of a double-blind, placebo-controlled
study of a single subanesthetic dose of ketamine in current bipolar depression (“ketamine
bipolar”; NCT#00088699, NIH Protocol #04-M-0222, substudy 2) (Diazgranados et al.,
2010a; Zarate et al., 2012). One study examined the use of flexible-dose oral riluzole
(100-200mg/day) versus placebo for 28 days following open-label ketamine infusion in
treatment-resistant MDD (“ketamine riluzole”; NCT#00088699, NIH Protocol #04-M-0222,
substudy 3) (Ibrahim et al., 2012); subjects from both the placebo and riluzole arms were
included in this analysis. Results from an additional, ongoing study of ketamine in
treatment-resistant depression are unpublished (NCT#00088699, NIH Protocol #04-M-0222,
substudy 4).
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All participants were between the ages of 18 and 65 years old and admitted to the National
Institute of Mental Health’s Mood and Anxiety Disorders research unit in Bethesda,
Maryland. All participants provided written informed consent as approved by the National
Institutes of Health Combined Central Nervous System Institutional Review Board. All
neuropsychiatric diagnoses were based on the Diagnostic and Statistical Manual of Mental
Disorders-Fourth Edition-Text Revision (DSM-IV-TR) criteria as confirmed by both a
clinical interview performed by a licensed independent psychiatric practitioner and the
Structured Clinical Interview for Axis I DSM-IV Disorders, Patient Version (SCID-I/P)
(First et al., 2002); the DSM-5 was not used, given that three of the four studies included in
this analysis were completed before the DSM-5 was released. All participants were
experiencing a major depressive episode of at least moderate severity (defined as a
Montgomery-Åsberg Depression Rating Scale (MADRS) total score ≥20 (Diazgranados et
al., 2010a; Zarate et al., 2012) or ≥22 (Ibrahim et al., 2012)) at screening and prior to
infusions. Subjects were also required to not have responded to at least one adequate
antidepressant dose/duration trial, have no active substance use diagnosis for at least three
months prior to inpatient admission, and have no unstable medical problems.
Study Design
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After signing protocol-specific consent forms, all MDD subjects were tapered off their
current psychotropic medication regimen and remained medication-free for at least two
weeks (five weeks for fluoxetine) prior to infusion. Participants with bipolar I/II depression
were tapered off all psychotropic medications except lithium or valproate; these subjects
were then initiated and/or maintained on therapeutic levels of lithium or valproate for at least
four weeks. All participants received a single subanesthetic (0.5mg/kg) infusion of ketamine
hydrochloride over 40 minutes. In the “ketamine riluzole” open-label study, subjects
received ketamine and were then randomized to either riluzole (100-200 mg/day) or placebo
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for 28 days. All studies administered rating scales at 60 minutes pre-infusion (baseline). The
two “ketamine bipolar” studies and the treatment-resistant depression study (unpublished
data) administered rating scales up to 14 days post-infusion, whereas the “ketamine riluzole”
open-label study administered rating scales up to 28-days post infusion (Ibrahim et al.,
2012).
Outcome Measures
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The primary outcome measure for this analysis was the standard 10-item MADRS; it should
be noted that this scale does not systematically examine atypical symptoms of depression
(i.e., increased sleep, increased appetite, etc). Antidepressant response was defined as a
≥50% reduction in MADRS score from baseline at a given post-infusion time point, e.g. two
weeks. Dissociative side effects were assessed using the CADSS (Bremner et al., 1998).
Data from the HAM-D, Hamilton Anxiety Rating Scale (HAM-A), Beck Depression
Inventory (BDI), and Young Mania Rating Scale (YMRS) were also assessed.
Demographic and clinical variables (reported in Table 1) were examined in relation to twoweek antidepressant efficacy. These variables were chosen based on their association with
antidepressant efficacy in longitudinal MDD and bipolar clinical trials but also included
variables previously reported to be associated with ketamine’s antidepressant effects (Niciu
et al., 2014c; Niciu et al., 2014d; Obrocea et al., 2002; Permoda-Osip et al., 2014; Trivedi et
al., 2006). To determine whether specific residual symptoms post-infusion predicted
antidepressant effect at two weeks post-infusion, individual symptoms at day one were also
examined in relation to two-week antidepressant efficacy.
Statistics
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Baseline demographic and clinical characteristics were compared between two-week
responder and non-responder groups using chi-square and independent samples t-tests.
Linear mixed models using restricted maximum likelihood estimation and a compound
symmetry covariance structure were used to analyze the course of individual MADRS
symptoms from baseline to two weeks post-infusion in the two-week responder vs. nonresponder groups. Main effects for group and time and their interaction were included in the
model, with the time points of 40, 80, 120, and 230 minutes as well as days one, two, three,
seven, and 14. Baseline level was used as a covariate. In addition, for individual symptoms,
subjects with a baseline of zero were removed from the analysis to minimize a floor effect.
Bonferroni-corrected simple effects tests were used to compare groups at individual time
points if the interaction between time and response was significant.
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Pearson correlations were used to examine associations between percent change in MADRS
score at two weeks post-ketamine infusion and the following: (1) the raw values of
individual symptoms one day after infusion, and (2) baseline demographic and
neuropsychiatric variables and total CADSS score at the end of the 40-minute infusion.
Bonferroni corrections were used when correlations were run without an a priori hypothesis.
Because FHP status, history of suicide attempt, dimensional anxious depression, and intrainfusion dissociation had all previously been found to correlate with ketamine’s
antidepressant efficacy at one week, they were not corrected for multiplicity.
J Affect Disord. Author manuscript; available in PMC 2018 January 15.
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Results
Response Distribution and Correlates
Of the 122 participants in the four independent studies described above, 93 (76.2%)
remained in their respective protocol for at least 14 days post-infusion, and 33 subjects
completed four weeks of the open-label study (“ketamine riluzole”). Given the larger sample
size, most analyses were conducted with data from the 14-day time point.
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We first evaluated the distribution of antidepressant response to ketamine at one day and at
two weeks post-infusion. Mean percent change in MADRS was −33.7% ± 35.2 at one day
and −17.2% ± 26.9 at two weeks post-infusion. Forty-one of the 122 participants (32.5%)
had an antidepressant response at 24 hours, and 12 of the 93 (12.9%) had a response at the
two-week time point. The demographic and clinical features of the subjects who did (n=12)
and did not (n=81) show an antidepressant response to ketamine at the two-week time point
are presented in Table 1. Compared to non-responders at two weeks, the two-week responder
group had greater percent change from baseline MADRS score at 230 minutes (p=.006), one
day (p=.003), and two weeks (p<.001).
As noted above, 33 subjects completed four weeks of the open-label “ketamine riluzole”
study. For those subjects, mean MADRS percent change at four weeks was −20.1% ± 28.7.
Of the 33 subjects, four (12.1%) continued to exhibit an antidepressant response at four
weeks post-infusion. Notably, two of those responders were experiencing their first major
depressive episode and all four had FHP status.
Specific Symptom Improvement Associated with Ketamine’s Extended Antidepressant
Effect
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We next investigated change in specific depressive symptoms at two weeks using individual
MADRS items. Those who reported a zero at baseline for the symptom being examined
were excluded. We hypothesized that there would be differences in depressive symptoms
between responders and non-responders at two weeks and, indeed, significant group
differences were observed for all symptoms at two weeks except for “Reduced Sleep”
(MADRS item #4; F(1,697) = 1.64, p = .20). To further examine the lack of change in sleep
symptoms, we performed linear mixed models on sleep-related items from other
standardized rating scales. We were interested in the internal validity of the finding as well
as in elucidating whether specific subtypes of insomnia were differentially affected. No
significant difference was observed at two weeks in the YMRS sleep item, the HAM-D early
insomnia item, the HAM-D middle insomnia item, or the HAM-D late insomnia item. Prior
to multiplicity correction, a significant difference was only seen in the self-reported BDI
sleep item (F(1, 227) = 7.55, p = .007).
Was Day One Antidepressant Symptom Improvement Related to Two-Week Antidepressant
Efficacy?
To assess the degree by which residual symptoms could predict ketamine’s antidepressant
efficacy, bivariate correlations examining the relationship between individual MADRS items
at one day post-infusion and percent change in MADRS score at two weeks were conducted
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(Table 2). In general, more residual symptoms at day one was associated with decreased
antidepressant efficacy at two weeks. Significant correlations with percent change in
MADRS score at two weeks were found with reported sadness (r = −.34, p = .001), difficulty
concentrating (r = −.32, p = .002), apparent sadness (r = −.30, p = .003), and inability to feel
(r = −.31, p = .002) at day one. A stepwise linear regression showed that only reported
sadness was an independent correlate.
Demographic and Clinical Correlates of Ketamine’s Extended Antidepressant Efficacy
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The relationship between demographic and clinical variables and percent change in MADRS
score from baseline to two weeks post-infusion were assessed with Pearson correlations. As
mentioned previously, FHP status, no lifetime history of suicide attempt, dimensional
anxious depression, and intra-infusion dissociation were previously found to correlate with
ketamine’s antidepressant effects at one week and were thus treated as primary variables. Of
the primary variables, only FHP status (r = −.23, p=.03) and dissociation at 40 minutes (r =
−.29, p = .005) correlated with antidepressant efficacy.

Discussion
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In this secondary analysis, we hypothesized that all individual depressive symptoms
assessed by the MADRS would be lower in those who continued to manifest an
antidepressant response to ketamine at two weeks post-infusion versus those who did not.
We found that all MADRS depressive symptoms were improved at two weeks in ketamine
responders except for sleep quality. In addition, a positive family history of alcohol use
disorder in a first-degree relative (FHP) and greater dissociation during the infusion were
associated with better antidepressant response at two weeks. Improved measures of apparent
sadness, reported sadness, inability to feel, and difficulty concentrating at day one correlated
most strongly with antidepressant efficacy at two weeks.
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While most depressive symptoms were lower in responders, sleep quality was not
significantly different from non-responders at two weeks. This finding was replicated in the
YMRS sleep item as well as in the HAM-D early, middle, and late insomnia items, but not in
the BDI sleep item. This difference may be due to variability in the range of possible scores
(0-3 on the BDI versus 0-6 on the MADRS), wording differences across the instruments, or
means of administration (BDI is a self-report questionnaire whereas the other scales are
clinician-administered). In addition, the effects of ketamine on sleep in depressed patients
are complex. Ketamine increased slow-wave sleep activity as well as total sleep time in
MDD patients for two days post-ketamine infusion (Duncan et al., 2013), but had little effect
on the sleep of bipolar patients taking concurrent mood stabilizers (Duncan and Zarate,
2013). Increased slow-wave sleep is considered a biomarker of enhanced synaptic plasticity
(Vyazovskiy et al., 2008), which has been implicated in ketamine’s antidepressant
mechanism of action (Bjorkholm and Monteggia, 2016; Duncan et al., 2013). Our findings
suggest that, while earlier, more objective improvements in sleep patterns may occur, these
changes may not be perceived by raters and may not persist in those with an overall
protracted response to ketamine. These results also parallel previous findings that continued

J Affect Disord. Author manuscript; available in PMC 2018 January 15.

Pennybaker et al.

Page 8

Author Manuscript

sleep problems are one of the most common residual symptoms after remission of
depressive symptoms in response to citalopram (Nierenberg et al., 2010).
The present study also investigated what, if any, residual symptomatology at day one might
predict antidepressant efficacy at two weeks, hypothesizing that fewer symptoms early in the
course of treatment would predict continued antidepressant efficacy. We found that
improvements in reported sadness, apparent sadness, inability to feel, and concentration at
day one were most robustly correlated with percent change in MADRS score from baseline
to two weeks. However, the individual correlations explained only a limited proportion of
the variance in response. While this result may be clinically useful in predicting which
subjects are more likely to have a protracted antidepressant response to ketamine, the limited
amount of variance explained suggests the need for additional correlates to generate stronger
predictors of response.
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The need to identify demographic and clinical correlates of ketamine’s antidepressant effects
is key to both clinical practice and the design of future studies, given that such correlates
could generate spurious associations if not properly controlled or covaried. In this study,
FHP status correlated with improved antidepressant response at two weeks post-infusion.
FHP’s association with ketamine’s enhanced antidepressant efficacy is supported by
previous publications from our group (Niciu et al., 2015; Phelps et al., 2009) and the finding
was also noted in a Polish cohort with bipolar depression (Permoda-Osip et al., 2014). FHP
is also associated with attenuation of ketamine’s adverse effects, e.g. acute dysphoria and
positive symptoms (Petrakis et al., 2004) as well as with reward valence (Yoon et al., 2016).
In addition, an emerging FHP neuroimaging literature that includes premorbid/at-risk FHP
youth found differential subcortical and cerebellar brain volumes as well as differences in
white matter microstructures (Cservenka, 2015). This suggests that increased antidepressant
response to ketamine may be due to a variety of factors.
In this regard, one genetic factor that may play a role in the correlation with FHP is a
polymorphism in the NR2A subunit of the NMDA receptor (Schumann et al., 2008). This
polymorphism is associated with family history of alcoholism, early onset of alcohol use
disorder, and risky drinking behavior. Epigenetic and/or neurophysiological factors may also
play a role (e.g. individuals with FHP have been shown to have altered age-related
differences in glutamatergic turnover (Cohen-Gilbert et al., 2015) as well as other structural
and functional neuroimaging alterations (Cservenka, 2015)). Overall, however, little work
has been done to date on the genetic or biomarker-based factors underlying this association
with FHP.
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The present study also found that greater dissociation during ketamine infusion correlated
with increased antidepressant efficacy at two weeks post-infusion. This finding was also
observed at earlier time points in an overlapping subsample of participants (Luckenbaugh et
al., 2014). To our knowledge, however, no biomarkers to date have been linked to greater
dissociation during ketamine infusions. It is possible that dissociation is related to
ketamine’s ability to increase glutamate release, given that lamotrigine, a drug thought to
inhibit glutamate release, attenuates ketamine’s dissociative effects (Anand et al., 2000).
This increase in glutamate is thought to mediate ketamine’s antidepressant abilities through
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increased α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA)-to-NMDA
receptor activation (Dwyer and Duman, 2013; Maeng et al., 2008). Ketamine’s
antidepressant properties may also stem from the induction of profound experiences
(Krupitsky and Grinenko, 1997), with dissociation potentially acting as a marker of such
experiences. Another possibility is that experiencing significant dissociative symptoms
unblinds participants as to whether they are receiving ketamine or placebo. However, an
earlier study from our group found that dissociation—but not psychotomimetic symptoms—
was associated with improved mood ratings, even though both could potentially unblind
participants (Luckenbaugh et al., 2014). It should also be noted that a correlation between
ketamine-induced dissociation and antidepressant efficacy was not observed in a smaller
sample (n=11) (Valentine et al., 2011). Nevertheless, more research is needed to understand
the mechanism(s) underlying this correlation.
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We also hypothesized that dimensional anxious depression at baseline would correlate with
ketamine’s extended antidepressant effects (Ionescu et al., 2014), but this was not found in
our sample at this time point. In addition, while BMI and lack of prior suicide attempt had
previously been found to correlate with antidepressant efficacy at earlier time points
(Luckenbaugh et al., 2014; Niciu et al., 2014c), these correlations were not replicated in our
larger sample at two weeks.
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Our study has many strengths as well as a number of limitations. Strengths include the
combined subject-level data from several independent ketamine depression trials, which
resulted in a relatively large sample of two-week responders. All participants were wellcharacterized inpatients studied at the same site by the same research group with high interrater reliability for the studied outcome measures. Potential limitations include the
secondary/post-hoc design, the pooling of MDD and bipolar depressed subjects, the
differences in initial medication status between subjects (unmedicated (MDD) vs medicated
(lithium or valproate-maintained bipolar) subjects), the differences in study design (doubleblind, placebo-controlled versus open-label), and the fact that a subset of subjects in the
“ketamine riluzole” study received medication (riluzole) during the post-infusion period. Of
those included in this analysis, 24/78 received adjunctive riluzole, and five of 24 responders
received riluzole in addition to ketamine. While this may confound results, it should be
noted that adjunctive riluzole did not significantly alter changes in depressive symptoms and
did not delay time to relapse (Niciu et al., 2015). The significant subject heterogeneity
reinforces the need for independent researchers to replicate these findings in more uniform
samples. Another limitation is the lack of physiological sleep measures at two weeks—for
instance, sleep polysomnography (PSG) or 24-hour actigraphy—to confirm poor sleep
quality as reported on the clinician-administered scales.
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By generating data that could be used to predict which subjects are likely to have an
extended response to a single ketamine infusion, these findings may be useful in designing
future studies. Interestingly, Murrough and colleagues (2013) reported a sensitivity and
specificity of 0.88 and 0.71, respectively, for 24-hour antidepressant response and at the end
of their open-label, six-infusion, 12-day protocol (Murrough et al., 2013). This suggests that
the predictive ability of early response to a single infusion may also be useful in predicting
response to multiple infusions. In addition, as ketamine continues to be developed as a
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treatment for depression, the finding that significant response to ketamine at day one may
correlate with antidepressant effects two weeks later may help determine how often a patient
will need repeated dosing; that is, those who are significantly improved after a single
infusion—an effect apparent as early as 24 hours post-infusion—may not require repeat
administration until much later, thereby minimizing potential risks associated with repeated
exposure.
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Taken together, our findings in two-week ketamine responders addresses previously
unanswered questions and provides future avenues of research. Notably, while many patients
experience a remarkable initial response to ketamine treatment, only 12.9% of our sample
had an antidepressant response at two weeks. Though it is impressive that a single dose of
ketamine can have such a profound effect on these extended responders, this result also
highlights the fact that most subjects with treatment-resistant depression may not experience
a lasting benefit from ketamine or, to sustain that benefit, will require regular ketamine
maintenance therapy. Thus, it may be clinically advantageous to identify those who respond
robustly early on in order to discuss maintenance therapies including, but not limited to,
repeated-dose ketamine.
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The correlation between improvements in specific depression symptoms (reported sadness,
apparent sadness, inability to feel, and difficulty concentrating) at day one with overall twoweek antidepressant efficacy may provide a clinically useful way to gauge the likelihood of
extended antidepressant response to a single ketamine administration in individual subjects.
Unchanged sleep symptoms at two weeks suggests that sleep may be one of the more
refractory symptoms in both effective monoaminergic and glutamatergic antidepressant
trials. In addition, the findings that FHP and increased intra-infusion dissociation correlated
with antidepressant effects at two weeks are also key to understanding and maximizing
ketamine’s effects. We hope these findings lead to further discoveries into glutamate-based
antidepressant mechanisms as well as assist clinicians in predicting which subjects are more
likely to experience longer antidepressant effects in response to ketamine.
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•

Some subjects display antidepressant response to ketamine two weeks
post-infusion

•

Two-week post-infusion data from multiple ketamine trials (MDD &
BD) were combined

•

Dissociation & family history of alcohol use were linked to response at
two weeks

•

Less sadness, anhedonia & trouble concentrating at day 1 predicted
greater response

•

Sleep quality was not significantly improved in responders at two
weeks
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Figure 1.

Percent Change from Baseline MADRS at (A) Day One, mean = −33.7, SD = 35.2 (n = 122)
(B) Week Two, mean = −17.2, SD = 26.9 (n = 93).
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Figure 2.

Residual Depressive Symptoms in Ketamine Responders (n=12) and Non-Responders
(n=81) at 2 weeks Post-Infusion (controlled for baseline differences).
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Demographic and Clinical Data of Subjects Receiving Ketamine, Separated by Antidepressant Response at
Two Weeks
Responders at Two
Weeks (n=12)
mean (SD)

Non-Responders at
Two Weeks
(n=81)
mean (SD)

43.8 (12.4)

43.7 (12.8)

Body mass index

32.7 (9.0)

28.9 (6.3)

Age of Onset, years

23.9 (11.9)

17.6 (8.8)

Length of Illness, years

19.9 (10.0)

26.0 (12.7)

Length of Current Depressive Episode,
months

65.8 (111.4)

50.5 (93.6)

Number of Previous Episodes

29.5 (44.0)

30.5 (40.4)

5.7 (3.0)

8.0 (4.3)

MADRS

31.6 (3.1)

33.0 (5.0)

BDI

25.8 (6.9)

28.1 (8.7)

HAM-A

19.7 (3.4)

21.2 (5.2)

230 min

−60.4 (28.6)

−31.4 (34.7)

1 day

−62.5 (30.9)

−28.6 (34.5)

14 days

−66.1 (14.8)

−10.0 (19.8)

n (%)

n (%)

Not College Grad

7 (58.3)

33 (42.3)

College Grad

5 (41.7)

45 (57.7)

Sex, female

5 (41.7)

44 (54.3)

Race/ethnicity, white

11 (91.7)

72 (91.1)

Diagnosis (bipolar disorder)

2 (20.0)

21 (36.8)

Suicide Attempt

6 (50.0)

30 (38.5)

Anxiety Disorder

5 (50.0)

30 (54.5)

Alcohol Abuse

2 (16.7)

20 (28.6)

Substance Abuse (non-nicotine)

6 (50.0)

27 (36.5)

Physical

4 (40.0)

14 (23.0)

Sexual

4 (40.0)

13 (21.3)

6 (50.0)

28 (35.4)

Age, years

Total Lifetime Medication Trials

Author Manuscript

Clinical Ratings (at baseline)

Percent change in MADRS score

Education

Author Manuscript

Lifetime History of

Abuse

Author Manuscript

Family History Alcohol Use Disorder, 1st
Degree Relative

Abbreviations: MADRS, Montgomery-Åsberg Depression Rating Scale; BDI, Beck Depression Inventory; HAM-A, Hamilton Anxiety Rating
Scale
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Table 2

Author Manuscript

Day 1 Symptom Severity Correlation with Antidepressant Response to Ketamine at Two Weeks (MADRS
Percent Change from Baseline)

Author Manuscript

r

r2

p

padjusted*

Reported Sadness

−.34

.116

.001

.01

Difficulty Concentrating

−.32

.102

.002

.02

Inability to Feel

−.31

.096

.002

.02

Apparent Sadness

−.30

.090

.003

.03

Lassitude

−.26

.068

.012

.12

Pessimistic Thoughts

−.23

.053

.024

.24

Inner Tension

−.23

.053

.029

.29

Reduced Appetite

−.23

.053

.026

.26

Suicidal Thoughts

−.22

.048

.037

.37

Reduced Sleep

−.08

.006

.48

1.00

Variable

*

Bonferroni-corrected for multiple comparisons; bolded variables were significant.

Abbreviations: MADRS: Montgomery Åsberg Depression Rating Scale

Author Manuscript
Author Manuscript
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