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Abstract

Background: Subanesthetic ketamine infusions can elicit rapid and sustained antidepressant effects, yet the potential
cognitive impact of ketamine has not been thoroughly examined. This study measured changes in objective and subjective
cognitive function following repeated ketamine treatment.

Methods: Thirty-eight patients with treatment-resistant depression were administered cognitive assessments before and
after undergoing 7 i.v. ketamine infusions (0.5 mg/kg over 40 minutes) within a clinical trial examining the efficacy of single
and repeated administrations. Depression severity and perceived concentration were evaluated with the Montgomery-Asberg
Depression Rating Scale (MADRS) and the Quick Inventory of Depressive Symptoms Self-Report.

Results: Twenty-three participants (60.5%) responded after repeated infusions (>50% decrease in MADRS total scores).
We measured significant improvements in several cognitive domains, including attention, working memory, verbal, and
visuospatial memory (effect sizes ranging from Cohen d=0.37-0.79). Cognitive changes were attributed to reduction in
depressive symptoms except for improvement in verbal memory, which remained significant after adjustment for change in
MADRS total score (P=.029, 1 ?=0.13). Only responders reported improvement in subjective cognitive function with repeated
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ketamine administration (MADRS item 6, P<.001, d=2.00; Quick Inventory of Depressive Symptoms Self-Report item 10,

P<.001, d=1.36).

Conclusion: A short course of repeated ketamine infusions did not impair neurocognitive function in patients with treatment-
resistant depression. Further research is required to understand the potential mediating role of response and remission
on improved cognitive function accompanying ketamine treatment as well as to examine longer-term safety outcomes.

ClinicalTrials.gov identifier NCT01945047

Keywords: Treatment-resistant depression, major depressive disorder, intravenous ketamine, neurocognitive function

Significance Statement

Recent evidence has shown that subanesthetic dose ketamine has rapid antidepressant effects in patients with treatment-
resistant depression. In this study, we tested objective and subjective cognitive function in a sample of patients before and after
they were administered a short course of repeated ketamine infusions within a clinical trial. The cognitive domains examined
included processing speed, attention, executive function, and memory (working, verbal, visuospatial, and autobiographical). Our
results showed lack of negative cognitive side effects following repeated ketamine treatment adding to the growing body of evi-
dence supporting the safety of this treatment strategy in terms of short-term cognitive outcomes. Measured improvements in
objective cognitive scores following ketamine were largely associated with changes in depressive symptoms. Only patients who
responded with treatment perceived an improvement in their concentration and decision-making. Further research is needed to
explore longer-term outcomes with prolonged ketamine treatment.

Introduction

Major depressive disorder (MDD) is one of the leading causes of
disability, with over 264 million people affected worldwide (World
Health Organization, 2020). Cognitive impairment is considered
a core symptom of MDD (Rock et al., 2014), with approximately
40% of patients having deficits in at least 1 cognitive domain
(Bortolato et al., 2014). Moreover, cognitive symptoms have been
suggested to mediate functional impairment in depression and
further increase disease burden (McIntyre et al., 2013). Despite
the prevalence and persistence of cognitive deficits in MDD, cur-
rent treatments largely target affective symptoms, thus leaving
cognitive symptoms unaddressed (Zuckerman et al., 2018).
Approximately 30% of patients with MDD do not adequately
respond to existing monoaminergic-modulating medications
(Rush et al., 2006; Trivedi et al., 2006). While electroconvulsive
therapy (ECT) remains one of the most effective treatments for
resistant major depressive episodes (Milev et al., 2016), side ef-
fects, including the potential for neurocognitive deficits, limit
its use. For patients with treatment-resistant depression (TRD),
often defined as failure to respond to at least 2 mechanistically
distinct medications for depression administered at adequate
dose and duration (Gaynes et al., 2020), there is a clear and
continued need for alternative treatment strategies (Rosenblat
etal, 2015).

Ketamine, a primarily glutamatergic N-methyl-D-aspartate
receptor antagonist, is an emerging treatment strategy for TRD
(Walsh et al., 2022). Ketamine elicits more rapid antidepressant
effects compared with traditional pharmacological strategies
for depression, with higher response and remission rates (Kryst
et al.,, 2020). The antidepressant effects of single subanesthetic
doses of i.v. racemic ketamine are transient, however, appearing
within 40-60 minutes of administration, peaking at 24 hours
post administration, and dissipating after approximately 1 week
(Kishimoto et al., 2016). Repeated ketamine administrations
have been found to not only sustain the antidepressant effects
of ketamine (Murrough et al.,, 2013a) but also to increase re-
sponse rates in patients with TRD (Shiroma et al., 2014; Phillips
etal.,, 2019).

Despite the increased use of serial ketamine infusions as a
treatment strategy for depression, there remain concerns about

its safety with repeated dosing (Sanacora et al., 2017; Short et al.,
2018). Safety concerns around repeated ketamine administra-
tion largely stem from reports of adverse health effects in recre-
ational ketamine users who commonly take much higher doses
than those used to treat depression (Sassano-Higgins et al.,
2016). Such findings include an association between frequent
recreational ketamine use and cognitive impairment (Morgan
et al, 2010; Morgan and Curran, 2012). Moreover, evidence
from preclinical studies suggests dose-dependent impairment
of learning and memory function with ketamine according to
its differential regulation of brain-derived neurotrophic factor
levels at anesthetic vs subanesthetic doses (Wu et al., 2020).
Although ketamine is administered at low, subanesthetic doses
to treat depression with less risk of neurotoxic effects associated
with higher doses, it is essential to examine any potential for
cognitive impairment with repeated and/or prolonged exposure.

Following an early report of selective impairment in verbal
memory recall immediately following single ketamine infusions
in patients with TRD (Murrough et al., 2013b), recent reviews
report no short-term neurocognitive impairments following
ketamine infusions for depression (Crisanti et al., 2020; Gill
et al,, 2021; Souza-Marques et al., 2021; Vaccarino et al., 2022).
Indeed, the results of several recent studies suggest potential
pro-cognitive effects associated with single (Murrough et al.,
2015; Chen et al., 2018; Keilp et al., 2021) and repeated ketamine
infusions (Shiroma et al., 2014, 2020; Zhou et al., 2018; Liu et al.,
2019; Zheng et al., 2019; Basso et al., 2020). Despite these find-
ings there remain inconsistencies in currently available data re-
garding ketamine’s effects on specific cognitive domains, and
further research on the impact of ketamine on cognition in the
context of repeated infusions is warranted (Vaccarino et al.,
2022). Finally, recent evidence suggests that subjective cogni-
tive impairment (perceived diminished ability to think, concen-
trate, or make decisions) is more closely related with symptom
severity, remission status, and social and occupational func-
tioning than objective cognitive measures (Potvin et al, 2016;
Sawada et al., 2019). Accordingly, it is not known whether (1)
patient perception of changes (i.e., subjective improvement) in
cognitive function associated with ketamine treatment is also
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related to changes in objective measures and (2) subjective
measures of cognition vary in accordance with antidepressant
response status.

In this study, neurocognitive function in the domains of
processing speed, attention, executive function, and memory
(working, verbal, visuospatial, and autobiographical) were as-
sessed in participants undergoing a clinical trial of repeated
subanesthetic ketamine infusions alongside measurement of
depressive symptoms. The aims of this study were to (1) assess
changes in objective neurocognitive performance following re-
peated ketamine infusions; (2) assess changes in clinical ratings
and subjective neurocognitive function in accordance with
antidepressant response status; and (3) examine the relation-
ship between changes in objective and subjective measures of
cognitive function with repeated ketamine treatment. We hy-
pothesized that there would be no short-term adverse effects on
cognition with repeated ketamine treatment and that improve-
ments in objective and subjective measures of cognition would
accompany reductions in symptom severity.

METHODS

Study Design

Neurocognitive function was assessed as part of a 3-phase single-
center clinical trial examining the effects of single, repeated,
and maintenance i.v. ketamine infusions for TRD. The trial was
conducted at the University of Ottawa Institute of Mental Health
Research at the Royal Ottawa Mental Health Centre in Ottawa,
Canada (ClinicalTrials.gov identifier NCT01945047). Primary
clinical outcomes of the trial were previously reported (Phillips
et al,, 2019). Cognitive assessments were conducted twice: Time
1: prior to treatment initiation in the trial, before Phase 1, a ran-
domized, double-blind, crossover comparison of single infu-
sions of ketamine and midazolam, and Time 2: within 1 week
of completing a course of 6 thrice-weekly open label repeated
ketamine infusions (post Phase 2) (see Figure 1). Phase 1 infu-
sions occurred at least 7 days apart, and participants were re-
quired to have a relapse of depressive symptoms (return to 80%
of their baseline Montgomery Asberg Depression Rating Scale
[MADRS] scores) to receive the second infusion. The same cri-
teria (i.e., return to 80% of the baseline MADRS score) were used
to determine participant progression to Phase 2. These trial
requirements resulted in variation in the number of days be-
tween cognitive assessments, yet all participants underwent
the second cognitive assessment within 1 week of completing

the short course of open-label repeated infusions and after re-
ceiving a total of 7 ketamine infusions. The primary outcome
measure for the clinical trial was change in depressive symptom
severity assessed with the clinician-administered MADRS
(Montgomery and Asberg, 1979) using the structured inter-
view guide (SIGMA) to increase test-retest reliability (Williams
et al., 2008). Antidepressant response to repeated infusions was
defined as >50% decrease in MADRS total scores from Time 1
(pretreatment) to Time 2 (postrepeated infusions). Self-reported
depressive symptoms were assessed using the 16-item Quick
Inventory of Depressive Symptoms Self Report (QIDS-SR; Rush
et al., 2003).

16’

Drug Administration

Detailed drug administration methodology, safety, and tol-
erability data appear in Phillips et al., 2019. Briefly, ketamine
hydrochloride (Ketalar, ERFA Canada Inc., Montreal, QC, Canada;
0.5 mg/kg, diluted in 0.9% saline) was administered throughout
Phases 1 and 2, and midazolam (30 pg/kg diluted in 0.9% saline)
was administered once during Phase 1 as an active control for
ketamine (Murrough et al., 2013a). Medications were admin-
istered by i.v. pump over 40 minutes by a study physician and
research nurse in an outpatient setting. Ketamine was admin-
istered as an adjunctive treatment; participants remained on
stable doses of concomitant psychotropic medication with no
changes to treatment regimen for at least 6 weeks prior to trial
initiation and throughout the clinical trial.

Participants

Male and female outpatients with TRD (age range, 18-65 years)
were recruited into the ketamine trial from physician refer-
rals and advertisements between January 2013 and December
2017. Participants were required to meet DSM-IV-TR criteria for
MDD (American Psychiatric Association, 2000) confirmed by
the Mini-International Neuropsychiatric Interview (Sheehan
et al.,, 1998). TRD was defined as the failure to respond to at
least 2 antidepressant medications of different pharmacological
classes plus 2 augmentation strategies at adequate dosages for
at least 6 weeks during the current major depressive episode
using the Antidepressant Treatment History Form (Sackeim,
2001). Inclusion criteria required a baseline total score >25 on
the MADRS at screening and randomization. Exclusion criteria
included history of drug abuse or dependence as defined by
DSM-IV-TR criteria or by positive urine toxicology screen; body
mass index >35; history of mania, hypomania, or psychosis; and

Cognitive Phase 1 Phase 2 Cognitive
Ass?ssment Randomized, double-blind Thrice-weekly open label Ass?ssment
Time 1 crossover ketamine infusions Time 2
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Figure 1. Study design. The first cognitive assessment occurred prior to Phase 1, the randomized, double-blind, crossover comparison of single infusions of ketamine
and midazolam. The second cognitive assessment was administered within 1 week of completing a course of 6 thrice-weekly administered open label ketamine infu-

sions in Phase 2.
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unstable medical conditions. The study protocol was approved
by the Research Ethics Board at the Royal Ottawa Mental Health
Centre. All participants provided written informed consent.

Neurocognitive Assessment

All clinical trial participants underwent cognitive assess-
ment. The Mini Mental State Exam (MMSE; Folstein et al.,
1975; Tombaugh and McIntyre, 1992) was used to provide a
baseline estimate of global cognitive function. Administered
neurocognitive tests included Trail Making Test Parts A and B
(TMT-A and TMT-B; Morris et al., 1989; Bowie and Harvey 2006),
Digit Span (Wechsler, 1945; Wechsler, 2008), California Verbal
Learning Test short form, second edition (CVLT-II; Delis et al.,
2000), Rey Complex Figure Test (Meyers and Meyers, 1995), a com-
puterized version of the Stroop Colour and Word Test (Stroop,
1935), and the Columbia Autobiographical Memory Interview-
Short Form (AMI-SF; McElhiney et al., 2001) (Table 1). Each cog-
nitive assessment required approximately 1 hour to complete,
with individual tests administered in a fixed sequence in a quiet
room by 1 of 2 individuals (study authors J.L.P. and L.A.B.). For
the CVLT-II, which includes the presentation of specific words,
an alternate word list/test version was used at the second cogni-
tive assessment to minimize practice effects. Each cognitive test
yielded multiple outcome measures, and raw scores from each
test are reported herein. Change scores (change in raw data in
percentage) were computed for each test and averaged to create
composite objective cognitive scores for each cognitive domain
assessed (Table 1). The composite attention/processing speed
score combined change scores for TMT-A and Stroop congruent
condition. The composite executive function score combined
change scores for TMT-B, Stroop incongruent condition, and
Digit Span backwards. For tests where higher values or faster
speeds represent better cognitive performance, the signs of the
percent change scores were reversed so that positive numbers
represent improvement across all scales.

For the AMI-SF, at Time 1 participants were asked to describe
specific details for 6 different personal past events. At Time
2, the percentage of correctly recalled information about the
events originally described at Time 1 was used to obtain a per-
cent consistency score. Improvement over baseline is not pos-
sible, and a decline in scores over time is expected (Semkovska
and McLoughlin, 2013).

Alongside the validated neurocognitive tests, subjective
measures of cognition were estimated from clinician ratings
and participants’ self-reported concentration difficulties using
MADRS item 6 (concentration difficulties, with ratings ran-
ging from 0 to 6, representing “difficulties in collecting one’s

Table 1. List of Objective Cognitive Tests and Corresponding Cogni-
tive Domains

Cognitive domain Cognitive tests/subtests

Attention and processing speed  Trail making Test-Part A

Stroop congruent condition

Trail making Test-Part B

Stroop incongruent condition

Digit span backwards

Digit span forward

California Verbal Learning
Test- Short form

Rey Complex Figure Test

Autobiographical Memory
Interview-Short form

Executive function
Working memory
Verbal memory

Visuospatial memory
Autobiographical memory

thoughts mounting to incapacitating lack of concentration”)
and QIDS-SR, item 10 (concentration and decision-making,
which ranges from 0 to 3, representing “usual capacity to con-
centrate and make decisions” progressing to inability to “con-
centrate well enough to read” or “make even minor decisions”).
Percent change in MADRS item 6 and QIDS-SR,, item 10 scores
was calculated and averaged to create a composite subjective
cognitive score.

Statistical Analysis

Changes in MADRS total scores and raw neurocognitive assess-
ment scores from Time 1 to Time 2 were compared using paired
t tests. To account for change in depressive symptom severity
with treatment, change in neurocognitive assessment scores
from Time 1 to Time 2 were also compared using repeated-
measures ANCOVA models with change in MADRS total scores
from Time 1 to Time 2 as a covariate. AMI-SF percent consistency
scores were explored using descriptive statistics. Exploratory
correlation analyses were conducted to test for relationships
between elapsed time between cognitive assessments and
change in individual cognitive test scores, and between baseline
neurocognitive test scores and change in MADRS total scores.
The relationship between clinician-rated (MADRS item 6) and
participant self-report concentration scores (QIDS-SR,, item
10) at Time 1 was tested using a Pearson correlation. Changes
in MADRS item 6 and QIDS-SR,, item 10 scores from Time 1 to
Time 2 were tested using repeated-measures ANCOVAs with
antidepressant response status as a between-participant factor.
Relationships between percent improvement in composite ob-
jective cognitive domain scores and composite subjective con-
centration scores were tested using Pearson’s correlations.
Effect sizes were estimated using Cohen d for paired t tests and
partial eta squared (n,’) for ANCOVAs. Results were considered
significant at P<.05. Data were analyzed using SPSS software
(IBM SPSS Statistics; v27).

RESULTS

Demographic and Clinical Characteristics

Forty-three participants were randomized and received atleast 1
infusion in the clinical trial (Phillips et al., 2019). Neurocognitive
data were incomplete or missing for 5 participants due to study
withdrawal (n=4) or inability to complete cognitive battery due
to severe depressive symptoms (n=1). Therefore, 38 participants
completed repeated ketamine treatment and both cognitive as-
sessments and were included in this analysis. Participant base-
line demographic and clinical characteristics are summarized
in Table 2.

Mean (+SD) MADRS total score at Time 1 was 34.7 (+3.9), cor-
responding to moderate-severe depression (Snaith et al., 1986)
(range, 27-41). At Time 2 (following repeated open label keta-
mine infusions), the mean (+SD) MADRS total score was 18.3
(£11.1), corresponding to mild depression (Snaith et al., 1986)
(range, 0-44). The 16.4-point decrease in mean MADRS total
score with repeated ketamine infusions was statistically signifi-
cant (t,,=6.05, P<.001, d=4.51), and 23 participants (60.5) were
responders at Time 2 (Figure 2A).

Objective Cognitive Function

Prior to treatment initiation, no participants displayed global
cognitive impairment according to MMSE scores. Participants
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Table 2. Demographic and Clinical Characteristics of the Study Sam-
ple at Baseline

Total sample (n=38)

12.5)
17)/ 55 (21)
4.4)
20)/ 47 (18)

Age, y (meanz SD) 41 4
Sex, males/females, % (n)

BMI, kg/m? (meanz SD) 26 4
MDEs, single/recurrent, % (n)

(
45 (
(
53
Duration of current MDE, y (meanz+ SD) 8(
3(
9(
(
(

5.9)
Failed antidepressant trials (mean=+SD)? 1.7)
Failed augmentation strategies (mean+SD)* 1.3)
MADRS total score (mean +SD) 34 7 (3.9)
QIDS-SR,, total score (mean=+SD) 17.8 (4.3)
Current comorbid diagnoses®
Generalized anxiety disorder, % (n) 26 (10)
Agoraphobia, % (n) 24 (9)
Social phobia, % (n) 24 (9)
Panic disorder, % (n) 8(3)
Obsessive compulsive disorder, % (n) 3(1)
Alcohol dependence, % (n) 3(1)
Bulimia nervosa, % (n) 3(1)

Abbreviations: BMI, body mass index; MADRS, Montgomery Asberg Depressive
Rating Scale; MDE, major depressive episode; QIDS-SR,,, 16 item Quick Inventory
of Depressive Symptomatology Self-Report.

“Data represent the number of failed antidepressant trials and augmentations
during the current major depressive episode according to the Antidepressant
Treatment History Form.

"Assessed with the Mini-International Neuropsychiatric Interview.

167

had a mean (+SD) MMSE score at Time 1 of 29.0 (+1.1), with in-
dividual scores ranging from 26 to 30, all above the accepted
cutoff of 24, suggesting general cognitive impairment (Lezak
et al., 2004). The average time between cognitive assessments
was 58.9+12.5 days (range, 39-94 days).

Raw mean (+SD) neurocognitive test scores at Time 1 and
Time 2 appear in Table 3. For several cognitive tests, scores im-
proved from Time 1 to Time 2, with significant differences gener-
ally characterized by small to medium effect sizes (d=0.37-0.79).
Significant improvements were detected in Digit Span forward
(P=.001), CVLT-1I short (P=.026) and long delay (P=.031) free re-
call tests, Stroop congruent condition (P=.001), Rey Complex
Figure Test intermediate (P<.001) and delay (P<.001) recall trials,
and recognition (P=.026). For all but 1 cognitive test showing
posttreatment improvement, changes in cognitive scores fol-
lowing treatment were no longer statistically significant when
controlled for change in MADRS total scores over the same time
period (Table 3). The exception was for CVLT-II long-delay free
recall, where on average, participants recalled more words at
Time 2 than Time 1, even when adjusted for change in depres-
sive symptoms (F, ,;=5.18, P=.029, n ?=0.13). Tests that showed
no significant change over time mcluded TMT-A and TMT-B,
Digit Span backward and sequencing, CVLT-II immediate, cued
recall, and recognition trials, Stroop incongruent condition,
Stroop errors, and Rey Complex Figure Test copy trial.

Exploratory analyses examining the potential impact of as-
sessment interval on change in cognitive test performance re-
vealed a significant negative Pearson correlation between time
interval and only 1 administered cognitive test; greater im-
provement in TMT-B scores was associated with less elapsed
time between assessments (r=-0.35, P=.033). Importantly how-
ever, the change in TMT-B scores from Time 1 to Time 2 was
nonsignificant. Correlation analyses revealed no significant
associations between baseline neurocognitive test scores and
change in MADRS total scores (all P>.05).

Retrograde autobiographical memory consistency was
measured using the AMI-SF. The 37 participants with complete
AMI-SF data had a mean (+SD) AMI-SF percent consistency score
of 86.0% (+11.3%) from Time 1 to Time 2 (median, 89.7%; range,
50%-100%).

Subjective Cognitive Function

At Time 1 prior to treatment initiation, participants had a mean
(+SD) MADRS item 6 score of 3.8 (+0.7), approaching the anchor
point score of 4, “difficulties in concentrating and sustaining
thought which reduces ability to read or hold a conversation.”
The Time 1 mean (+SD) QIDS-SR,, item 10 score was 2.0 (+0.7),
corresponding to “most of the time, I struggle to focus my at-
tention or to make decisions.” There was a significant positive
correlation between MADRS and QIDS-SR,, concentration items
at Time 1 (r=0.58, P<.001).

Overall, a repeated-measures ANCOVA revealed that MADRS
item 6 scores significantly decreased from Time 1 to Time 2
(main effect of time, F . =45.57, P<.001, n ’=0.56). There was a
significant main effect of response status (F,;=14.35, P=.001,

=0.29) with lower mean MADRS item 6 scores in responders
across time and a significant time by response status inter-
action (F,,=30.23, P<.001, 0 *=0.46). Posthoc tests revealed a
significant decrease in MADRS item 6 scores among ketamine
responders only (t22=9.61, P<.001, d=2.01) (Figure 2B). Similarly,
participant scores on the QIDS-SR, item 10 significantly de-
creased from Time 1 to Time 2 (F(1y34)=12.42, P=.001, np2=0.27),
with a significant main effect of response status (F,,,=9.49,
P=.004,n,7=0.22) and a signiﬁcant time by response status inter-
action (F 134_23 77, P<.001, n,?=0.41). On the QIDS-SR,, item 10,
self—reported concentration and decision-making significantly
improved in ketamine responders only (t,,=6.50, P<.001, d=1.36)
(Figure 2C).

Relationship Between Objective and Subjective
Measures of Cognition

Composite objective cognitive scores (percent improvement in
objective cognitive performance in specific cognitive domains
from Time 1 to Time 2) were not significantly correlated with
composite subjective concentration scores. Nonsignificant cor-
relations were found for composite attention/processing speed
scores (r=0.20, P=.239), composite executive function scores
(r=0.11, P=.513), and for working, verbal, and visuospatial
memory domains (all P > .05).

Discussion

This clinical trial demonstrated the rapid and sustained
antidepressant effects of ketamine in a sample of patients
with TRD (Phillips et al., 2019). In accordance with previous
studies, our findings reveal that a short course of repeated
open label ketamine infusions did not negatively impact ob-
jective neurocognitive function. Indeed, our findings sug-
gest that ketamine may have pro-cognitive effects on verbal
memory that are not accounted for by improvement in de-
pressive symptoms. This study is among the first to examine
changes in objective and subjective cognitive function in
association with ketamine response. Findings of improved
subjective cognitive function among ketamine responders
only suggest the potential of ketamine treatment to improve
perceived cognitive outcomes alongside other depressive
symptoms.
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Figure 2. Mean (¢standard error) change in rating scale scores before and after
repeated ketamine infusions. (A) Montgomery Asberg Depression Rating Scale
(MADRS) total scores, (B) MADRS item 6 concentration scores, and (C) Quick In-
ventory of Depressive Symptoms Self-Report (QIDS-SR,,) item 10 concentration
and decision making scores (QIDS-SR  item 10 scores missing for 2 participants).

Subanesthetic doses of i.v. ketamine show promising re-
sults as a rapid antidepressant strategy for TRD, yet clinical
consensus recommends assessment of cognitive function with
prolonged administration (Sanacora et al., 2017). Thus far, sev-
eral papers have reported an overall lack of negative cognitive

side effects associated with single or short-term repeated keta-
mine administration for depression (reviewed in Crisanti et al.,
2020; Gill et al., 2021; Souza-Marques et al., 2021; Vaccarino et al.,
2022); nevertheless, studies examining cognitive function with
repeated ketamine administration warrant further replication.
In our study, following a total of 7 ketamine infusions, parti-
cipants demonstrated no negative neurocognitive effects. We
report small to medium effect sizes for improvement in sev-
eral neurocognitive domains, including attention (Stroop con-
gruent condition), working memory (Digit Span forward), verbal
memory (CVLT-II short and long delay recall), and visuospatial
memory (Rey Complex Figure Test immediate and delay recall,
and recognition). To date, previous studies have reported cog-
nitive improvement following repeated ketamine infusions in
the domains of attention and executive function (Basso et al.,
2020), processing speed (Zhou et al., 2018; Liu et al., 2019; Zheng
et al., 2019; Shiroma et al., 2020), working memory (Shiroma
et al.,, 2014, 2020), visual memory (Shiroma et al., 2014, 2020;
Basso et al., 2020), and verbal memory (Zhou et al., 2018; Zheng
et al.,, 2019). Despite these replicated findings of post-ketamine
improvements in specific cognitive domains, there remain in-
consistencies in the literature that may be due to the use of
different test batteries, analysis strategies, and varied patient
populations (MDD, TRD, bipolar depression). Regardless, our
data add to the evidence suggesting no overall worsening of
cognitive test performance and potential pro-cognitive effects
of ketamine with repeated treatment, albeit the possibility of
practice effects cannot be discounted.

The mechanisms underlying the potential pro-cognitive ef-
fects of ketamine are hypothesized to result from its effects on
neuroplasticity (Price and Duman, 2020). Subanesthetic keta-
mine doses have been shown to rapidly activate the mammalian
target of rapamycin signaling pathway and increase synthesis of
medial prefrontal cortex and hippocampal brain-derived neuro-
trophic factor and tropomyosin-related kinase B (Li et al., 2010;
Autry et al,, 2011; Duman et al., 2016). Importantly, cortical and
hippocampal synaptic plasticity and synaptogenesis, thought to
contribute to the antidepressant effects of ketamine (Li et al.,
2010; Moda-Sava et al.,, 2019; Deyama and Duman, 2020), play
a critical role in learning and memory (Lu et al., 2014). Further
research is necessary to understand measured improvements in
cognitive performance observed with ketamine treatment and
its potential underlying mechanisms, while consideration must
be paid to the role of improved depressive symptoms and prac-
tice effects on changes in cognitive scores especially in open
label studies.

In our study, for all but 1 cognitive test that demonstrated
significant improvement in scores from Time 1 to Time 2, when
models were adjusted for change in depressive symptom se-
verity, pre- and posttreatment scores no longer significantly
differed. This suggests that our findings of improved cognitive
performance in attention, working memory, and visuospatial
memory following repeated ketamine treatment may be at-
tributed at least in part to reduction in depressive symptoms,
as has been previously reported for various cognitive domains
(Shiroma et al., 2014; Zhou et al., 2018). In contrast, improve-
ment in verbal memory performance (CVLT-II delayed recall
scores) following repeated ketamine treatment remained sig-
nificant when adjusted for change in depressive symptoms.
This finding is consistent with several previous reports of im-
proved verbal learning/memory performance following single
and repeated ketamine infusions independent of depressive
symptom improvement (Murrough et al., 2015; Zhou et al., 2018;
Liu et al.,, 2019; Zheng et al., 2019). However, there have also been
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Table 3. Change in Objective Cognitive Test Scores With Repeated Ketamine Infusions

Time 1 score Time 2 score

ANOVA controlling for change

Cognitive test (mean=+SD) (mean+SD) Paired t test in depressive symptoms
TMT-A 23.1(9.7) 21.6 (11.7) t,,=1.65,P=.107,d=0.27 F,,;.0.002, P=.965,7 % 0.00
TMT-B 61.0 (52.3) 56.1 (49.0) t,,=0.59,P=.559,d=0.10 F5.1.11,P=.299, npz:0.0S
DS forward 10 1(2.2) 10.9 (2.3) t,,=3.75,P=.001,d=0.61 F 5.0.95, P=.336, np2:0.03
DS backward 3(2.5) 9.4 (2.2) t,,=0.39, P=.697, d=0.06 F,,.0.72,P=.401,7 2 0.02
DS sequencing 10 0(2.0) 10.4 (2.2) t,,=1.82,P=.077,d=0.30 F,,. 268 P=.111, 1,2.0.07
CVLT-II immediate 30 0 (4.0) 30.9 (4.2) t,,=1.78,P=.084,d=0.29 F s.1.52, P=.226, np2:0.04
CVLT-II short delay 1(1.2) 8.4 (0.86) t,,=2.32,P=.026,d=0.38 F s.3-87,P=.057,1,7_0.10
CVLT-1I long delay 9(1.3) 8.2(1.2) t,,=2.25,P=.031,d=0.37 F ..>-18, P=.029, np2:0.13
CVLT-II cued recall .0 (1.1) 8.1(1.1) t,,=0.78,P=.440,d=0.13 F s.1.14, P=.293, np2:0.03
CVLT-II recognition .9 (0.4) 8.8 (0.4) t,,=1.00,P=.324,d=0.16 F - 1.27,P=.267,7,7_0.03
Stroop congruent® 0(0.5) 0.8 (0.26) t,.=3.46,P=.001,d=0.57 F,, 178,P=.190, 1,2.0.05
Stroop incongruent® .2(0.5) 1.0 (0.6) t,,=1.79,P=.083,d=0.29 F ;.0.17,P=.684,7,°_0.01
Stroop errors® .5(6.5) 2.0 (5.1) t,,=0.34,P=.737,d=0.06 F ;.1.23,P=.275,7 2 0.03
RCFT copy 33 5(2.2) 33.4 (2.7) t,,=0.16, P=.876,d=0.03 F,, :0.71, P=.405,7,2_0.02
RCFT intermediate 19.1 (6.9) 23.3(7.0) t,,=4.90,P<.001,d=0.79 F =152, P=.226, np2=0.04
RCFT Delay 19.1 (6.6) 22.9(7.2) t,,=4.80,P<.001,d=0.78 156,091, P=.346,7 2.0.03
RCFT Recognition 20.7 (1.8) 21.3 (2.0) t,,=2.33,P=.026,d=0.38 F,4.0.85,P=.362, npz:0.0Z

Abbreviations: CVLT-II, California Verbal Learning Test, short form; DS, Digit Span; RCFT, Rey Complex Figure Test; TMT-A, Trail Making Test Part A; TMT-B, Trail Making

Test Part B.
aStroop data missing for 1 participant.

contradictory findings with reports of impaired verbal memory
delayed recall after single (Murrough et al., 2013b) and repeated
infusions (Basso et al., 2020) independent of change in clin-
ical symptom findings. More definitive assessment of the ob-
served changes in cognition with i.v. ketamine and the potential
mediating or moderating roles of co-occurring improvements
in depressive symptoms requires randomized controlled trials
with cognition as the primary outcome measure, large sample
sizes, and the use of standardized neurocognitive batteries
(Vaccarino et al., 2022).

Autobiographical memory deficit is commonly assessed in
ECT trials as it has been identified as a critical adverse side ef-
fect of ECT (Fraser et al., 2008). To our knowledge, only 1 pre-
vious study has examined the potential impact of repeated
ketamine infusions on autobiographical memory (Diamond
et al.,, 2014). Although the AMI-SF is difficult to interpret in the
absence of a comparison group, the median consistency score
of 89.7% obtained in the present study compares favorably with
median scores reported by Diamond et al. (2014) following 3 or
6 ketamine infusions (92 and 94%, respectively). Further, mean
post-ECT AMI-SF percentage consistency scores reported in the
literature have generally been lower than those obtained in the
present study (approximately 72%; Kessler et al., 2014; Napierala
et al,, 2019). Further research is necessary to confirm lack of
autobiographical memory deficit following short-term repeated
ketamine infusions. Ongoing randomized clinical trials that dir-
ectly compare the effects of ketamine and ECT across multiple
cognitive domains will better inform whether ketamine has a
more favorable cognitive profile relative to ECT (Mathew et al.,
2019; Phillips et al., 2020).

Although several studies have examined objective
neurocognitive function in patients undergoing ketamine treat-
ment for depression, to date, few have specifically reported on
changes in subjective or perceived cognitive function (Chen
et al., 2021; McIntyre et al., 2021). Subjective cognitive impair-
ment has been suggested to be more closely associated with
functional disability than objective impairments (Potvin et al
2016), underscoring the importance of exploring perceived

cognitive changes with treatment. In the present study, fol-
lowing repeated ketamine infusions there was an improvement
in mean concentration scores using both clinician-administered
(MADRS) and self-report (QIDS-SR,,) scale items. Only partici-
pants who responded to ketamine reported significant improve-
ments in concentration. These findings reveal a link between
improved perceived concentration and improvement in other
depressive symptoms following repeated ketamine infusions
consistent with previous studies (McIntyre et al.,, 2021). Of
course, reporting bias is possible as participants were unblinded
to treatment and their own symptom recovery in the trial.

There was no correlation between changes in composite
objective cognitive domain scores and subjective cognitive
scores. This is consistent with previous reports of discrepan-
cies between measures of objective and subjective cognition
in depression (Srisurapanont et al., 2017; Petersen et al., 2019;
Serra-Blasco et al., 2019) and in clinical trials assessing the cog-
nitive effects of medications for depression (Mahableshwarkar
et al.,, 2015). Srisurapanont et al. (2017) reported that age and
education predict objective cognition function, whereas depres-
sion severity and treatment better predict subjective cognitive
deficits. Persistence of cognitive impairment following remis-
sion of other symptoms (Bortolato et al., 2014) further supports
the disconnect between objectively measured vs subjective
cognitive function. Consequently, although objective meas-
urement of cognition may be less biased (Schwert et al., 2018),
the strong association between subjective cognitive deficit and
functional recovery highlights the importance of assessing both
outcomes while patients undergo novel treatment strategies for
depression.

This study examined longitudinal changes in objective and
subjective cognitive function as patients with TRD underwent
a short course of repeated ketamine infusions within a rigor-
ously conducted clinical trial. Strengths of the study include
the homogenous and clinically well-defined patient sample,
the low dropout rate, the use of validated neurocognitive tests
assessing multiple domains of cognition, and the reporting of
subjective cognitive ratings considered in relation to treatment
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response. Despite these strengths, this study has certain limi-
tations that merit discussion. First, the sample was relatively
small. Larger samples would allow for meaningful examin-
ation of the potential effects of sex, gender, and age on cogni-
tive measures. There was no control group, and we lacked data
on participant education level precluding comparison of lon-
gitudinal changes in participant cognitive function to norma-
tive data or to account for potential practice effects. Ketamine
was administered as an adjunctive treatment, and partici-
pants maintained their concomitant medications (although no
medication changes were permitted from 6 weeks preceding
randomization and throughout the trial). Repeated ketamine
infusions were administered open label without a control con-
dition. The clinical trial was designed to evaluate the efficacy of
the antidepressant effects of single and repeated ketamine in-
fusions. Cognitive function was a secondary outcome, and thus
the timing of cognitive assessments was not standardized. For
example, study design-related limitations include the admin-
istration of a single midazolam infusion in the double-blind
crossover phase and the requirement for depressive symptom
relapse following the first single ketamine infusion prior to
receiving repeated infusions; this later condition resulted in
between-participant variation in the time between cognitive
assessments. Despite these limitations, the methodology re-
mained consistent for all participants, with cognitive assess-
ments administered prior to receipt of any treatment in the
randomized phase and within 1 week of completing the course
of open label repeated infusions. Further, exploratory ana-
lyses revealed little to no evidence of an effect of differences in
elapsed time between assessments on cognitive test perform-
ance. Another limitation was estimation of subjective cognitive
function using single items from clinical scales (MADRS item 6
and QIDS-SR,, item 10). Future studies would benefit from the
use of a full scale designed and validated for the assessment
of subjective cognitive function such as the Perceived Deficits
Questionnaire for Depression (Lam et al., 2018). Approximately
one-quarter of the sample had comorbid anxiety disorder
diagnoses, yet we did not control for anxiety symptoms in our
analyses. While few studies have examined the independent
impact of anxiety symptoms on cognitive function, previous
studies have reported no differences in cognitive perform-
ance in MDD patients with and without comorbid anxiety
(Lyche et al., 2010; Jin et al., 2020). Finally, longer treatment
and follow-up periods would better identify any potential
longer-term cognitive side effects or benefits associated with
subanesthetic ketamine infusions for depression.

In summary, a short course of repeated subanesthetic dose
ketamine infusions did not impair objective neurocognitive out-
comes in patients with TRD. Together with findings of perceived
improvement in concentration among ketamine responders,
our findings support the continued investigation into possible
cognitive benefits of ketamine for TRD. Further research is re-
quired to understand the potential mediating role of improved
depressive symptoms on measured changes in cognitive func-
tion accompanying ketamine treatment as well as to examine
longer-term safety outcomes.
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