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ABSTRACT
Objective: The present study examined the efficacy, safety, and 
durability of repeated ketamine infusions for the treatment of comorbid 
posttraumatic stress disorder (PTSD) and treatment-resistant depression 
(TRD) in a sample of veterans.

Methods: Individuals with comorbid DSM-5–defined PTSD and DSM-
IV–defined major depressive disorder (N = 15) received 6 intravenous 
ketamine infusions (0.5 mg/kg) on a Monday-Wednesday-Friday schedule 
over a 12-day period from May 2015 to June 2016. Data from outcome 
measures were collected before and 24 hours after each infusion and 
weekly for 8 weeks following the final infusion.

Results: Continuous measures of symptom change were significant for 
both disorders and were associated with large effect sizes (mean decrease 
in PTSD Checklist for DSM-5 score = 33.3 points [95% CI, 23.0–43.5 points], 
P < .0005, sample size–adjusted Cohen d [d′] = 2.17; mean decrease in 
Montgomery-Asberg Depression Rating Scale score = 26.6 points [95% 
CI, 23.0–30.2 points], P < .0005, d′ = 4.64). The remission rate for PTSD was 
80.0%, and the response rate for TRD was 93.3%. Participants in remission 
from PTSD after the infusion series (n = 12) had a median time to relapse 
of 41 days. Similarly, participants whose depression symptoms responded 
to the infusion series (n = 14) had a median time to relapse of 20 days. 
Repeated ketamine infusions were associated with transient increases 
in dissociative symptoms. No participant reported worsening of PTSD 
symptoms over the study duration.

Conclusions: This study, the first open-label study of repeated ketamine 
infusions in a comorbid population, found rapid and sustained 
improvement in PTSD and depression symptoms. This report suggests 
that repeated ketamine treatments are safe and may represent an 
efficacious treatment for individuals with comorbid PTSD and TRD.
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Trauma has a variety of psychiatric sequelae, 
often including multiple comorbid psychiatric 

diagnoses. Major depressive disorder (MDD) co-occurs 
in a majority of individuals with posttraumatic stress 
disorder (PTSD), and the co-occurrence of these 
disorders is associated with a more severe clinical 
presentation compared to either disorder alone.1–5 
Individuals with comorbid PTSD and MDD have 
worse functional impairment6,7 and increased risk 
for suicide8–10 compared to individuals with only 
one of these disorders. Further, the presence of 
either disorder diminishes treatment efficacy for the 
other and increases risk for treatment resistance.10–12 
Overall, the co-occurrence of PTSD and MDD appears 
to be an indicator of a more severe response to trauma 
exposure.13 The high rates of comorbidity between 
PTSD and MDD have thus led to the suggestion that 
their co-occurrence may be better conceptualized as a 
general traumatic stress construct.4,14,15

Antidepressant agents, such as serotonin 
reuptake inhibitors, are recommended as first-line 
pharmacologic agents for the treatment of PTSD and 
MDD.16,17 However, these agents have limited efficacy 
in establishing remission for either disorder in a 
substantial proportion of individuals. Data from the 
largest and longest clinical trial for the treatment of 
MDD, the Sequenced Treatment Alternatives to Relieve 
Depression (STAR*D) trial,18 demonstrated that 
only 36.8% of individuals remitted from MDD after 
treatment with a first-line antidepressant medication. 
Similarly, antidepressant pharmacotherapy for PTSD is 
associated with high rates of residual PTSD symptoms, 
even among individuals who respond to these 
agents.19–21 This literature attests to the inadequacy 
of standard antidepressant pharmacotherapy as a 
treatment for many individuals with a diagnosis of 
PTSD or MDD, let alone for individuals with the more 
complex and severe comorbid presentation.

As a consequence of the shortcomings of traditional 
antidepressants, there has been growing interest in 
the rapid antidepressant effects of ketamine—an 
N-methyl-d-aspartate (NMDA) glutamate receptor 
antagonist.22–24 Six randomized clinical trials22–29 
of single-dose ketamine have been conducted in 



Yo
u 

ar
e 

pr
oh

ib
it

ed
 fr

om
 m

ak
in

g 
th

is
 P

D
F 

pu
bl

ic
ly

 a
va

ila
bl

e.

For reprints or permissions, contact permissions@psychiatrist.com. ♦ © 2018 Copyright Physicians Postgraduate Press, Inc.

It is illegal to post this copyrighted PDF on any website.

e2     J Clin Psychiatry 79:3, May/June 2018

Albott et al 

individuals who failed to respond to multiple antidepressant 
treatments, a subgroup described as having treatment-
resistant depression (TRD). These trials demonstrated 
consistent patterns in treatment trajectories, including 
a rapid antidepressant response that peaks 24 hours after 
ketamine administration and subsequently declines over the 
following 7 to 14 days.22–29 Single-dose studies30 of ketamine 
have demonstrated that acute stress symptoms do not worsen 
in subjects with PTSD and a history of trauma. A recent 
double-blind placebo-controlled trial31 of a single dose of 
ketamine in individuals with chronic PTSD demonstrated 
rapid reduction in PTSD symptoms. Consonant with single-
dose studies of ketamine for depression, improvement in 
PTSD symptoms was transient, with only 24.1% of individuals 
who received ketamine maintaining improvement 14 days 
post-infusion.31

While treatment response is short-lived after single-
dose ketamine infusions, open-label case series32–35 have 
demonstrated repeated ketamine infusions are more 
effective, with a longer period of antidepressant response in 
individuals with TRD. However, no studies have examined 
repeated ketamine infusions for PTSD. It was therefore 
imperative to determine whether a repeated dosing 
regimen would extend the short-lived improvement in 
PTSD symptoms and to examine the efficacy of this dosing 
regimen for treating comorbid PTSD and TRD. On the basis 
of the reported efficacy for PTSD or TRD separately, we 
hypothesized that benefit would accrue in demonstrating 
the efficacy of ketamine for comorbid PTSD and TRD. 
Addressing this premise, we examined (1) the efficacy and 
safety of repeated ketamine infusions (6 infusions over a 
2-week period) for individuals with comorbid PTSD and 
TRD; (2) the time to relapse, following repeated infusions, 
for both PTSD and depressive symptoms; and (3) whether 
the efficacy of repeated infusions for PTSD is limited to 
symptoms that overlap with depressive symptoms (eg, 
negative alterations in cognition and mood) or extends to 
symptoms unique to PTSD (eg, intrusion symptoms).

METHODS

Participants
The study was conducted at the Minneapolis VA Health 

Care System (MVAHCS) from May 2015 to June 2016; it was 
approved by the Institutional Review Board and registered 
at ClinicalTrials.gov (identifier: NCT02577250). Written 

informed consent was obtained from all participants before 
participation. Study participants included male and female 
veterans, aged 18–75 years, with diagnoses of moderate-to-
severea TRD and chronic PTSD. A trained study clinician 
determined PTSD and MDD diagnosis using the Clinician-
Administered PTSD Scale for DSM-5 (CAPS-5)37,38 and 
the Structured Clinical Interview for DSM-IV-TR Axis 
I Disorders, Clinical Trials Version,39 respectively. TRD 
was operationalized as a failure to achieve remissionb 
from a minimum of 2 antidepressant medications in their 
current depressive episode according to the Antidepressant 
Treatment History Form.40 Participants continued on 
stable doses of their current psychotropic medication(s) 
for the study duration. Exclusion criteria included any 
unstable medicalc or nonpsychiatric central nervous system 
condition, moderate-to-severe traumatic brain injury, active 
substance use disorder (per DSM-5 criteria) in the previous 
6 months, lifetime history of DSM-5–defined psychosis or 
bipolar I or II disorder, or active suicidal ideation judged 
to present imminent risk. Women of childbearing potential 
were required to have a negative urine pregnancy test result 
and to remain on a medically accepted contraceptive for the 
study duration.

Procedures
Baseline assessments occurred up to 2 weeks before 

infusion commencement. All infusions occurred on the 
Flexible Acuity Ward at the MVAHCS and were administered 
by an advanced cardiovascular life support–trained study 
physician.d Each participant was confirmed to be nil per 
os (NPO) before infusion commencement. Digital pulse 
oximetry, blood pressure, heart rate, and respiratory rate 
were monitored throughout the infusion and recovery 
period. Participants completed 6 intravenous (IV) infusions 
(0.5 mg/kg ketamine hydrochloride given during 40 minutes) 
on a Monday-Wednesday-Friday schedule during a 12-day 
period. Side effects were recorded before each infusion, 
following infusion completion (40 minutes), and at 100 and 
160 minutes post-infusion. All participants were monitored 
for a minimum of 2 hours post-infusion to ascertain the 
absence of clinically significant side effects.

Measures
The primary outcomes were change in PTSD symptom 

score, assessed with the PTSD Checklist for DSM-5 (PCL-
5),41 and change in depression score, assessed with the 
Montgomery-Asberg Depression Rating Scale (MADRS).42 

aDepression severity was assessed using the 17-item Hamilton Depression 
Rating Scale with all participants required to have a score greater than or 
equal to 14.36
bRemission was defined as elimination of depressive symptoms with 
restoration of premorbid level of functioning.
cAll participants were confirmed to be medically fit to receive ketamine 
by physical examination, review of systems, vital signs, weight, and 
consultation with the study anesthesiologist.
dBecause the doses of ketamine were considered moderate sedation, our 
institution did not require infusions to be administered by a clinician 
trained in conscious sedation, although the study anesthesiologist was 
available for consultation throughout the infusion and monitoring period.
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 ■ Although comorbid posttraumatic stress disorder (PTSD) 
and major depressive disorder (MDD) commonly co-
occur and represent a sizeable public health burden, 
few evidence-based treatments address this common 
constellation.

 ■ For individuals with comorbid PTSD and MDD as well as 
2 or more antidepressant failures, this study provides the 
first open-label evidence that serial ketamine infusions 
may represent an efficacious treatment alternative.

https://clinicaltrials.gov/ct2/show/NCT02577250?term=NCT02577250&rank=1
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Secondary outcomes included change in CAPS-5 score, 
proportion of individuals in remissione from PTSD (defined 
as PCL-5 total score < 33)43 following completion of the 
infusion series, proportion of individuals meeting depression 
response criteria (≥ 50% improvement in baseline MADRS 
score) and depression remission criteria (MADRS score ≤ 9)44 
at the conclusion of the infusion series, change in scores on 
PCL-5 subscales (intrusion, avoidance, negative alterations 
in cognition and mood, and marked alterations in arousal 
and reactivity), and proportion of individuals relapsing for 
either PTSD or depression during the follow-up period. The 
PCL-5 and MADRS were administered 1 hour before and 24 
hours after each infusion. Primary and secondary outcome 
measures were obtained weekly throughout an 8-week 
period following the sixth infusion.

Side effects and tolerability were assessed using the 
Clinician-Administered Dissociative States Scale (CADSS),45 
the 4-item positive symptom subscale of the Brief Psychiatric 
Rating Scale (BPRS+),46 and the single elevated-mood item 
from the Young Mania Rating Scale (YMRS-1).47

Statistical Analysis
Descriptive statistics were calculated to summarize 

sociodemographic variables, primary and secondary 
outcomes, and side effect measures. Changes in outcome 
measures from baseline (pretest) to 24 hours after the sixth 
infusion (posttest) were examined using repeated-measures 
analyses of variance. Magnitude of change during treatment 
(pretest to posttest) and following treatment (posttest to 
follow-up after 4 weeks) were compared for PTSD and 
depression symptoms using the small sample size bias–
adjusted Cohen d (d′) on a z-score distribution. Time to 
relapse was estimated using Kaplan-Meier survival analysis 
with a log rank test for participants who met criteria for PTSD 
remission and/or depression response at the conclusion of 
the infusion series.f Changes in side effects between time 
points were analyzed using paired t tests.

RESULTS

Study Participants
Twenty-four individuals provided signed informed 

consent and underwent screening procedures. Eligibility 
criteria were met by 19 participants; 2 participants withdrew 
consent before treatment, and 1 individual withdrew from the 
study after the first infusion due to personal circumstances. 
Another individual completed all 6 infusions; however, 
this individual’s outcome data were incomplete secondary 
to a change in the study protocol and thus were excluded 
from the analyses. Table 1 presents sociodemographic and 
baseline characteristics of participants who received all 6 
infusions and had complete outcome data (N = 15).

eAlthough depression symptom response is a well-defined metric in 
depression research, there is no equivalent metric for PTSD. Thus, only 
remission from PTSD was assessed as an outcome.
fIe, individuals who were able to relapse.

Table 1. Demographics and Clinical Characteristics of the 
Study Sample (N = 15)a

Variable Value
Sociodemographics

Age at enrollment, y 52.1 ± 14.4
Female, n (%) 5 (33.3)
Ethnic minority, n (%) 1 (6.7)
Education, y 14.8 ± 2.3
Married, n (%) 11 (73.3)

Depression characteristics
Baseline depression (HDRS score) 26.8 ± 7.3
Baseline depression (MADRS score) 35.6 ± 4.8
Age at onset of MDD, y 24.5 ± 11.0
Duration of current MDE, y 24.3 ± 17.7
Single MDE in lifetime, n (%) 12 (75)
No. of failed antidepressant trials (current MDE) 3.1 ± 1.0
Lifetime history of ECT, n (%) 1 (6.7)
Lifetime history of suicide attempt, n (%) 3 (20.0)

PTSD characteristics
Baseline PTSD (CAPS-5 score) 39.7 ± 9.3
Age at onset of PTSD, y 26.0 ± 12.3
Duration of PTSD symptoms, y 26.1 ± 18.4
Primary trauma, n (%)

Combat exposure 8 (53.3)
Sexual assault 5 (33.3)
Accident or fire 1 (6.7)
Physical assault or abuse 1 (6.7)

Order of onset, n (%)
Depressive symptoms first 9 (60.0)
PTSD symptoms first 3 (20.0)
Simultaneous onset 3 (20.0)

Additional comorbid psychiatric conditions  
(current or lifetime), n (%)

Obsessive-compulsive disorder 1 (6.7)
Panic disorder 1 (6.7)
Attention-deficit/hyperactivity disorder 1 (6.7)
Borderline personality disorder 1 (6.7)
Past substance use disorder 4 (26.7)

No. of psychoactive medications per participant at enrollment 2.9 ± 1.9
No. of antidepressant medications per participant  

at enrollmentb 
1.3 ± 0.9

Concomitant psychotropic medications by class per 
participant at enrollment, n (%)

SRI 2 (13.3)
SNRI 5 (33.3)
Tricyclic/heterocyclic antidepressant 2 (13.3)
Other antidepressantc 7 (46.7)
Mood stabilizerd 5 (33.3)
Antipsychotic 2 (13.3)
Benzodiazepinee 2 (13.3)
Z-drug sedative-hypnotic 5 (33.3)
Stimulant 3 (20)
Opiate 3 (20)
Prazosin 4 (26.7)

aValues shown as mean ± SD unless otherwise noted.
bCurrent number of antidepressant medications references the number 

of antidepressants that each participant was taking at study entry. This 
number does not reflect the number of medications participants were 
required to have minimally failed for study entry, per the Antidepressant 
Treatment History Form (ATHF).

cIncludes bupropion, mirtazapine, trazodone, and nefazodone.
dIncludes antiepileptic medications and lithium.
eAlthough 2 participants were prescribed benzodiazepine medications, 

neither took these medications in the hours preceding infusions as all 
participants were required to be NPO.

Abbreviations: CAPS-5 = Clinician Administered PTSD Scale for DSM-5, 
ECT = electroconvulsive therapy, HDRS = Hamilton Depression Rating 
Scale, MADRS = Montgomery-Asberg Depression Rating Scale, 
MDD = major depressive disorder, MDE = major depressive episode, 
NPO = nil per os, PTSD = posttraumatic stress disorder, SRI = serotonin 
reuptake inhibitor, SNRI = serotonin-norepinephrine reuptake inhibitor, 
Z-drug = nonbenzodiazepine anti-insomnia drug.
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Secondary Outcomes
PTSD symptom severity assessed by clinician 

interview (CAPS-5) demonstrated a significant 
reduction in total score after completion of the 
6-infusion series (t14 = 6.44, P < .0005, d′ = 1.85) 
(Table 2). After the first infusion, 9 (60.0%) of 
15 individuals remitted from PTSD, whereas 
12 (80.0%) of 15 individuals were in PTSD 
remission after the sixth infusion (Figure 
1). Depression response criteria were met 
by 3 (20.0%) of 15 participants after the first 
infusion whereas 14 (93.3%) of 15 individuals 
showed depression response after the sixth 
infusion. Depression remission was observed 
in 2 (13.3%) of 15 individuals after the first 
infusion and in 9 (60.0%) of 15 individuals 
after the sixth infusion. Repeated ketamine 
infusions demonstrated significant reductions 
in all 4 PTSD symptom clusters (d′ ≥ 1.49) 
(Table 2).

Relapse Rate
Individuals whose PTSD symptoms were 

in remission (n = 12) and/or whose depression 
symptoms responded (n = 14) to the ketamine 
infusion series were followed for up to 56 days 
to estimate time to relapse (Figure 2). All 12 
individuals in remission from PTSD also 
had response for depression; 3 individuals 
demonstrated depression response without 
PTSD remission. At 14 days posttreatment, 
80% of the total sample (n = 12) were in PTSD 
remission, 40% (n = 6) were in depression 
remission, and 66.7% (n = 10) had response 
for depression. Of the 12 individuals in PTSD 
remission, the median time to relapse was 41 
days, with the 50th and 75th percentiles at 
41 and 27 days, respectively (Figure 2A). The 
25th percentile was not calculated because 
6 individuals (50% of individuals in PTSD 
remission; 40% of the total sample) remained 
in remission from PTSD throughout the 
follow-up period. Of the 14 individuals with 
depression response, the median time to relapse 
was 20 days with the 25th and 75th percentiles 
at 34 and 13 days, respectively (Figure 2B). 
Two individuals (14.3% of individuals with 
depression response; 13.3% of the total 
sample) did not have a relapse of depression 
symptoms and remained responders through 
the follow-up period.

Paired-samples t tests showed that the mean 
PTSD symptom severity was significantly 
higher at 4 weeks’ follow-up (n = 10), compared 
to symptoms 24 hours after the sixth infusion 
(t9 = 3.42, P = .008), but this change was 
associated with a small effect size (d′ = 0.24). 

a(A) Change in PTSD symptoms as measured by the PCL-5. (B) Change in depression severity 
as measured by the MADRS. Error bars represent standard errors. IV ketamine (0.5 mg/
kg) was administered during a 12-day period on a Monday-Wednesday-Friday schedule, 
corresponding to days 1, 3, 5, 8, 10, and 12. MADRS and PCL-5 were administered at 
baseline and at 24 hours after each infusion when the peak antidepressant response was 
hypothesized to occur. Cohen d’ values are sample size–adjusted values. The timing of the 
ketamine infusions shown at the top of part A applies to part B as well.

*Mean change in PCL-5 score was significantly decreased 24 hours after the sixth infusion 
(day 13) compared to baseline (day 1; P < .0001) and was associated with a large effect size 
(Cohen d’ = 2.17).

**Mean change in MADRS score was significantly decreased 24 hours after the sixth infusion 
(day 13) compared to baseline (day 1; P < .0001) and was associated with a large effect size 
(Cohen d’ = 4.64).

Abbreviations: IV = intravenous, MADRS = Montgomery-Asberg Depression Rating Scale, 
PCL-5 = PTSD Checklist for DSM-5, PTSD = posttraumatic stress disorder, TRD = treatment-
resistant depression.

Figure 1. Change in Mean (A) PTSD Symptom and (B) Depressive Symptom 
Levels After Repeated Ketamine Infusions in a Sample of Individuals 
(N = 15) With Comorbid Chronic PTSD and TRDa
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Efficacy
The mean within-subject change in PTSD symptoms significantly 

decreased over the course of treatment from baseline to 24 hours after 
the sixth ketamine infusion (F2.62,36.70 = 30.169, P < .0005, d′ = 2.17) 
(Figure 1A; Table 2). Similarly, the mean within-subject change in 
depression symptoms significantly decreased over the course of treatment 
(F2.79,39.03 = 56.713, P < .0005, d′ = 4.64) (Figure 1B; Table 2). The effect 
size for mean decrease in symptom severity during treatment was 2.14 
times larger for depression compared to PTSD, and this difference was 
significant (z = 2.92, P = .003).
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Table 2. Clinical Improvement (mean change) in 
Posttraumatic Stress Disorder (PTSD) and Depressive 
Symptoms From Baseline to 24 Hours After the Sixth 
Ketamine Infusion and Associated Effect Sizesa

Difference
Measure Mean 95% CI P Cohen d’
PCL-5 score

Total 33.27 23.04–43.50 < .0005 2.17
Intrusion 8.27 4.26–12.23 .001 1.49
Avoidance 3.53 2.07–5.00 < .0005 1.67
Negative alterations 

in mood/cognition
11.47 8.19–14.74 < .0005 2.10

Changes in arousal/
reactivity

10.67 7.47–13.87 < .0005 2.10

MADRS total score 26.60 22.98–30.22 < .0005 4.64
CAPS-5 total score 18.93 12.62–25.24 < .0005 1.85
aThe P values result from repeated-measures analyses of variance 

comparing baseline (pretest) to 24 hours after the sixth ketamine 
infusion (posttest). Statistical significance was defined at an α level of .05. 
Magnitude of change during treatment (pretest to posttest) was assessed 
using Cohen d’ on a z-score distribution. Cohen d’ values are sample size–
adjusted values.

Abbreviations: CAPS-5 = Clinician Administered PTSD Scale for DSM-5, 
CI = confidence interval, MADRS = Montgomery-Asberg Depression Rating 
Scale, PCL-5 = PTSD Checklist for DSM-5, PTSD = posttraumatic stress 
disorder.

a(A) Survival analyses for PTSD symptoms during the 8-week follow-up period. Relapse was defined as PCL-5 total score 
> 33. Median time to PTSD relapse was 41 days, but a standard error could not be calculated because 50% of the sample 
remained in remission for the duration of the follow-up period. (B) Survival analyses for depression symptoms during the 
8-week follow-up period. Relapse was defined as < 50% improvement from baseline MADRS total score. Median ± SE time 
to depression relapse was 20 ± 6.86 days.

Abbreviations: MADRS = Montgomery-Asberg Depression Rating Scale, PCL-5 = PTSD Checklist for DSM-5, 
PTSD = posttraumatic stress disorder.

Figure 2. Kaplan-Meier Survival Curves for (A) PTSD and (B) Depression Symptoms Following 
Repeated Ketamine Infusionsa
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The mean depression symptom severity was also significantly 
higher at 4 weeks’ follow-up (n = 11) compared to symptoms 
24 hours after the sixth infusion (t10 = 4.76, P = .001) and was 
associated with a large effect size (d′ = 1.42). The effect size 
for mean increase in symptom severity at 4 weeks’ follow-up 
was 5.92 times larger for depression compared to PTSD, 
and this difference in effect sizes approached significance 
(z = 1.92, P = .054).

Side Effects
A small increase in dissociative symptoms was observed 

immediately after each ketamine infusion, but these symptoms 
returned to baseline levels by the end of the recovery period 
(Figure 3). Pre-infusion increases in psychotomimetic 
symptoms (in the form of paranoia) were observed in 7 
individuals. However, ketamine was associated with a decrease 
in psychotomimetic symptoms post-infusion, which persisted 
through the recovery period (Figure 3). No significant 
increase in elevated mood symptoms was observed (Figure 
3). There was no trend suggesting an increase in dissociative 
or psychotomimetic side effects over the 6-infusion course 
(Figure 3). No veterans experienced a worsening of PTSD 
symptoms from baseline at any point during the trial. Three 
participants (20%) required treatment with β-blockersg 
because of blood pressure elevation (systolic blood pressure 
> 180 mm Hg and/or diastolic blood pressure > 100 mm Hg).

DISCUSSION

Our data provide the first evidence that repeated infusions 
of subanesthetic ketamine effectively and rapidly reduce 
symptoms associated with comorbid chronic PTSD and TRD 
in a veteran population. Although this was a diagnostically 
complex and severely ill population, we found substantial 
and enduring response in PTSD and depression symptoms 
using the repeated infusion regimen, which was safe and 
well-tolerated. These findings have important therapeutic 
implications for previously treatment-resistant individuals.

gOne-time dose administered during the infusion.
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Compared with previous studies of antidepressant agents for PTSD, 
the 6-infusion regimen achieved larger effect sizes.h In a recent meta-
analysis48 of treatments for PTSD, the largest effect size for antidepressant 
pharmacotherapy was for paroxetine (g = 0.74), with the majority falling in 

hAlthough Hedges g and sample size–adjusted Cohen d (d’) use different calculations for 
determining effect sizes, they are comparable standardized metrics using the same convention 
for interpreting magnitude of effect.

the small to medium range (g = 0.14–0.74). 
In this study, repeated ketamine infusions 
also demonstrated significant improvement 
across PTSD symptom clusters, which 
highlights the effectiveness of the repeated 
dosing regimen for PTSD symptoms over 
and above depressive symptom response. 
The greatest treatment effect sizes were 
observed for the negative alterations in 
cognition and mood cluster and for the 
marked alterations in arousal and reactivity 
cluster, which may be related to depression 
symptom overlap. However, large effect 
sizes were also observed for improvements 
in the avoidance and intrusion clusters, 
which suggests an effect of ketamine on 
PTSD-specific symptoms. Moreover, the 
effectiveness of the ketamine intervention 
across PTSD symptom subclusters and 
depression symptoms suggests the disorders 
may share a common underlying substrate, 
supporting the idea of a generalized 
traumatic stress syndrome.4,14,15

Repeated infusions resulted in a 
longer period of symptom reduction for 
PTSD and depression compared to single 
infusions for either disorder. In the only 
other study of ketamine for PTSD,31 24.1% 
of individuals receiving a single ketamine 
infusion demonstrated significant PTSD 
symptom reduction 2 weeks post-infusion. 
In the current study, 80% of our sample 
with PTSD remission maintained response 
for 2 weeks, more than 3 times the rate 
reported for a single infusion.31 Moreover, 
the median time to PTSD relapse was 41 
days, with 50% of the sample remaining in 
remission throughout the follow-up period. 
The results were similarly positive for 
depression symptom reduction compared 
to results with single infusions. A meta-
analysis49 of randomized controlled trials of 
single infusions of ketamine for depressive 
symptoms reported a pooled response rate 
of 10.9% and a pooled remission rate of 
2.6% at 14 days posttreatment. In contrast, 
following repeated ketamine infusions, 
66.7% of individuals remained in response, 
and 40% of individuals continued in 
remission from depressive symptoms 14 
days post–infusion series. It is important 
to note that the aforementioned studies 
were placebo-controlled and, as such, the 
response and remission rates are not directly 
comparable to the present open-label study. 
Nevertheless, our higher response rates 
provide preliminary evidence that multiple 

Figure 3. Mean Change in (A) Psychotic, (B) Dissociative, and (C) Manic 
Symptoms During 6 Repeated Ketamine Infusionsa

aChange in (A) BPRS+ subscale score (4 items consistent with the positive symptoms of 
psychosis), (B) CADSS total score, and (C) YMRS-1 score during the course of the 6-infusion 
series. Error bars represent standard errors. The timing of the ketamine infusions shown at the 
top of part A applies to parts B and C as well.

Abbreviations: BPRS+ = Brief Psychiatric Rating Scale Positive Symptoms, CADSS = Clinician-
Administered Dissociative States Scale, YMRS-1 = Young Mania Rating Scale single item score 
(elevated mood).
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ketamine infusions may achieve a more durable period of 
response for both PTSD and depression symptoms.

This study was not powered to detect moderating or 
mediating effects for improvement or relapse in depression 
symptoms on PTSD symptoms, or vice versa. Nevertheless, 
comparison of effect sizes for depression and PTSD 
symptoms enables standardized contrasting of the degree 
of symptom change. There was a statistically significant 
difference in effect sizes between depression symptoms and 
PTSD symptoms after the 6-infusion series, in which the 
treatment effect for depressive symptoms was significantly 
greater than that for PTSD symptoms. Depressive symptoms 
also had a 5.9 times larger effect size for mean symptom 
relapse in the 4 weeks following treatment compared to 
PTSD symptoms. Thus, while it appears that the acute 
treatment response was stronger for depression, the PTSD 
treatment response may be more sustained. This observation 
was also reflected in the median times to relapse, which were 
greater for PTSD than for depression.

Differences in the magnitude of effect after the infusion 
series and at 4 weeks of follow-up suggest that differences, 
and commonalities, may exist in biological processes or 
neural circuits affected by the ketamine intervention. The 
effect of ketamine on these processes may impact disease 
symptoms in different ways. Preclinical studies50,51 have 
demonstrated that glutamatergic signaling plays a role 
in depression, stress responsivity, traumatic memory 
formation, and the pathophysiology of PTSD. Chronic 
stress has been shown to mediate reciprocal neuroplastic 
changes in the amygdala compared to the prefrontal cortex 
and hippocampus52—structures known to be affected in 
PTSD and depression.53–57 Thus, the improvement across 
PTSD symptom clusters, as well as differences in PTSD and 
depression relapse rates, supports the notion that ketamine 
has differential effects on neuroplastic processes depending 
on the neuroanatomical locations. Alternatively, the study 
design, which required individuals to evaluate their PTSD 
symptoms daily to weekly, may have represented a form of 
exposure therapy that facilitated extinction learning. Given 
ketamine’s demonstrated role in rapidly stimulating synaptic 
plasticity,58,59 ketamine may have enhanced extinction 
learning via these mechanisms, thereby extending the 
period of remission for PTSD symptom clusters. Other 

glutamatergic modulators, such as d-cycloserine, have 
demonstrated similar effects.60

This study also demonstrated that the regimen of repeated 
ketamine infusions was safe and well-tolerated. Ketamine was 
associated with transient increases in dissociative symptoms 
that peaked immediately following infusion cessation but 
resolved within 2 hours. We also saw no significant emergence 
of manic or psychotic symptoms associated with repeated 
infusions. This finding replicates those of Feder et al.31 Our 
results extend those findings by demonstrating that multiple 
exposures to a dissociative anesthetic does not result in the 
sustained worsening of dissociative symptoms in individuals 
with chronic PTSD.

The strengths of this study include the enrollment of 
individuals with moderate-to-severe symptom levels and 
the inclusion of military veterans with chronic PTSD. In 
previous studies,61,62 veterans from the Vietnam era with 
combat-related PTSD have been noted to be particularly 
treatment refractory with regards to both medication and 
psychotherapy. In the current study, 50% of the participants 
were Vietnam-era veterans, all of whom responded to the 
intervention. Repeated ketamine infusions may be well-
suited to this highly refractory population.

Our study had several limitations. Notably, the open-label 
design without a placebo control limits the interpretation 
of efficacy. Our preliminary findings warrant further 
examination in a larger placebo-controlled clinical trial. A 
larger study could also address moderating and mediating 
effects of improvement and relapse in PTSD and depression 
symptoms.

In conclusion, this study is the first prospective study of 
repeated infusions of subanesthetic ketamine for comorbid 
PTSD and TRD. The treatment was associated with rapid 
response of PTSD symptoms and symptoms of previously 
treatment-resistant depression. Further, the maintenance of 
response for both PTSD and depressive symptoms was more 
durable than the periods of response reported in extant single-
infusion studies. Repeated infusions were well-tolerated 
by all individuals without any worsening of dissociative 
symptoms outside of the acute infusion period. In short, 
repeated ketamine infusions may represent an efficacious, 
durable, and safe treatment for a clinically complex and high-
risk population that has historically been difficult to treat.
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