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SYSTEMATIC REVIEW

EFFECTIVENESS OF KETAMINE FOR THE TREATMENT OF POST-TRAUMATIC STRESS
DISORDER — A SYSTEMATIC REVIEW AND META-ANALYSIS

Thales Marcon Almeida, Ursula Raianny Lacerda da Silva, Jeully Pereira Pires, Isaac Neri Borges, Clara Rosa
Muniz Martins, Quirino Cordeiro, Ricardo R. Uchida

Abstract

Objective: Post-traumatic stress disorder (PTSD) is an enduring condition
characterized by a chronic course and impairments across several areas. Despite its
significance, treatment options remain limited, and remission rates are often low.
Ketamine has demonstrated antidepressant properties and appears to be a promising
agent in the management of PTSD.

Method: A systematic review was conducted in PubMed/MEDLINE, Cochrane
Library, Clinicaltrials.gov, Lilacs, Scopus, and Embase, covering studies published
between 2012 and December 2022 to assess the effectiveness of ketamine in the
treatment of PTSD. Ten studies, consisting of five RCTs, two crossover trials, and
three non-randomized trials, were included in the meta-analysis.

Results: Ketamine demonstrated significant improvements in PCL-5 scores,
both 24 hours after the initial infusion and at the endpoint of the treatment course,
which varied between 1 to 4 weeks in each study. Notably, the significance of these
differences was assessed using the Two Sample T-test with pooled variance and the
Two Sample Welch’s T-test, revealing a statistically significant effect for ketamine
solely at the endpoint of the treatment course (standardized effect size= 0.25; test
power 0.9916; 95% CI = 0.57 to 17.02, p=0.0363). It is important to note that high
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heterogeneity was observed across all analyses.

Conclusions: Our findings suggest that ketamine holds promise as an effective
treatment option for PTSD. However, further trials are imperative to establish robust

data for this intervention.
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Introduction

Post-traumatic stress disorder (PTSD) is a chronic
and debilitating condition, commonly associated with
comorbidities, primarily mood and substance use
disorders. This scenario leads to impairments across
several domains, encompassing labor, economic and
social areas (Goldberg et al., 2014; Yehuda et al., 2015;
Shalev et al., 2017). According to the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition
(DSM-5), published by the American Psychiatric
Association (2013), there are four primary clusters of
symptoms: persistent avoidance, intrusion symptoms,
alterations in mood and cognition, and changes in
arousal and reactivity. Epidemiological studies have
estimated the 12-month prevalence of these conditions
at approximately 5.3% and the lifetime prevalence
at 8.3% in the United States (Benjet et al., 2016).
Worldwide, the most frequently reported traumatic
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events include various forms of violence, such as
physical and sexual assault, as well as accidents and
traumatic injuries (Kilpatrick et al., 2013).

Despite their significance in treating PTSD, only
two pharmacological agents, the selective serotonin
reuptake inhibitors (SSRIs) paroxetine and sertraline,
have been approved by the US Food and Drug
Administration (FDA). However, other medications,
including the serotonin and norepinephrine reuptake
inhibitor (SNRI) venlafaxine, atypical antipsychotics,
and the alpha-2 adrenergic receptor blocker prazosin,
are frequently prescribed as off-label options (Sharpless
& Barber, 2011; Alexander, 2012; Green, 2014).
Unfortunately, remission rates with these treatments
are relatively low, typically around 20-30%, and
patients often experience persistent residual symptoms
(Friedman et al., 2007; Berger et al., 2009; Krystal et
al.,2017). Recent advances in inflammatory, molecular,
neuroendocrine, and neuroimaging markers underscore

SUBMITTED SEPTEMBER 2023, ACCEPTED DECEMBER 2023



Effectiveness of ketamine for the treatment of post-traumatic stress disorder

the urgent need for research into new PTSD treatment
modalities (Daskalakis et al., 2013; Zoladz & Diamond,
2013; Kunimatsu et al., 2020).

Ketamine, an NMDA glutamate receptor antagonist,
has demonstrated notable antidepressant properties. Its
effects are not limited to interactions with glutamatergic
receptors, as they also involve various complex
signaling cascades and molecular targets (Abdallah et
al., 2018; Pereira & Hiroaki-Sato, 2018). Randomized
controlled trials (RCTs) have underscored the rapid
antidepressant effects of ketamine, which are apparent
not only in patients with treatment-resistant depression
(TRD) (Zarate et al., 2006; Diazgranados et al., 2010;
Lapidus et al., 2014) but also in those exhibiting
symptoms of suicidality (Andrade, 2018; Lengvenyte
etal., 2019).

The use of ketamine in treating PTSD has gained
increasing recognition. Glutamatergic activity is crucial
in the formation of memories, including the encoding of
traumatic events (Malenka & Nicoll, 1999; Reul & Nutt,
2008). Additionally, studies utilizing animal models
have shown that chronic stress exposure may lead to
alterations in glutamatergic transmission, potentially
heightening the susceptibility to mental disorders
(McEwen, 1999; Radley & Morrison, 2005). In light of
these findings, this systematic review and meta-analysis
is dedicated to updating the current evidence on the
efficacy of ketamine in the treatment of PTSD.

Methods

The methodology of this study was rigorously
designed in alignment with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (Moher etal., 2009). Additionally,
the protocol for this systematic review and meta-
analysis was duly registered with the International
Prospective Register of Systematic Reviews, under the
registration number PROSPERO-CRD42022378592.
meta-analysis

Search Strategy

The search strategy for this systematic review
was meticulously executed across multiple electronic
databases, including MEDLINE (PubMed), Embase,
Scopus, Lilacs, ClinicalTrials.gov, and the Cochrane
Library. Our search parameters were designed to
include studies published from 2012 through December
2022, imposing no language restrictions to ensure
a comprehensive inclusion of relevant literature. To
tailor our search effectively, we adapted keywords
relevant to our study’s objectives, employing specific
indexing terms such as MeSH in PubMed. Additionally,
to capture any potentially overlooked studies, we
conducted manual searches. The detailed search
strategy for each database is thoroughly documented in
the supplementary materials accompanying this article.

Inclusion and Exclusion Criteria

This study included articles that met the following
criteria: (1) The assessment of adults with a primary
diagnosis of PTSD. (2) The use of a validated diagnostic
method for PTSD. (3) The inclusion of subjects who
received at least one infusion of ketamine, regardless
of the route of administration. For the exclusion
criteria, the study did not consider: (1) Previously
published reviews, case reports, letters, editorials,
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as well as systematic reviews and meta-analyses. (2)
Studies involving patients with comorbid psychotic
disorders, active substance use disorders, or severe

clinical conditions (neurological, pulmonary, and
cardiovascular).
Screening Selection

Two authors, TMA and JPP, independently

conducted the initial screening of titles and abstracts,
followed by a detailed examination of the full-text
manuscripts, adhering to the pre-established selection
criteria. In instances of disagreement regarding
inclusion, the issues were resolved through group
discussions until a consensus was reached.

Data extraction from the included articles was
performed wusing standardized spreadsheets. The
extracted data encompassed: (1) first author and year of
publication; (2) country of the study; (3) study design;
(4) participant characteristics; (5) sample size; (6)
severity of diagnosis; (7) study outcomes. The initial
data extraction was carried out by author TMA and
subsequently reviewed for accuracy and completeness
by JPP, INB, CRMM, URLS, RRU, and QC.

Outcomes

The primary outcome of interest was the
improvement in PTSD symptoms, assessed using the
Posttraumatic Stress Disorder Checklist for DSM-5
(PCL-5) scores, at two specific time points:

1) 24 hours after the first ketamine infusion.
2) At the pharmacological endpoint, as defined by the
protocol in each individual study.

Notably, secondary depressive symptoms, typically
measured by the Montgomery-Asberg Depression
Rating Scale (MADRS), were not included in the
analysis.

Risk of Bias Assessment

We conducted a comprehensive risk of bias
assessment using three distinct tools tailored to the
study designs employed. The Version 2 of the Cochrane
risk-of-bias tool for randomized trials (RoB 2) (Sterne et
al., 2019) was utilized for randomized trials, including a
specialized version for crossover trials that specifically
addressed potential carryover effects. Additionally, we
employed the Risk of Bias in Non-randomized Studies
- of Interventions (ROBINS-I) tool (Sterne et al., 2016).

For the RoB 2 assessment, we evaluated the risk of
bias across six key domains: the randomization process,
timing of participant identification or recruitment,
deviations from the intended interventions, missing
outcome data, measurement of the outcome, and
selection of the reported result. The overall risk of bias
was categorized as either low, moderate, or high.

In the case of the ROBINS-I assessment, we
examined seven domains of bias: confounding,
participant selection into the study, classification of
interventions, deviations from intended interventions,
missing data, measurement of outcomes, and selection
of the reported result. The overall risk of bias was
classified as "low risk," "moderate risk," "serious risk,"
or "critical risk."

To ensure the robustness of our assessment, two
authors (TMA, URLS) independently performed the
risk of bias evaluation. In instances where disagreements
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arose, a third author (RRU) was consulted to facilitate
consensus.

Statistical Analysis

In order to evaluate the impact of ketamine on the
improvement of post-traumatic stress disorder (PTSD)
symptoms, we conducted data extraction at two key
time points: baseline and post ketamine infusion. The
assessment of post-traumatic stress disorder (PTSD)
severity in these studies was carried out using three
distinct measurement scales: the PCL-5, the Impact
of Events Scale-Revised (IES-R), and the Clinician-
Administered Post-traumatic Stress Disorder Scale
for DSM-5 (CAPS-5). For each study, we gathered
data on the mean scores and standard deviations (SD)
associated with these measurement scales, enabling a
comprehensive analysis of the effectiveness of ketamine
in mitigating post-traumatic stress disorder (PTSD)
symptoms.

Since most of the studies employed the PCL-5 as the
baseline score scale, the IES-R and CAPS-5 scores were
parameterized using simple linear regression. The linear
regression models were powered by studies that assessed
both PCL-5 x IES-R and PCL-5 x CAPS-5 scores
(Ashbaugh et al., 2016; Sveen et al., 2016; Murphy et
al., 2017). (The figures depicting the results of the linear
regression can be found in the supplementary material).

The mean difference score (MD) was computed by
subtracting the mean score at baseline from the mean
score at the treatment endpoint of interest. The standard
deviation for the mean difference (SDMD) was calculated
using the following formula:

JSE+53—2 x 1 x 5, X5,

In this equation, 'S:' represents the standard deviation

of the mean score at baseline, 'S’ represents the standard
deviation of the mean score after ketamine infusion, and
'r' is the Pearson correlation coefficient. The 'r' value is
calculated from the mean scores of all studies included in
the analysis. Our meta-analysis utilized the mean score
difference at baseline and at the treatment endpoint (MD
+ SDMD). These scores were stratified into intervention
vs. control groups and categorized by immediate effects
(at 24 hours) and effects over time (ranging from 1 day
to a 4-week period).

To compare the pooled mean differences in the
intervention and control groups, we examined the 24-
hour time point and the endpoint defined by each study,
which typically corresponded to the last ketamine
infusion and the final outcome measured in relation to
the pharmacological intervention.

To determine the statistical significance of differences
between the two groups, we employed both the two-
sample Welch’s T-test and the two-sample T-test with
pooled variances, considering the Hypothesis Testing
(HO: pl=p2 and H1: pl# p2).

Results

Out of the initial 548 references, 237 duplicates
were removed, leaving 311 records for title and abstract
assessment. Among these, 297 studies were excluded for
not meeting the inclusion criteria, resulting in 14 studies
evaluated for eligibility. Three studies were excluded as
they utilized data from the same sample, and one study
was excluded due to insufficient data.

Ultimately, our systematic review and meta-analysis
included a total of ten studies, comprising five RCTs, two
crossover randomized trials, and three non-randomized
trials. These studies are cited as follows: Feder et al.,
2014; Pradhan et al., 2017; Albott et al., 2018; Pradhan

Figure 1. PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and

registers only
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et al., 2018; Ross et al., 2019; Dadabayev et al., 2020;
Shiroma et al., 2020; Feder et al., 2021; Harpaz-Rotem,
2022; and Abdallah et al., 2022.

Population

The total sample size for this study was 363
individuals; however, one study (Ross et al., 2019)
did not provide demographic information for the 30
participants in their trial. Among the 333 individuals
with available data, the mean age was 41.9 years (+
3.95), with 208 of them being male (62.4%). The mean
baseline PCL-5 score was 51.88 (£ 8.86).

Among the ten studies included in our analysis,
four (Feder et al., 2014; Feder et al., 2021; Abdallah et
al., 2022; Harpaz-Rotem, 2022) assessed patients with
moderate to severe PTSD based on their CAPS-5 scores.
Two studies focused on patients with refractory PTSD,
defined as those who had not responded to at least two
antidepressants and had undergone cognitive behavioral
therapy for a minimum of six months (Pradhan et al.,
2017; Pradhan et al., 2018). Additionally, one study
examined patients with comorbid TRD (Albott et
al., 2018), while another study specifically assessed
military veterans with combat-related PTSD (Ross et
al., 2019).

Nine studies utilized intravenous ketamine at a
dosage of 0.5 mg/kg. One of these studies (Abdallah
et al., 2022) included an additional intervention arm
with a lower dosage of 0.2 mg/kg, while another
study (Ross et al., 2019) employed a higher dosage of
1 mg/kg. Furthermore, four studies investigated the
use of ketamine in conjunction with psychotherapy.
Two studies (Pradhan et al., 2017; Pradhan et al.,
2018), authored by the same group, implemented a
mindfulness-related modality called TIMBER. The
other two studies (Shiroma et al., 2020; Harpaz-Rotem,
2022) assessed the combination of ketamine with
prolonged exposure therapy. It is noteworthy that all of
these studies were conducted within the United States
of America.

Table 1 presents the characteristics of the studies
included in our analysis.

Meta-analysis for effects over time

The meta-analysis was conducted using the
methodology outlined in the Comprehensive Meta-
analysis Software — Version 3.0 (2022). Heterogeneity
was assessed using the I? statistic, with moderate
heterogeneity assumed at I* values greater than 50%,
and high heterogeneity at values exceeding 75%. A
random-effects model was employed to account for
both within-study and between-study variability. In
our initial assessment, four studies (Ross et al., 2019;
Shiroma et al., 2020; Feder et al., 2021; Harpaz-Rotem,
2022) were excluded as they did not measure the PCL-5
score 24 hours post the initial ketamine infusion.

The improvement in PCL-5 mean scores was more
pronounced in the ketamine group compared to the
control groups in both analyses: at the endpoint of the
treatment course (30.85 vs. 22.06) and in the 24-hour
analysis (29.15 vs. 25.63). We employed both the Two
Sample T-test with pooled variance and the Two Sample
Welch’s T-test to evaluate the significance of these
differences. For the endpoint of the treatment course,
ketamine showed a significant effect (standardized
effect size = 0.25; test power = 0.9916; 95% CI = 0.57
to 17.02; p = 0.0363). However, the effects of ketamine
after the first 24 hours were not statistically significant
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(standardized effect size = 0.069; test power = 0.9747;
95% CI = -9.31 to 16.36; p = 0.5897). There was
evidence of high between-study heterogeneity in all
subgroup analyses (I> = 99.04%, 97.28%, 98.69%, and
97.88%, respectively; p < 0.001).

The forest plots for each analysis are presented in
figures 2 and 3.

The confidence interval for the difference between
active and control groups is presented in tables 2 and 3.

In the analysis of the risk of bias, three studies
(Feder et al., 2014; Abdallah et al., 2022; Feder et al.,
2021) representing 30% of the total, were classified
as having a low risk of bias in the overall assessment.
Four studies, accounting for 40% (Pradhan et al., 2017;
Pradhan et al., 2018; Dadabayev et al., 2020; Harpaz-
Rotem, 2022), were classified as having a moderate risk
of bias. Meanwhile, all three non-randomized studies
(Albott et al., 2018; Ross et al., 2019; Shiroma et al.,
2020), also representing 30%, were classified as having
a serious overall risk of bias. Specifically, the most
problematic dimensions of bias identified were: (1) bias
due to confounding; (2) bias due to deviations from
intended interventions; and (3) bias due to missing data,
with these concerns primarily associated with the non-
randomized studies. For the studies classified as having
an overall moderate risk of bias, it is important to note
that a low risk of bias was found in most subdomains
of analysis, as detailed in the supplementary material.

Discussion

our primary objective in conducting this meta-
analysis was to evaluate the effectiveness of ketamine
as a pharmacological intervention for PTSD, in light
of the emerging data in this field. We anchored our
analysis on a linear regression of PCL-5 scores to
assess improvements in the core symptoms of PTSD.
Our findings indicate that ketamine is associated with
symptom improvements in PTSD, noticeable both 24
hours after the first infusion and at the conclusion of
the treatment period. Importantly, these improvements
were found to be statistically significant when compared
to control agents only in the endpoint analysis.

A previous meta-analysis by Albuquerque et al.
(2022) also found evidence supporting the beneficial
effects of ketamine in treating PTSD. In their analysis,
the positive effects were predominantly observed in
MADRS scores, which may indicate improvements in
secondary depressive symptoms associated with PTSD,
rather than the primary symptoms of the disorder. This
finding is particularly relevant considering the high rates
of'co-occurrence of PTSD and major depressive disorder
(MDD), especially among military veteran populations,
who form a significant portion of the study samples.
Epidemiological data indicate that approximately 50%
of veterans in the US are afflicted with both PTSD
and MDD (Seal et al., 2010; Rytwinski et al., 2013).
Additionally, long-term treatment with ketamine has
been associated with reduced hospitalization rates,
particularly for severe comorbid conditions such as
PTSD and TRD (Hartberg et al., 2018).

Future researchers should focus on the long-
term effects of ketamine and the assessment of
adjunctive psychotherapy treatment. Synaptic deficits
are intimately linked to the development of PTSD
and related disabilities (Krystal et al., 2017). Stress
conditions act directly in glutamate synapsis leading
to a reducing signaling of brain-derived neurotrophic
factor (BDNF) and resulting in loss and reduction of
dendritic spines. Moreover, there is evidence that
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Table 2. Hypothesis Testing and Confidence Interval Analysis for 24-Hour Treatment, Comparing Mean Differences

Between Intervention and Control Groups

Immediate effects (24 hours) - Two Sample T-test with pooled variance

Group Sample size Variance Pooled Mean Difference
Study (1) 167 2509.51 29.15
Control (2) 98 2820.25 25.63
Results
Pooled variance 2624.12 Standardized effect sizes 0.0690
t-statistic 0.5400 Test power 0.9747
P-value 0.5897 95% Confidence Interval -9.31<p,-,<16.36

Table 3. Hypothesis Testing and Confidence Interval for the Endpoint Course of Treatment, Comparing Mean

Differences Between Intervention and Control Groups

Time effects (1-10 weeks) - Two Sample Welch’s T-test

Group Sample size Variance Pooled Mean Difference
Study (1) 234 1014.71 30.85
Control (2) 126 1645.53 22.06
Results
Pooled variance 1234.97 Standardized effect sizes 0.25
t-statistic 2.1076 Test power 0.9916
P-value 0.0363 95% Confidence Interval 0.57 <p-p,<17.02

severe symptomatology is related to reduced cortical
thickness. Such mechanisms are intricately connected
to the pathophysiology of PTSD (Popoli et al, 2011;
Wrocklage et al., 2017).

The properties of ketamine may contribute to the
restoration of synaptic connectivity and an increase in
neuronal plasticity. The proposed mechanisms behind
these actions are believed to involve the release of
glutamate and the blockade of extra-synaptic NMDA
receptors, which lead to changes in intracellular cascade
signaling pathways. These neural mechanisms increase
BDNF, AMPA signaling and changes in intracellular
messenger phosphorylation (Autry et al., 2011; Lietal.,
2011; Krystal et al., 2013). Furthermore, ketamine has
shown effect in reducing traumatic memories and fear,
an effect attributed to its action on synaptic pathways
in key brain regions, including the hippocampus, basal
ganglia, amygdala, and prefrontal cortex (Pradhan et
al., 2017; Shiroma et al., 2020).

Most studies in our meta-analysis evaluated
ketamine as a monotherapy for treating PTSD. A
RCT by Rothbaum et al. (2006) found that patients
who partially responded to an initial treatment with
sertraline showed increased benefits from 10 sessions
(twice a week) of prolonged exposure (PE) therapy.
Another RCT (Schneier et al., 2012) demonstrated that
patients treated with both PE and paroxetine for 10
weeks experienced significant improvements in PTSD
symptoms compared to those treated with PE and a
placebo. Additionally, there is evidence supporting
the effectiveness of ketamine-assisted therapy (KAP)
in significantly reducing depressive and anxiety
symptoms (Dore et al., 2019). Moreover, combination
of ketamine and prolonged exposure therapy presents
a promising avenue for future research (Shiroma et al.,
2020; Harpaz-Rotem, 2022).

Ketamine was found to be well-tolerated in the
studies analyzed. The most common side effects reported

28

were dose-related dissociative and psychomimetic
symptoms. These side effects generally peaked 40
minutes post-infusion and subsided to baseline levels
within two hours. Notably, no psychotic or manic
symptoms were observed during treatment (Feder et
al., 2014; Feder et al., 2021; Abdallah et al., 2022).
Additionally, exposure to ketamine was not linked to
an exacerbation of PTSD-related symptoms. These data
are consistent with previous studies that have assessed
the safety and tolerability of ketamine (Wan et al., 2015;
Vézquez et al., 2021).

The primary strength of our study lies in the
increased number of included studies and, consequently,
the enlarged intervention sample size in our analysis.
Furthermore, we conducted a linear regression analysis
of PCL-5 values to evaluate improvements in key
symptoms of PTSD. Nonetheless, it is important to
acknowledge that our study does face several limitations.
Firstly, high heterogeneity was observed in all analyses,
indicating potential methodological issues in some
studies, and raising concerns about bias influence, as
confirmed by the risk of bias assessment. Secondly,
most studies involved small sample sizes, with the RCT
by Abdallah et al. (2022) comprising 43.5% (158 out of
363 participants) of our sample. Thirdly, our analysis
was limited to assessing short-term treatment outcomes
due to the nature of the available data. Finally, the
observed high heterogeneity may be attributed to
variations in study designs (such as the absence of
control groups), sample sizes, the number of ketamine
infusions, baseline pharmacological treatments,
associations with psychotherapy, and differences in
endpoints as defined by each study's protocol.

Conclusion

We conducted a systematic review and meta-
analysis, employing linear regression of PCL-5

Clinical Neuropsychiatry (2024) 21, 1
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values to assess the effectiveness of ketamine in
treating PTSD. Improvements were observed both
24 hours post-infusion and at the endpoint of the
pharmacological treatment, which ranged from 1 to
4 weeks. Nevertheless, the improvement was notably
more pronounced compared to the control group only
in the later analysis. Our study suggests that ketamine
could be a promising option for the treatment of PTSD,
particularly when paired with various psychotherapy
approaches. However, it is essential to highlight that
further randomized controlled trials (RCTs) are needed
to establish more robust evidence for this intervention.
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