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Abstract

Purpose Posttraumatic stress disorder (PTSD) is a debilitating psychiatric disorder with a
lifetime prevalence of 6.1% in the general adult population. Clinical guidelines for the
treatment of PTSD suggest the use of trauma-focused psychotherapies such as prolonged
exposure (PE) and cognitive-behavioral therapy (CBT). As a second-level intervention,
these guidelines suggest the use of psychotropic medications, mainly selective serotonin
reuptake inhibitors (SSRIs). To date, however, studies have shown that both psychother-
apeutic and psychopharmacologic treatments have limited efficacy, with remission rates
around 40–70% and dropout rates of up to 50%. This paper reviews a new and emerging
treatment approach of medication-augmented psychotherapy for PTSD, with an emphasis
on augmenting prolonged exposure therapy (PE) with sub-anesthetic ketamine infusion.
Based on animal and human research on fear extinction and memory reconsolidation,
neurobiological changes that emerge following a ketamine infusion can enhance learning
and thus benefit exposure-based psychotherapies for PTSD.
Summary Medication-augmented exposure-based psychotherapies represent a promising
direction for the treatment of PTSD, with some positive results in small-scale studies. More
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studies (phase 2 and 3) should be performed to determine if this multimodal treatment
approach may help mitigate PTSD symptoms in trauma-exposed individuals who do not
respond to standard monotherapeutic approaches.

Introduction

Posttraumatic stress disorder (PTSD) is a debilitat-
ing psychiatric disorder with an estimated 1-year
prevalence of 4% [1–3] and lifetime prevalence in
the general population ranging between 4.6 and
6.1% [4]. Among US military personnel, PTSD
rates are even higher, ranging from 19 to 22%
[5], al though a recent study of a general
population-based sample of US veterans suggested
a lifetime prevalence of 6.9% [6]. The disease
course of PTSD may be chronic, with more than
40% of individuals with PTSD describing their
symptoms as having a major negative effect on
their social and/or occupational functioning even
10 years after the onset of the disorder [1, 7–10].
PTSD is also associated with psychiatric comorbid-
ities such as major depressive disorder, significantly
reduced health-related quality, psychosocial dys-
function, and increased morbidity and mortality
[10, 11].

PTSD symptoms include intrusive thoughts of
the traumatic event, avoidance of thoughts, places,
and other reminders of the event, negative alter-
ations in mood and cognition, and hyperarousal
and reactivity. This disorder is often accompanied
by sleep disturbances, social isolation, and cogni-
tive dysfunction [11]. It is a heterogeneous disorder
in which some might be more affected by intrusive
symptoms such as recurrent flashbacks or dreams
of the event, while others might be more affected
by hypervigilance, sleep disturbance, and concentra-
tion difficulties [12].

The National Academies of Science, Engineering,
and Medicine issued a report on the treatment of
PTSD [13] where they concluded that exposure ther-
apy is the most efficacious treatment. In 2017, the
American Psychological Association (APA) issued
clinical practice guidelines for PTSD, which included
recommendations for both psychotherapeutic and

pharmacotherapeutic treatments for this disorder
[14]. In this document, the APA recommended the
following psychotherapies for the treatment of PTSD:
cognitive-behavioral therapy (CBT; [15]), cognitive
processing therapy (CPT; [16]), cognitive therapy
(CT; [17]), and prolonged exposure (PE; [18]). Other
psychotherapies have been found to be moderately
effective, and some, such as relaxation or Seeking
Safety, were not found to be effective at all [14]. In
its guidelines, APA recommended the following
pharmacotherapies: fluoxetine, paroxetine, sertraline,
and venlafaxine, with moderate level of evidence.

Although the above-mentioned treatments for
PTSD are currently the most efficacious, the per-
centage of full remission from PTSD remains low,
with studies suggesting that 30–60% fail to remit
from the disorder [19, 20•, 21]. To date, no single
pharmacological agent has been developed exclu-
sively to treat PTSD. FDA-approved drugs for PTSD
such as paroxetine and sertraline achieve 30% re-
mission [22, 23]. In psychotherapy trials, there is a
large percentage of dropout and non-responders,
with large variability between reports, and the per-
centage of non-remitted patients can be as high as
50% [24]. Thus, current advances in both psycho-
therapeutic and pharmacotherapeutic treatments
limited in providing full and lasting remission
from PTSD.

As discussed below, some recent studies assessed
the combination of psychotherapy and pharmaco-
therapy, in order to achieve better results in
treating PTSD. In this review, we summarize extant
literature regarding the potential clinical benefits
associated with ketamine infusion and how it
may help augment current trauma-focused psycho-
therapies such as prolonged exposure. Ketamine
was first found to promote rapid improvement in
depressive patients [25] and has been studied as a
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potential treatment to other associated disorders,
such as PTSD. Existing psychotherapies and

pharmacotherapies for PTSD will be described
briefly below as a basis for review.

Current treatments

Currently, several psychotherapies and pharmacological treatments are
considered as evidence-based treatments (EBP) for PTSD. According to
APA, the National Institute for Care and Health Excellence (NICE), and
the Department of Defense/US Department of Veterans Affairs (DoD/
VA) guidelines [14, 26, 27], evidence-based psychotherapy is the rec-
ommended intervention for PTSD patients. Strong evidences for CBT,
CPT, CT, and PE suggest using one of these as a first-line treatment for
PTSD. The latest DoD/VA guidelines also added strong recommenda-
tions for eye movement desensitization and reprocessing (EMDR; [28]),
brief eclectic psychotherapy (BEP; [29]), narrative exposure therapy
(NET; [30]), and written narrative exposure [27]. Briefly, the common
ground of all these recommended psychotherapies is that they are
trauma-focused therapies that include components of psychoeducation,
exposure, and cognitive strategies in the treatment of PTSD.

When individual psychotherapy is not available or not preferred,
these guidelines suggest the use of pharmacotherapy, with recommen-
dations for sertraline, paroxetine, fluoxetine, or venlafaxine as mono-
therapies. While APA guidelines give the score of “moderate” to “low”
evidence for all of the above pharmacotherapies, DoD/VA guidelines
strongly recommend them (in the absence of individual psychotherapy).
Other pharmacotherapies have either no or weak evidence. DoD/VA
guidelines recommend strongly against the use of divalproex, tiagabine,
guanfacine, risperidone, benzodiazepines, ketamine, hydrocortisone, or
D-cycloserine, cannabis, or cannabis derivatives as monotherapy due to
the lack of strong evidence for their efficacy and/or known adverse effect
profiles and associated risks.

Augmenting psychotherapy with ketamine

As mentioned earlier, although efficacious, most treatments for PTSD are
limited, with reported limited remission, resulting in large proportion of
patients who do not remit and still meet diagnostic criteria for PTSD at
the conclusion of treatment [19, 20•, 21–24]. Consequently, clinicians
and researchers have examined augmentation therapies in which psy-
chotherapeutic and pharmacotherapeutic interventions are combined. To
date, however, studies examining the effect of PE augmentation with
SSRIs found little to no effect [21, 31, 32]. Thus, in the next section, we
will describe a promising emerging combined treatment of ketamine
infusion + PE (KPE). As part of the role of the glutamatergic system in
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PTSD, we will also briefly discuss another partial NMDA agonist D-
cycloserine (DCS) that may enhance psychotherapy [33].

Ketamine

There is increasing evidence which points to the significant role of the gluta-
matergic system in the pathophysiology of PTSD [34]. Preclinical studies in rats,
for example, found that under conditions of acute stress, there is a significant
increase in glutamate transporters in the amygdala, hippocampus, and the
prefrontal cortex (PFC). Irregularity in glutamate levels in the hippocampus and
PFC has been implicated in animal models of PTSD [34]. The PTSD-glutamate
connection may be rooted in the crucial role of NMDA receptors in the
neuroplasticity of learning and memory [35]. In this respect, Bailey et al.
suggested that NMDA agonists may help to enhance fear extinction among
individuals diagnosed with PTSD [36].

Ketamine is a glutamate NMDA receptor antagonist, mostly used as an
anesthetic [20•]. In contrast to DCS, an agonist for the NMDA receptor, keta-
mine is known for its dissociative properties. Interest in ketamine as a possible
treatment for PTSD began when it was found to alleviate depressive symptoms
[25, 37]. The potential effect of ketamine on PTSD and depression is supported
by animal studies demonstrating that exposure to chronic stress causes atrophy
in limbic brain regions associated with mood and fear learning, including the
hippocampus, amygdala, and PFC [38–40]. Accumulating evidence also sug-
gests that ketamine, in sub-anesthetic doses, promotes neurogenesis [39, 41•],
cell proliferation [42], and synaptogenesis [39, 43].

Although PTSD symptoms are multifaceted, at its core, the disorder is
associated with overgeneralization of fear responses and deficits in
memory reconsolidation process in which the original trauma is “forev-
er” stored in its original form and is resistant to spontaneous modifi-
cations after trauma recollection. Fear learning is a conditioned learning
in which a previously natural cue (CS) was associated with an aversive
(painful, life threatening, etc.) occurrence (US). After an association is
established, the individual will respond to appearance of CS in a similar
manner to that of the original US [44]. Extinction is the attenuation or
disappearance of a previously learned response, after lack of association
was present. Some theories contend that PTSD is basically a failure in
extinction learning. Some studies have found that PTSD patients have
impaired extinction learning [45, 46] or in learning in general [47] that
is associated with heightened amygdala and sympathetic activity.
Reconsolidation is a process that initiates destabilization of a memory,
followed by a protein-synthesis–dependent restabilization phase, during
which memories are activated into a labile state and can be stored in an
altered form [48, 49]. Thus, after invoking CS, a specific time frame is
open in which updating of the memory is possible [48, 50]. The
amygdala and hippocampus were found to be associated with
reconsolidation [48, 51].

Both extinction and reconsolidation play an important role in PTSD
and many treatment agents target these processes in order to alleviate
PTSD symptoms [44]. Indeed, studies have found that trauma-focused
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psychotherapies (such as PE, TF-CBT, and EMDR) affect brain regions
associated with fear extinction and reconsolidation, such as the amyg-
dala, hippocampus, ventral PRF, and ACC [44, 52].

Pharmacological agents have also been suggested as a potential enhance-
mentmechanism for extinction and reconsolidation. Fear extinction is linked to
N-methyl-d-aspartate (NMDA) glutamatergic receptor activity in the basolateral
amygdala, and as such, D-cycloserine (DCS), a NMDA receptor agonist, was
suggested as a possible pharmacotherapy to facilitate fear extinction [44, 53].
Ketamine was also suggested as a potential initiator of reconsolidation, espe-
cially as it is also enhancing neurogenesis and synaptogenesis (as discussed
above). A recent study [54] found that infusion of ketamine after learned fear
reduced the fear-associated behavior of mice. Further, while brain-derived
neurotrophic factor (BDNF) levels in the hippocampus were lower in rats after
exposed to chronic stress, this effect was reversed by ketamine infusion [54].
Furthermore, [55] another study found that a single ketamine infusion of
15 mg/kg in rats alleviated PTSD-like symptoms by increasing the levels of
BDNF in the PFC.

In the past few years, studies have showed converging evidence of
reconsolidation [49, 50, 56, 57], which is important in fear learning and
extinction [49, 50]. Recently, studies have found that neurogenesis plays an
important role in reconsolidation [58, 59]. For example, Duclot et al. (2016)
found that a single 10 mg/kg infusion of ketamine diminishes reactivation of
feared memories in rats [60]. Thus, it seems that the use of ketamine might
enhance the ability for memory reconsolidation and extinction, which may in
turn help alleviate PTSD symptoms. Additional details regarding the role of
ketamine in promoting synaptogenesis and neurogenesis are provided else-
where [39, 61].

A few studies examined the effect of ketamine in anesthetic doses in miti-
gating PTSD symptoms in humans [62, 63]. These studies found that patients
receiving ketamine (as part of a medical procedure) in anesthetic levels reduced
severity of PTSD symptoms relative to non-ketamine-infused patients. A single
case study reported that infusion of ketamine (as a treatment for depression)
caused rapid and significant alleviation in PTSD symptoms that lasted for
15 days [64]. In 2014, Feder et al. published the first known RCT for ketamine
as treatment for PTSD. In this crossover design study, individuals with PTSD
were randomly assigned to two distinct groups: one group received a single
infusion of ketamine (0.5 mg/kg infused over 40 min); the second group
received a single infusion of midazolam (0.045 mg/kg over 40 min); midazo-
lam was chosen due to its pharmacokinetic parameters and its non-specific
behavioral effects are similar to those of ketamine. Two weeks later, the groups
received the secondmedication. Results of this study indicated that PTSD levels
were significantly lower after one infusions of ketamine. The effect persisted up
to 7 days after infusion [65]. Feder et al. also assessed levels of dissociative
symptoms associated with ketamine infusion, as this is a known risk in the
treatment. They found that dissociative symptoms (when occurred) had peaked
after 40 min and were fully resolved after 120 min. In 2018, Albott et al.
studied the effect of repeated ketamine infusions on PTSD and treatment-
resistant depressed patients [66]. In this study, 15 patients who suffered from
both treatment-resistant depression (TRD) and chronic PTSD received 6 intra-
venous infusions (0.5 mg/kg for 40 min) for 2 weeks. Patients were monitored
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for side effects before infusion and 40,100 and 160 min after infusion. Changes
in PTSD and depressive symptoms were assessed using the PTSD Checklist for
DSM-5 (PCL-5) [67] and Montgomery-Asberg Depression Rating Scale
(MADRS) [68], respectively. At the end of treatment, 80% of patient had full
remission of PTSD (PCL scores G 33). Median time to relapse, however, was
41 days, thus suggesting that although very effective, the treatment effect is
transient.

Recently, a small study reported on the effect of combining ketamine
infusion with mindfulness-based psychotherapy for PTSD. In this study, 20
patients were divided into two groups. The first group received one infusion of
ketamine (0.5 mg/kg over 40 min); and the second group received saline. The
patients received mindfulness-based psychotherapy, with the first treatment
session during the infusion, two consecutive short session within a week after
the infusion, and then 9 weekly sessions. Results revealed that the group that
received ketamine showed reduced symptoms and longer lasting effect (34 ±
19 days) in comparison to the saline group (16 ± 11) [69]. Results of this study
provide preliminary support for combining ketamine with psychotherapy to
alleviate PTSD symptoms with longer lasting effect.

As ketamine was found to be associated with neurogenesis, synaptogenesis,
and cell proliferation, all promote learning and extinction, it is reasonable to
test the effect of ketamine on extinction-based treatment in humans, as a
possible enhancer for this treatment. Thus, ongoing studies are assessing the
efficacy of ketamine+PE (KPE) as a possible combined treatment for PTSD. A
search in ClinicalTrials.gov for ketamine and PTSD yielded 13 results, of which
four are not associated with PTSD, two completed the study (only ketamine
infusion, without psychotherapy), one reported withdrawal, three unknown
status, and three currently recruiting (one study also includes psychotherapy).
Out of which, only two studies reported results [65, 66]. Other than that, no full
scope clinical trial was published yet—as ketamine and PE seem like a prom-
ising future therapy, more studies should be conducted in order to provide
evidence for the efficacy of this treatment approach.

Although the focus of this paper was to highlight the potential of ketamine
to enhance the effectiveness of trauma-focused psychotherapy, it is important to
note that there is one additional partial NMDA receptor agonist that may assist
in the treatment of PTSD.

D-Cycloserine

D-Cycloserine (DCS) is a partial agonist at N-methyl-D-aspartate (NMDA)
receptor. Antagonists for NMDA receptors have been found to block fear
learning, thus suggesting that these receptors are associated with fear
learning [70]. As extinction is also a form of new learning, researchers have
hypothesized that NMDA agonists may help promote learning and in turn
help mitigate PTSD symptoms [71]. DCS was studied as enhancer for PE
and specifically virtual reality using PE (VPE). Details of the therapy can be
found in [71]. Although a study found that DSC group (compared to
placebo) had less PTSD symptoms in a 6-month follow-up [72], other
studies failed to find a difference between DCS group and placebo or
alprazolam groups [53] and one study even found that DCS group had
poorer outcome, compared to placebo [71]. Recently, a review paper
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addressed the RCT that studied the effect of DCS-augmented psychotherapy
on individuals with PTSD [73]. Although some trials showed a promising
effect of DCS-augmented therapy [72], recent studies showed little to no
effect, compared to placebo augmentation or only psychotherapy [53, 71].
Thus, although promising, it seems that there is currently inconclusive
evidence regarding the efficacy of D-cycloserine as augmentation therapy
for PTSD.
As augmented trauma-focused psychotherapies is an emerging research
field, other potential candidate agents such as oxytocin, MDMA, and yo-
himbine, among others, are currently under investigation worldwide, and
have the potential to advance psychotherapy outcomes and retentions.

Conclusions

In this paper, we reviewed common interventions for PTSD. As of now, most
suggested treatments have remission rates of about 40–70%.With that inmind,
a new approach is presented here—enhancing psychotherapy withmedications
in order to achieve better (and sometimes faster) remission rates. Although
some of these have shown promising results, there is a need of more RCTs in
order to conclude the efficacy of each of the treatments.

Ketamine, a glutamate NMDA receptor antagonist, was found to promote
extinction and alleviate PTSD-like symptoms in animal models [54, 55]. It is
assumed that the ketamine mechanism of action is associated with increasing
neurogenesis and BDNF levels in limbic areas of the brain (mainly, amygdala
and hippocampus). Ketamine is used as a possible treatment for depression,
with promising results [25, 37]. We presented three studies (one RCT) that
examined the effect of ketamine infusion on PTSD levels. It seems that although
there is rapid improvement, the symptom alleviation does not last for long. As
the supposed mechanism of action in ketamine may affect memory
reconsolidation, learning and more specifically, extinction learning, further
research is needed to evaluate the efficacy of ketamine as an enhancer for
extinction-based psychotherapies for PTSD (e.g., PE).

To summarize, as there is an urgent need for new and more effective
approaches for treatment of PTSD, to date, not a single agent was developed
exclusively for the treatment of PTSD. Augmenting psychotherapy with novel
pharmacological agents to enhance therapeutic outcomes appears to be a
promising direction that deserves further attention in larger clinical trials.
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