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Opinion statement

Purpose of review The management of treatment-resistant posttraumatic stress disorder
(TRPTSD) is a complex clinical challenge, and many patients may continue to endure a
heavy symptom burden, even despite the best available treatments. We review the recent
literature to provide an update on the evidence base and offer guidance to clinicians on
available approaches, including a number of novel and emerging options.
Recent findings If adequate trials of treatment with first-line antidepressants (SSRIs or
venlafaxine) or trauma-focused psychotherapy have failed, dosage increase,
switching to an alternative first-line option, or combining medication and psycho-
therapy are reasonable initial approaches. If these remain insufficient, augmentation
strategies should be offered, including addition of second-generation antipsychotics
(such as risperidone) or the adrenergic antagonist prazosin (especially if sleep
disturbance or nightmares are problematic). Further options include the use of other
antidepressants (most notably mirtazapine, duloxetine, and trazodone), and the
anticonvulsants topiramate or lamotrigine, though the evidence for these is relatively
weak. Having tried all these possibilities, the clinician may wish to suggest comple-
mentary approaches such as yoga, mindfulness meditation, or acupuncture for symp-
tom reduction and overall well-being. Emerging alternatives, if available, could also
be considered, such as augmentation of exposure therapy with d-cycloserine or
MDMA, or the use of device-based brain stimulation (such as transcranial magnetic
stimulation), though the evidence for these is still preliminary.
Summary Comprehensive assessment of TRPTSD, including a thorough evaluation of
associated comorbidity, should inform individualized care, incorporating a process of
shared decision-making. Despite the complex clinical challenge of TRPTSD, clinicians
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should remain hopeful however, that translational neuroscience and clinical trials of
emerging approaches will allow progressively better treatment alternatives to be
established.

Introduction

Posttraumatic stress disorder (PTSD) presents after a
severely traumatic experience with symptoms from four
clusters: intrusion experiences (such as flashbacks and
nightmares), avoidance (of trauma-related stimuli), neg-
ative alterations in mood and cognition (such as mem-
ory disturbance or inability to experience positive emo-
tions), and alterations in arousal and reactivity (includ-
ing hypervigilance and sleep disturbance) [1]. These
symptoms cause distress and result in functional impair-
ment [2••, 3]. Comorbid conditions are frequently pres-
ent, most notably depressive, anxiety, and substance use
disorders [4, 5], adding considerably to the disease bur-
den. The lifetime prevalence of PTSD is approximately
3.9% globally [6], though it is higher in certain popula-
tions such as combat-exposed veterans, where it may be
as high as 24% [7]. Despite a range of efficacious treat-
ments [8••, 9], PTSD is frequently chronic and treat-
ment resistant [10•].

While there is no standard definition for treatment-
resistant PTSD (TRPTSD), a pragmatic view is that it is
the persistence of PTSD despite adequate first-line treat-
ment (including antidepressants and/or cognitive-
behavioral therapy) [10•]. Only approximately 20–
30% of patients achieve full remission following the
use of first-line therapies [11], and while an additional
30–40% experience partial improvement, this still
means that 70% are resistant to first-line treatment.

Though the demographic and clinical characteristic
of TRPTSD still needs to be clarified, several known risk
factors may be clinically relevant [2••, 10•, 12]: combat-
related PTSD, and PTSD in refugees, may be more treat-
ment resistant; a long duration since trauma exposure
and chronically untreated symptoms predicts non-

response as does severity of PTSD; and comorbid de-
pression may increase treatment resistance, especially if
suicidality is prominent. In terms of specific symptoms,
psychosis is a sign of severity and predicts resistance
[10•, 13], while sleep disturbance (including as a result
of nightmares) is a hallmark PTSD symptom that is
particularly refractory [2••, 14•]. On the other hand,
an internal locus of control and problem-focused as
opposed to emotion-focused coping in the wake of
trauma, as well as strong social support, may be protec-
tive against TRPTSD [2••].

To inform best practice, and assist in developing new
treatments, neurobiological research continues to be
undertaken, and the Research Domain Criteria (RDoC)
framework emphasizes the potential value of transla-
tional approaches to PTSD [15, 16•]. Alongside the role
of monoamine neurotransmitters (serotonin, noradren-
aline, and dopamine) in PTSD pathophysiology [16•,
17, 18], the glutamatergic system is recognized as of
central importance [19], particularly given its role in
learning and memory processes essential for fear acqui-
sition and extinction [2••, 20]. In addition, on the
macro-systems level, neuroimaging suggests an imbal-
ance between amygdala hyperactivity and ventromedial
prefrontal cortex (vmPFC) hypoactivity in PTSD that
contributes to fear acquisition, behavioral dysregula-
tion, and hyperarousal [2••, 21]. While these findings
are not specific to TRPTSD, they may nevertheless be
useful for conceptualizing the disorder, and addressing
intervention [22]. After briefly reviewing standard treat-
ments, and presenting a practical approach to treatment
resistance, this chapter focuses on options for managing
TRPTSD.

Treatment
Review of first-line treatments for PTSD

A number of treatment goals in the management of PTSD are useful to
keep in mind: relieving core symptoms, treating comorbidity, reducing
functional impairment, preventing relapse, and improving quality of life
[23]. Towards these ends, it is important that evidence-based first-line
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therapies have been tried, before turning to next-step options for those
with resistant symptoms.

Many individuals with PTSD are inadequately treated [6, 24, 25], meaning
that a substantial proportion with chronic and seemingly resistant symptoms,
may not in fact be treatment resistant, but may instead not have received
efficacious treatment. In the absence of adequate past treatment with
evidence-based therapies, treatment resistance should not be inferred, and
instead appropriate first-line therapy should be initiated.

Based on increasingly robust evidence, trauma-focused cognitive-behavioral
therapies (such as prolonged exposure—PE—and eye movement desensitiza-
tion and reprocessing—EMDR), and a selection of antidepressants (specifically
the SSRIs sertraline, paroxetine, and fluoxetine, and the SNRI venlafaxine) are
efficacious evidence-based therapies for PTSD [8••, 9, 26–29]. Effect sizes for
psychotherapy are greater than for medication [27••], but this may reflect the
infrequent use of good active comparators in psychotherapy trials [8••]. Thus,
depending on availability of adequately trained psychotherapists, and individ-
ual patient factors (such as comorbid illness), any first-line evidence-based
treatment option can be initiated, and symptom response monitored over an
adequate period. The use of standardized rating scales such as the Clinician-
Administered PTSD Scale (CAPS) is a systematic means of assessing treatment
response, which can guide treatment and should be encouraged.

Having initiated evidence-based treatment, some choose response as an
acceptable goal; this being defined as a 30% or greater reduction in CAPS score,
or a score of 1 (very much improved) or 2 (much improved) on the Clinical
Global Impressions Scale-Improvement item [10•, 11]. However, for severe
PTSD, even a 30% reduction in symptoms can still mean a substantial ongoing
burden (Berger et al., 2009). For this reason, and in both clinical and research
settings, the goal of treatment should be remission [2••], which would be a
reduction in CAPS score to ≤ 20 [10•, 11]. Not achieving remission arguably
indicates some degree of treatment resistance.

An approach to treatment resistance
For the 70% of patients who do not achieve full remission despite use of first-
line treatments, a number of important factors should be considered before
determining the best next-step—please see the algorithm in Fig. 1 which sum-
marizes a practical approach.

The first is to review the diagnosis and clarify problematic target symptoms.
While the characteristic trauma and well-defined symptoms of PTSD should
make the diagnosis relatively straightforward, mistakes may have occurred.
Methodical review of the history and mental state examination, as well as
gathering collateral information, will confirm the diagnosis, while also identi-
fying comorbid disorders and other factors influencing treatment-planning.
Important differential diagnoses include adjustment disorders, acute stress
disorder, anxiety disorders and obsessive-compulsive disorder, major depres-
sive disorder, personality disorders, dissociative disorders, psychotic disorders,
and neurocognitive disorders [1]. Comprehensive assessment of sleep distur-
bance (including the extent of nightmares) is essential, given that it is a com-
mon and refractory symptom, which contributes to the persistence of illness
and functional impairment [14•, 30].
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The majority of those with PTSD have at least one comorbid mental
disorder, and many have three or more [4]. Psychiatric comorbidity is
important because of the additional symptom burden, effects on adher-
ence or engagement with treatment (e.g., due to low motivation from
depression), and the possibility of drug interactions with pre-existing
medication. The most commonly encountered psychiatric comorbidities

Fig. 1. A practical approach to the management of treatment-resistant PTSD.
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are depressive, anxiety, and substance use disorders [4, 5], and there can
be considerable symptom overlap with PTSD, making diagnosis more
challenging. Comorbid physical disorders, including chronic pain, are
also more likely [2••]. Missed or inadequately managed comorbid con-
ditions can easily be part of the explanation for apparent treatment
resistance and chronic functional impairment, and recognizing this
guides successful individualized care.

The second step is thoroughly reviewing past treatment response and
assessing whether there was adequate adherence for it to have been
effective. [33•] suggest that 80% adherence, equating to correct medica-
tion use on 6 out of 7 days of the week, would ensure adequate exposure
to therapy. There are multiple reasons for poor adherence, including poor
insight, problems relating to access or financial constraints, impaired
understanding of the medication regime, problematic side effects, or
other unacceptable consequences of treatment (such as extreme distress
experienced by some during exposure therapy) [31•]. Several of these
may be relevant at once, and by successfully addressing barriers to ad-
herence, the clinician may facilitate patients gaining substantial benefit
from treatment without needing to resort to second-line or augmentation
strategies. Ongoing monitoring of adherence, and education about cor-
rect medication use, should remain a basic component of clinical care
plans.

Finally, it is important to ensure that the dose and duration of treatment
have been adequate [10•, 12]. While high dose prescribing is found in clinical
practice, and a wide range of doses have been used in clinical trials, there is no
clear evidence to support high-dose antidepressants in PTSD [9, 32], but at least
a minimum effective dose should have been used [33•]. The ideal duration of
treatment trials is not clear; and while [33•] recommended that at least 8 weeks
of pharmacological treatment, and six psychotherapy sessions should be ade-
quate, others have recommended medication trials of up to 12 weeks [34].

Having followed this systematic approach, the clinician should have clari-
fied if a patient is genuinely treatment resistant, and whether associated factors
such as comorbid conditions and specific symptoms are problematic. This
provides an important foundation for individualized treatment, as the evidence
base for next-step approaches is limited [8••, 10•].

Next-step and augmentation strategies for treatment resistance
Managing TRPTSD requires balancing the desire to reduce the symptom
burden and functional impairment endured by sufferers with a degree of
uncertainty about the best treatment due to the relatively limited evidence
base [8••, 27••]. A rational approach should involve detailed assessment
as already described, followed by an individualized treatment plan. The
intervention choices in any individual case should depend on particular
target symptoms and recovery goals identified by the patient and the
clinician through a process of shared decision-making [8••]. Treatment
should be regularly monitored, and if there is no clear benefit, it should be
modified. In particular, if there is no response to a new medication after an
adequate period, it should be tapered and discontinued, so as to avoid
unnecessary side effects.

Management of Treatment-Resistant Posttraumatic Stress Disorder Starke and Stein 391



Next-step strategies employing first-line therapies
As an initial step, three relatively simple options may be worth considering:
dosage increase of an existing SSRI or SNRI antidepressant, sequential mono-
therapy with first-line antidepressants, or the combination of first-line pharma-
cological and psychotherapeutic treatments.

As mentioned, there is no clear evidence for high-dose antidepressants in
PTSD, and minimally effective doses, or low to moderate doses, are usually
recommended [9, 33•]. However, when an agent is well-tolerated, and there has
been a partial response, dose titration within the established safe range of that
agent could provide further relief. This approach might be particularly worth-
while in the context of comorbid depressive and anxiety disorders, which if also
partially treated, may respond further with higher doses [34, 35]. The extended
neurotransmitter effects of venlafaxine at higher doses is also noteworthy [36].
Higher dosing, andwhich antidepressants would offer benefit when used in this
way, has not been rigorously studied in TRPTSD however, so this approach
remains speculative pending further evidence.

The idea of sequential monotherapy also originates from the mood and
anxiety disorder literature, which indicates that non-response to one SSRI does
not necessarily mean that another will not work, and there may be a good
response with an alternative agent [29, 37]. For example, a case report of
TRPTSD noted that switching to venlafaxine resulted in improvement even after
several SSRIs failed [38]. More robust confirmation of this encouraging finding
is needed, but as this strategy carries little additional risk, and SSRIs and
venlafaxine remain the most evidence-based pharmacological treatment op-
tions for PTSD [8••, 9, 28•], empirical trials seem acceptable pending further
investigation as to the most effective sequence of antidepressants [12, 26].

The combination of a first-line antidepressant, such as an SSRI, with a first-
line psychotherapy, such as PE, after a poor response to either alone, is a third
approach with empirical support. Even when not able to produce remission,
antidepressants can reduce the intensity of symptoms [12], particularly anxiety,
which may allow patients to successfully complete exposure therapy if it has
previously been intolerable. It is attractive to imagine that combining two
efficacious treatments results in an even more effective overall treatment, but
the evidence for this approach is mixed. In patients who failed to adequately
respond to PE, the addition of paroxetine did not produce significant further
improvement [39], while when PE was added for those already on sertraline,
there was further improvement, though only in those who had shown a partial
response to medication [40]. In research on those with explicitly defined
TRPTSD, combining sertraline and CBT was more effective than sertraline alone
[41], an encouraging finding that awaits replication in larger trials. As this is
again a relatively low-risk strategy, it may be warranted before progression to
riskier alternatives, though recent recommendations emphasize the poverty of
the evidence base [8••].

Pharmacological augmentation of first-line antidepressants
The addition of medication from other classes to ongoing treatment with
antidepressants is a frequently used strategy for TRPTSD [13]. The evidence is
inconsistent, however, as to the benefits of this approach, and both meta-
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analyses and clinical practice guidelines can be divided into those which sup-
port augmentation [9, 26, 29, 34, 42], and those which do not [8••, 27••, 28•,
43]. These conflicting reports indicate the need for more definitive studies.

From a neurobiological perspective, augmentation of antidepressants with
agents targeting different neurotransmitter systems would appear justifiable,
especially given the complexity of the underlying abnormalities [17, 18, 22]. In
particular, targeting dopaminergic and noradrenergic processes augments the
predominantly serotonergic effects of the antidepressants, which may assist in
more effectively targeting all symptom clusters [2••, 13].

The most common pharmacological augmentation in PTSD is with second-
generation antipsychotics (SGAs). Risperidone has been the most thoroughly
investigated in RCTs and is probably themost frequently prescribed, though the
evidence is inconsistent. Two meta-analyses determined that risperidone is
effective as an augmenting agent [9, 26], while others have judged the evidence
inadequate, emphasizing concerns about study bias, and the high risk of
metabolic derangement [27••, 28•, 44]. Risperidone augmentation is, howev-
er, currently recommended in several clinical practice guidelines [29, 34, 42].

Olanzapine augmentation has been investigated in TRPTSD in one RCT,
which found statistically significant improvements in PTSD symptoms includ-
ing sleep measures, though the effects were judged not clinically significant,
given that clinical global impression scores were unchanged [45]. There have
also been open-label trials of quetiapine augmentation, and while these were
positive, methodological weaknesses, including the absence of placebo controls
and blinding procedures, are concerns [46, 47]. As with risperidone, metabolic
derangement is common with olanzapine and quetiapine and should be care-
fully evaluated. Clozapine and aripiprazole have also been investigated, and
while there have been encouraging findings, especially for aripiprazole in
TRPTSD [48], the effect sizes are small and the quality of evidence low [10•].

The inconsistent results and low quality of evidence for SGA augmentation
in PTSD have resulted in increasing caution regarding their use [27••], and
while still included in some treatment guidelines [29, 42], they have been
excluded from some recent recommendations [8••, 43]. Pragmatically, the
clinician may still employ SGAs in certain circumstances, the most obvious
indication being the presence of psychotic symptoms, present in up to 40% of
patients with PTSD [13]. They may also be valuable for comorbid treatment-
resistant anxiety or mood disorders [29, 49], as well as for associated insomnia
or aggression [11, 13, 50, 51•]. Given the inconsistent evidence-base, initiating
SGAs should be approached as a carefully monitored, time-limited treatment
trial with specific goals. Metabolic monitoring is essential, and if significant
derangement occurs, or if there is no symptomatic improvement, these medi-
cations should be discontinued.

In contrast to the concerns relating to SGA use, a more straightforward
augmentation strategy is the addition of the alpha-1 adrenergic antagonist
prazosin. Given that adrenergic hyperactivity may underlie hyperarousal symp-
toms [18], and the finding of abnormal adrenergic processing in the amygdala
in PTSD [2••], this approach is consistent with the neurobiological evidence.
Prazosin produces significant improvements in sleep and nightmares—two
very common and treatment-resistant symptoms [52, 53]. There is also evidence
that it improves PTSD symptoms overall in civilian and combat-veteran popu-
lations [53–55], and adding a daytime dose increases the benefit [56]. The

Management of Treatment-Resistant Posttraumatic Stress Disorder Starke and Stein 393



benefits of prazosin are supported by two recent meta-analyses [9, 27••], with
one concluding that it was the only augmentation agent to show significant
benefit vs. placebo [27••]. So, while the use of prazosin is still not uniformly
recommended [8••], patients with prominent nightmaresmay deserve a trial of
prazosin [2••]. Given that it is well-tolerated [54] and that it helps significantly
for two very problematic PTSD symptoms; it has even been suggested that
prazosin be regarded as a first-line treatment in PTSD with disturbed sleep
[2••]. Important practical points include regular blood pressure monitoring
and keeping in mind that the dosage range is wide (1—45 mg/day), and
titration to effect over several weeks may be required.

A final augmentation strategy is with the anticonvulsant topiramate, which
has broad effects potentially relevant in PTSD, including increasing gamma-
aminobutyric acid (GABA) levels, enhancing GABA receptor function, and
glutamate NMDA receptor antagonism [57]. Anticonvulsants as a class may
not be efficacious in PTSD [26, 27••], and the evidence on topiramate is
inconsistent. Topiramate has shown benefit for reducing overall symptoms in
a clearly defined group of combat-related TRPTSD patients [58], but there is
also a negative RCT in combat-veterans [59]. While additional investigation of
topiramate is needed in PTSD, given the encouraging effect size in the larger of
the two trials [58], support frommeta-analysis [26, 44], and the potential value
of topiramate for comorbid alcohol and substance use disorders [60], it may
warrant a treatment trial in select cases.

Other medication approaches
A wide range of other pharmacological options has been investigated for the
treatment of PTSD, including other antidepressants as monotherapy or aug-
mentation (such as mirtazapine, nefazodone, tricyclic antidepressants, mono-
amine oxidase inhibitors, or trazodone); SGA monotherapy (with risperidone,
olanzapine, and quetiapine); anticonvulsants asmonotherapy or augmentation
(notably divalproex, tiagabine, lamotrigine, topiramate, and levetiracetam);
anxiolytic-hypnotics (specifically benzodiazepines, and buspirone); other ad-
renergic agents (clonidine, guanfacine, and propranolol); and the mood stabi-
lizer lithium.

Of the antidepressants, there are conflicting meta-analytic findings relating
to nefazodone [26, 27••], and this agent is also associated with hepatotoxicity
[8••]. Mirtazapine has been investigated as an adjunct to sertraline in a single
RCT, with the study showing significantly greater remission rates [61], albeit not
in TRPTSD. There is some low-quality evidence suggesting benefit from trazo-
done for sleep difficulty, but again, this was not exclusively in TRPTSD [62, 63].
Duloxetine has been studied in TRPTSD with comorbid major depressive
disorder and led to significant improvements in PTSD symptoms and depres-
sion [64]. Apart from these four agents, whichmay reasonably be considered as
second- or third-line choices [8••, 42], other antidepressants have not been
systematically evaluated in TRPTSD or the quality of evidence is low [2••], and
they are not recommended in recent practice guidelines [8••, 43], although they
could be considered for comorbid depression or anxiety disorders.

In addition to their use as augmenting agents, SGAs have also been inves-
tigated as PTSD monotherapy, though research has not necessarily been in
TRPTSD. While there is some support for risperidone, olanzapine, and
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quetiapine monotherapy, effect sizes are modest [27••, 65], and whether these
agents can help in clearly defined TRPTSD is untested. Thus, they are currently
recommended as third-line strategies [42]. If a treatment trial is planned,
metabolic side effects must be carefully monitored.

Collectively, anticonvulsants are not efficacious treatments for PTSD [26,
27••, 66], and there is insufficient supporting evidence to recommend
divalproex or tiagabine [8••, 29, 43]. However, topiramatemay provide benefit
as monotherapy in addition to its value as augmentation of antidepressant
treatment [67, 68]. That said, it has not been studied in a TRPTSD sample.
Lamotrigine monotherapy has also shown benefit in PTSD, but again, this was
not in a TRPTSD sample [69]. Levetiracetam improved symptoms in TRPTSD
[70], in a retrospective series, but has not been studied in a rigorous RCT.
Closely monitored trials of topiramate or lamotrigine monotherapy may be
justifiable as third-line options in certain patients [42], though any potential
benefits must be balanced with the known risk of side effects [18].

Benzodiazepines are not efficacious in PTSD [9, 26], and apart from con-
cerns about dependence, may disrupt psychotherapy due to their negative effect
on cognitive processing [11, 18]. They are therefore not recommended in
TRPTSD [8••]. Buspirone has shown value in an open-label trial as an augmen-
tation agent in TRPTSD [71], but given the lack of subsequent replication, is not
yet recommended [8••].

The benefits of prazosin, noted earlier, are not indicative of a class effect for
adrenergic agents, as while guanfacine, clonidine, and propranolol have all
been investigated, including in RCTs and open-label studies [2••, 11, 18], there
is no evidence to suggest benefit in TRPTSD [2••, 10•, 72].

Finally, lithium has been shown, based only on evidence from case reports,
to reduce anger, irritability, and suicidality in PTSD, albeit having no direct
effect on core PTSD symptoms [2••, 73]. This is a promising finding, but needs
to be confirmed in a rigorous RCT before lithium can routinely be
recommended.

Novel and emerging treatments

Complementary and alternative medicine
Alongside conventional treatment, there is some evidence that complementary
and alternative medicine (CAM)may be valuable in PTSD [74, 75]. While there
are important criticisms of this evidence base, in particular the weak method-
ologies of many of the studies [76], the potential benefits of CAM include low
cost, reduced side effects, and empowering self-management skills [74]. Yoga,
meditation, and acupuncture are three of themost widely used interventions for
not only reducing PTSD symptoms, but also contributing to significant im-
provements in daily functioning and well-being [74, 75].

When offered in the context of TRPTSD in women, yoga improved PTSD
symptoms [77, 78], a benefit which was sustained if yoga was practiced over the
long term [79]. Mindfulness meditation also relieved PTSD symptoms in a
small study which applied a modified mindfulness-based cognitive therapy
approach [80]. Finally, acupuncture resulted in significant improvements in
PTSD symptoms, as well as improving depression, pain, and physical and
mental health functioning [81], with a systematic review and meta-analysis
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concluding that the evidence for acupuncture was encouraging [82].
These approaches, while not yet sufficiently evidence-based to form part of

standard guidelines, may nevertheless be valuable in TRPTSD and should be
considered for patients who are willing to engage with alternative routes to
symptom reduction and improvement in overall well-being. Methodologically
robust research will help clarify the role of these treatments [76].

Emerging pharmacological options
Based on increasing understanding of the neurobiology of PTSD, several novel
pharmacological treatments are being investigated [16•, 22]. Initially used for
treatment-resistant depression [83], the glutamate NMDA receptor antagonist
ketamine given as a single infusion produced rapid and significant improve-
ments in PTSD symptoms, though these were relatively short-lived [84]. Ques-
tions relating to dose, timing, and the need for repeated infusions need to be
resolved, but ketamine could be useful in acute or initial treatment, including in
TRPTSD, and further studies are warranted [2••, 22].

Motivated in part by preclinical research which highlights HPA-axis dysreg-
ulation in PTSD [85], glucocorticoids have been studied both as preventative
agents, and for augmentation of psychotherapy due to their role in memory
reconsolidation processes relevant for fear acquisition and extinction [86, 87].
Though they have not yet been systematically investigated in TRPTSD, promis-
ing findings from two RCTs suggest they could become a valuable adjunctive
treatment [88, 89].

Apart from glucocorticoids, two novel pharmacological agents have recently
attracted attention because of their potential to enhance the effects of exposure
therapy. D-cycloserine (DCS), a glutamate NMDA receptor partial agonist, may
enhance fear extinction, provided this has occurred during the exposure ses-
sions [17]. There is currentlymixed evidence on the benefits of DCS, with both a
positive [90•] and a negative [91•] meta-analysis. In addition, there are ques-
tions about patient selection, dosage, and timing of administration which
remain to be answered [8••]. As a result, while some patients may benefit
[92], and there is a neurobiological framework for the use of DCS [20], it is
not currently recommended outside of research settings [8••, 22].

Similarly, though by quite different mechanisms, the stimulant-
hallucinogen methylenedioxymethamphetamine (MDMA) has also been
shown to enhance the effects of exposure therapy [31•]. MDMA-assisted psy-
chotherapy has shown particular value in TRPTSD [93•, 94]. MDMA acts on
multiple brain systems relevant to PTSD, including serotonergic, noradrenergic,
and dopaminergic receptors, and the HPA axis, and promotes the release of the
pro-social hormone oxytocin [31•]. Functional neuroimaging also indicates
that it may alleviate amygdala hyperactivity, a core dysfunction of PTSD [95].
It improvesmood, reduces anxiety, and enhances cognitive flexibility and social
engagement, bringing patients into an “optimal arousal zone” for intensive
psychotherapeutic work relating to their trauma [96]. Though research on
MDMA-assisted psychotherapy is still preliminary, a meta-analysis suggests it
may have equivalent effect sizes to PE and be better tolerated [97•]. These
results are promising, and larger trials are under way [96].

Lastly, the endocannabinoid system is involved in multiple processes which
could underlie PTSD symptoms and which could be harnessed as a component
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of treatment, particularly given its role in fear extinction learning [98, 99].
Though there are important safety concerns relating to the use of natural and
synthetic cannabinoids, specifically addiction, cognitive impairment, and psy-
chosis risk [17, 99], there is also evidence that natural and synthetic cannabi-
noids can relieve symptoms in TRPTSD [2••, 98, 100]. The evidence base at this
stage remains weak, and given evidence that illicit cannabis use in PTSD
worsens symptoms and functional outcomes [101•]; cannabinoids cannot be
recommended at this time [8••, 98, 99].

Device-based approaches
Spurred on by neurobiological research indicating regional brain abnormalities
in PTSD, including amygdala and dorsal anterior cingulate hyperactivity, and
hippocampal and vmPFC hypoactivity [2••], various brain stimulation
methods are being investigated [21]. Repetitive transcranial magnetic stimula-
tion (rTMS), already FDA-approved for depression [102], is a non-invasive
intervention that produces significant and sustained reductions in PTSD symp-
toms when compared to a placebo treatment [103–105]. rTMS is attractive
because of its safety and low side effect profile, and while it is not yet part of
standard practice guidelines [8••], it is an accessible intervention. Deep brain
stimulation (DBS) is a surgical approach with established benefit in movement
disorders, depression, and OCD [21]. Results from a case report in PTSD
indicated substantial benefit in a patient with severe TRPTSD [106], which
may be mediated via effects on fear extinction and BDNF-mediated neural
plasticity [21]. Vagal nerve stimulation (VNS), which requires a surgical proce-
dure, has been shown to potentiate fear extinction in animal models and
reduced PTSD symptoms in a small case series [21, 107]. Finally, transcranial
direct current stimulation (tDCS) is a non-invasive option that is attractive
because of its low cost, portability, and ease of use [21]. Preclinical research
suggests that it may be able to modulate memory consolidation, which could
be a useful adjunct to other PTSD treatments [21], and a small case series
showed some symptomatic improvement in PTSD [2••].

Finally, it is important tomention electroconvulsive therapy (ECT), whereby
an electrical stimulus is applied to localized areas, either bitemporal, bifrontal,
or right unilateral [108], with a resulting generalized seizure that represents a
“whole-brain” stimulus as opposed to the more focused stimuli administered
with rTMS, DBS, VNS, and tDCS. Though there remains ongoing debate about
the mechanism of action of ECT [109], it is an established treatment in mood
and psychotic disorders [110] and has been used as a treatment for PTSD,
including in treatment-resistant cases [2••]. The evidence is of low quality,
however, with no RCTs [2••], and while several case reports, a case series, and
a single prospective uncontrolled trial indicate benefit for PTSD symptoms
[2••, 111], a recent meta-analysis concluded that the apparent benefits may
have been due to changes in depression rather than significant benefit for PTSD
symptoms directly [112]. Further large, well-designed, controlled trials may
clarify the benefits of ECT, but at present, it is not a recommended treatment
for PTSD [8••].

For all these approaches, important questions still need to be answered
about frequency, site, and duration of stimulation, but they may represent a
new wave of therapeutic options for those suffering with TRPTSD.
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Conclusions and recommendations

The management of treatment-resistant PTSD is a complex challenge,
requiring thorough clinical assessment, and a willingness to offer flexible
and individualized care [2••, 10•, 113]. Though TRPTSD has not been
sufficiently investigated, and there are major gaps and weaknesses in the
existing evidence-base, progress is being made [2••, 10•]. Having con-
firmed the presence of treatment resistance, there is some evidence of
benefit from pharmacological augmentation, most notably with risperi-
done and prazosin [9, 13, 27••]. Other medication options are less well-
researched, but other antidepressants and anticonvulsants may offer
value [2••].

Combining pharmacological agents such as DCS andMDMAwith exposure
therapy to augment fear extinction is a novel treatment avenue, and encourag-
ing beneficial effects have been reported from preliminary studies [2••, 31•, 89,
90•]. A range of other approaches are being investigated, and promising results
for ketamine, glucocorticoids, and device-based brain stimulation are emerging
[2••, 21, 22]. Finally, given the frequently chronic nature of symptoms and
impairment in TRPTSD, complementary and alternative medicine approaches
deserve consideration [74, 75].

Given the associated disease burden, TRPTSD deserves to be prioritized
on mental health care and neuroscience research and funding agendas. To
move forward, systematic investigation is needed, starting with clear defi-
nitions of treatment resistance that are used consistently in research [33•].
Methodologically robust studies which determine treatment resistance
prospectively and then evaluate the effects of psychotherapeutic and phar-
macological options, including head to head comparisons and treatment
sequencing, are indicated in various subpopulations, including civilians vs.
combat-veterans, and across the age range [2••, 27••, 28•, 66]. As evi-
dence accumulates, the clinician will be further empowered to make the
safest and most beneficial treatment decisions to relieve the suffering
associated with this disorder.
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