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ABSTRACT

Background: According to clinical guidelines, trauma-focused psychotherapies (TF-PT)
such as trauma-focused cognitive behavioural therapy (TF-CBT) and eye movement
desensitization and reprocessing (EMDR) are recommended as first-line treatments for
posttraumatic stress disorder (PTSD). TF-CBT and EMDR are equally effective and have
large effect sizes. However, many patients fail to respond or have comorbid symptoms or
disorders that only partially decline with TF-PT. Thus, there is growing interest in
augmenting TF-PT through adjuvant interventions.

Objective: The current systematic review aims to assess whether adjuvant interventions
improve outcome among adult PTSD patients receiving TF-PT.

Methods: We searched the databases PubMed, PILOTS, Web of Science and the Cochrane
Library for controlled clinical trials examining whether adjuvant interventions lead to
more symptom reduction in adult PTSD patients receiving TF-PT. Thirteen randomized
controlled trials fitted the inclusion criteria. These were evaluated for internal risk of bias
using the Cochrane Handbook for Systematic Review of Interventions.

Results: Most studies have a substantial risk for internal bias, mainly due to small
sample sizes. Thus, no strong conclusion can be drawn from the current empirical
evidence. Preliminary evidence suggests that exercise and cortisol administration may
have an adjuvant effect on PTSD symptom reduction. Breathing biofeedback showed
a trend for an adjuvant effect and an effect for accelerated symptom reduction.
Conclusions: Currently, it is not possible to formulate evidence-based clinical recom-
mendations regarding adjuvants interventions. While several adjuvant interventions
hold the potential to boost the effectiveness of TF-PT, the realization of sufficiently
powered studies is crucial to separate plausible ideas from interventions proven to
work in practice.

¢Mejoran las intervenciones auxiliares el resultado de tratamiento en
pacientes adultos con trastorno de estrés postraumatico que reciben
psicoterapia con foco en el trauma? Una revision sistematica

Antecedentes: De acuerdo a las guias clinicas, las psicoterapias con foco en el trauma (TF-PT,
por su sigla en inglés), asi como la terapia cognitivo-conductual con foco en el trauma (TF-CBT,
por su sigla en inglés) y la terapia de reprocesamiento y desensibilizacién por movimientos
oculares (EMDR) son recomendadas como tratamientos de primera linea para el Trastorno de
Estrés Postraumatico (TEPT). TF-CBT y EMDR son igualmente efectivas y tienen grandes tamaios
de efecto. Sin embargo, muchos pacientes no responden, tienen sintomas comaérbidos u otros
trastornos que solo disminuyen parcialmente con TF-PT. Por lo tanto, hay un creciente interés en
aumentar las TF-PT a través de intervenciones auxiliares.

Objetivo: La presente revision sistematica busca evaluar si las intervenciones auxiliares
mejoran los resultados entre adultos con TEPT que reciben TF-PT.

Métodos: Buscamos en las bases de datos Pubmed, PILOTS, Web of Science y en la
Biblioteca Cochrane, estudios clinicos controlados que examinaran si las intervenciones
auxiliares llevan a mayor reduccién de sintomas en pacientes adultos con TEPT que reciben
TF-PT. Trece estudios randomizados controlados cumplieron los criterios de inclusién. En
estos se evalud el riesgo interno de sesgo usando el Manual Cochrane para la Revision
Sistemdtica de Intervenciones.
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Resultados: La mayoria de los estudios tuvo un riesgo sustancial de sesgo interno, princi-
palmente debido al pequeno tamafio muestral. Por lo tanrto, no se puede extraer conclu-
siones fuertes de la evidencia empirica actual. La evidencia preliminar sugiere que el
ejercicio y la administracién de cortisol puede tener un efecto auxiliar en la reduccién de
sintomas de TEPT. El biofeedback de la respiracion mostré una tendencia hacia un efecto
auxiliar y un efecto en la reduccién acelerada de los sintomas.

Conclusiones: Actualmente, no es posible formular recomendaciones clinicas basadas en la
evidencia en relaciéon a intervenciones auxiliares. Mientras varias intervenciones auxiliares
mantienen potencial para aumentar la efectividad de las TF-PT, la realizacién de estudios
con suficiente poder es crucial para separar las ideas plausibles de las intervenciones con

efectividad probada en la practica.
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Posttraumatic stress disorder (PTSD) is a psychological
disorder that may develop upon exposure to an extremely
threatening event or a series of such events. Symptoms
include re-experiencing the traumatic event(s); avoidance
of thoughts and memories of the trauma and of activities,
people, or situations reminiscent of the event(s); persis-
tent perceptions of heightened current threat; hyperar-
ousal; and negative alterations in cognitions and mood
(American Psychological Association, 2013). PTSD is
associated with a particularly high societal and economic
burden (Habetha, Bleich, Weidenhammer, & Fegert,
2012) as well as with serious negative physical health
consequences (Pacella, Hruska, & Delahanty, 2013). In
Europe, estimates of the 12-month prevalence of PTSD
range between 1.1% and 2.9% (Wittchen et al., 2011).
Trauma-focused psychotherapies (TF-PT), such as
trauma-focused cognitive behavioural therapy (TF-
CBT), e.g. cognitive therapy (Ehlers, Clark, Hackmann,
McManus, & Fennell, 2005), prolonged exposure (PE
(Foa, Hembree, & Rothbaum, 2007)), cognitive proces-
sing therapy (CPT (Resick & Schnicke, 1993)), and Eye
movement desensitization and reprocessing (EMDR
(Shapiro, 1995)), are recommended as first-line treat-
ments for PTSD (American Psychological Association,
2017; Flatten et al., 2013; Forbes et al., 2007; National
Collaborating Centre for Mental Health, 2005).
Compared to waitlist conditions and treatment as usual
(TAU), meta-analyses show large effect sizes for both TF-
CBT (SMD = —1.36,95% CI = —1.77 to —0.94) and EMDR
(SMD = -1.08, 95% CI = —1.83 to —0.33) (Cusack et al.,

2016). Thus, it can be safely concluded that TF-PT works
for many patients.

However, a recent meta-analysis of randomized pla-
cebo-controlled trials reported only a small effect size
for TF-PT (Carpenter et al., 2018). In contrast to the
waitlist- or TAU-conditions, placebo conditions were
standardized (e.g. present-centred therapy (Schnurr
et al, 2007)) and therefore controlled for unspecific
treatment factors, e.g. time spent with the therapist.
Due to this fact, psychological placebo-controlled trials
are more conservative as waitlist- and TAU-conditions
resulting in smaller effect sizes. Furthermore, up to
30-50% of the patients still fulfil diagnostic criteria of
PTSD subsequent to treatment (Bisson et al., 2007;
Schottenbauer, Glass, Arnkoff, Tendick, & Gray,
2008). Many PTSD patients also suffer from comorbid
symptoms (e.g. depression) that are not properly
addressed by first-line PTSD treatments (Bisson et al.,
2007; Bradley, Greene, Russ, Dutra, & Westen, 2005;
Hofmann & Smits, 2008).

Given that the World Health Organization (World
Health Organization, 2013) and the National Institute
for Health and Care Excellence (National Collaborating
Centre for Mental Health, 2005) recommend
pharmacotherapy second to TF-PT, it has been
assumed that the combination of these two strategies
promotes greater effectiveness. However, there is no
evidence to date that the combination of TF-PT with
pharmacotherapy enhances treatment success (Tolin,
2017). Therefore, testing further treatment approaches
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is crucial to enhance the effectiveness of TF-PT on
PTSD core symptoms as well as comorbid symptoms
(Hoge & Chard, 2018).

Against this background, a broad range of inter-
ventions have been examined over the last decade as
adjuvants to TF-PT (Marin, Lonak, & Milad, 2015;
Wynn, 2015). However, so far no systematic review
exists that evaluates and summarizes the findings of
this substantial body of research on adjunct interven-
tions to TE-PT. In order to close this gap, we carried
out this systematic review. For clearness, we divided
adjuvant interventions into the categories of beha-
viour-based interventions and cognitive enhancers.

Behaviour-based interventions wish to augment
TE-PT by either supporting its mode of action (e.g.
enhancing therapeutic learning processes
(Asmundson et al., 2013)) or by focussing modes of
actions not addressed by TF-PT (e.g. non-verbal
access to trauma-related memories (Collie, Backos,
Malchiodi, & Spiegel, 2006)). Cognitive enhancers
are  pharmacological agents (e.g.  cortisol,
D-cycloserine) that exert their effects by facilitating
cognitive processes underlying therapeutic change
(e.g. fear extinction processes and/or the consolida-
tion of helpful non-fear memories (Bentz, Michael, de
Quervain, & Wilhelm, 2010; Marin et al., 2015)).

This systematic review summarizes and discusses the
evidence of whether adjunct behaviour-based interven-
tions and cognitive enhancers improve the outcome of
TF-PT. If possible, it is also reported whether these
interventions improve comorbid symptoms. The review
makes the available evidence more accessible for clini-
cians and researchers and provides a base for future
research on adjuvant interventions in PTSD.

1. Methods
1.1. Eligibility criteria

Studies were included if they were controlled trials
examining the adjuvant effect of alternative therapies
in addition to PTSD first-line treatment for adults
(=18 years) with PTSD. TAU conditions not clearly
describing that all patients were treated with TF-PT
were excluded. Studies needed to be published in
peer-reviewed English-language journals. Further,
studies were excluded if they did not report data of
self-ratings or clinician-administered ratings on pre-
and post-treatment PTSD symptom severity. Studies
examining the combination of two established mono-
therapies in the treatment of PTSD (e.g. TF-PT +
sertraline) instead of examining the augmentation of
a monotherapy by an alternative treatment approach
(e.g. TF-PT + cortisol) were excluded. Moreover,
results of meta-analyses were included if they
reported analyses for (sub-) samples of studies meet-
ing the mentioned inclusion criteria.

1.2. Data sources and search strategies

PubMed, the Cochrane Library, PILOTS and Web of
Science were searched for articles published in English
until 1 August 2018. We searched keywords, titles and
abstracts using the following set of search terms:

(1) randomized controlled trial OR meta-analysis
OR controlled clinical trial;

(2) acupoint* OR acupuncture* OR D-cycloserine
OR hypnotherapy OR hypnosis OR neurofeed-
back OR biofeedback OR imagery rescripting OR
exercise OR art* OR music* OR animal assisted*
OR body psychotherapy OR ergotherapy OR
conjoint* OR family* OR meditation OR yoga
OR augmentation OR adjunctive OR adjuvant
OR add-on OR enhancement;

(3) PTSD OR post-traumatic stress disorder OR
posttraumatic stress disorder;

(4) #1 AND #2 AND #3.

Additionally, reference lists of all included studies,
previous literature reviews and meta-analyses were
searched for relevant studies.

1.3. Study selection

The literature search resulted in 3137 hits across data-
bases of which 705 were removed as duplicates. The
remaining 2432 records were screened based on title
and abstract. Following the screening, 2368 studies were
excluded since they did not meet inclusion criteria (see
Figure 1 for a detailed overview of reasons for exclusion).
Thus, 64 full texts were assessed for eligibility of which 13
met the inclusion criteria. All included studies are rando-
mized controlled trials (RCTs). Adjuvant treatment with
art therapy, behavioural family therapy (BFT), breathing
biofeedback, exercise, hypnosis, cortisol, oxytocin,
yohimbine, methylene blue were each examined in one
of the eligible studies. Four eligible studies examined the
adjuvant effect of D-cycloserine (DCS).

1.4. Adjuvant interventions

As mentioned above, eligible adjuvant interventions
are grouped into two categories. Art therapy, BFT,
biofeedback, exercise and hypnosis are summarized
in the category behaviour-based interventions. The
category cognitive enhancers comprises cortisol,
DCS, methylene blue, oxytocin, and yohimbine. In
the following, these approaches are introduced by
category and alphabetical order, not by relevance.

1.4.1. Behaviour-based interventions

1.4.1.1. Arts therapies. Creative arts therapies (e.g.
art therapy, music therapy, dance/movement therapy)
wish to provide nonverbal access to trauma-related
experiences through sensory processes. It is assumed
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Figure 1. Adapted PRISMA flow diagram (Moher, Liberati, Tetzlaff, & Altman, 2009).

that the nonverbal character of these therapies helps
the patients to process their traumatic experiences by
expressing trauma-related emotions (Malchiodi,
2015).

1.4.1.2. Behavioural family therapy. For a large
number of veterans, PTSD symptoms are a source
of family stress (Batten et al., 2009). The main goals
of family therapy interventions in the treatment of
adult PTSD are to improve communication within
the family and to reduce parenting problems
(Sherman & Larsen, 2018; Sherman, Larsen, Straits-
Troster, Erbes, & Tassey, 2015; Whealin et al., 2017).
Primary target points of BFT are psychoeducation of
family members, improving problem-solving abilities
and reducing aggression (Glynn et al., 1995).

1.4.1.3. Biofeedback. Breathing biofeedback is an
intervention that indirectly enhances heart-
rate variability (HRV) by breathing slowly at
a frequency of six breaths per minute (Lehrer &
Gevirtz, 2014). Several studies show that HRV is
a biomarker of autonomous nervous system function-
ing that is linked to physical and mental health
(Thayer, Ahs, Fredrikson, Sollers, & Wager, 2012).

Increasing HRV is assumed to support TF-PT by
reducing physiological arousal both in exposure ses-
sions and in the long term (Tan, Dao, Farmer,
Sutherland, & Gevirtz, 2011).

1.4.1.4. Exercise. Exercise is assumed to augment
first-line PTSD treatments by various mechanisms
such as an increase of brain-derived neurotrophic
factor (BDNF), improvement of sleep, and increase
of self-efficacy (Asmundson et al., 2013). Therefore,
exercise is assumed to support TF-PT by both its
short-term (e.g. facilitating exposure learning by
increasing cortisol (Peake et al., 2014)) and its long-
term effects (e.g. normalizing the reactivity of the
hypothalamic-pituitary-adrenal (HPA) axis
(Hackney, 2006)).

1.4.1.5. Hypnosis. The use of hypnosis has a long tra-
dition in both psychoanalytic treatments and CBT, albeit
its presumed mode of action (e.g. reduction of hyperar-
ousal or facilitating integration of traumatic memories)
differs depending on its specific use. Hypnosis targets
both the key symptoms of PTSD and comorbid symp-
toms (e.g. dissociation, pain or insomnia) (Cardeia,
Maldonado, van der Hart, & Spiegel, 2000).
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1.4.2. Cognitive enhancers

1.4.2.1. Cortisol. Cortisol is a stress hormone and
potent modulator of learning, memory processes, and
neuroplasticity. There is extensive evidence from animal
and human studies showing that HPA axis activation due
to stress enhances memory consolidation when there is
concomitant activation of the sympathetic nervous sys-
tem while it inhibits the retrieval of previously acquired
information (de Quervain, Schwabe, & Roozendaal,
2017). Thus, it has been argued that cortisol could be
used to augment psychotherapy for fear-related disorders
by enhancing the consolidation of the therapeutically
acquired no-fear memory (Lass-Hennemann &
Michael, 2014).

1.4.2.2. D-cycloserine. DCS is an N-methyl-d-aspar-
tate (NMDA) receptor agonist. Both animal and
human studies suggest that DCS could improve fear
extinction, facilitate generalizability of extinction
learning and reduce fear reinstatement (Davis,
Ressler, Rothbaum, & Richardson, 2006). Therefore,
DCS is assumed to enhance exposure therapy by
modulating amygdala-based fear extinction processes.

1.4.2.3. Methylene  blue. Methylene blue is
a metabolic enhancer that increases mitochondrial
respiration, thereby facilitating memory processes
(Riha, Rojas, & Gonzalez-Lima, 2011). Methylene
blue has been shown to facilitate fear extinction
memory in rats (Gonzalez-Lima & Bruchey, 2004)
and to improve retention of extinction in humans
(Telch et al., 2014).

1.4.2.4. Oxytocin. Oxytocin is a neuropeptide that is
involved in attachment and bonding behaviour. It is
assumed to enhance trauma-focused psychotherapy
by promoting fear extinction processes, reducing dis-
tress and anxiety as well as by facilitating social func-
tioning and hence augmenting therapeutic alliance
(Acheson et al., 2013).

1.4.2.5. Yohimbine. The alpha-2 adrenergic receptor
antagonist yohimbine is assumed to facilitate fear extinc-
tion by elevating noradrenergic activity (Singewald,
Schmuckermair, Whittle, Holmes, & Ressler, 2015). It
is assumed that the increased noradrenergic activity
heightens exposure-related arousal, thereby improving
treatment effects through elevated inhibitory learning.

1.5. Risk of bias evaluation

For all included studies, a risk of internal bias evaluation
based on the Cochrane Handbook for Systematic Review
of Interventions (Higgins & Green, 2011) was con-
ducted. Risk of bias assessment included seven
domains: random sequence generation (low risk of bias
if all participants had the same chances to be concealed

to each group), allocation concealment (low risk of bias
if group allocation was unpredictable for staff members
examining fulfilment of eligibility criteria), blinding of
participants and personnel (low risk of bias if both
participants and personnel were blind for group alloca-
tion), blinding for outcome assessment (low risk of bias if
outcome assessors were blind for group allocation),
incomplete outcome data (low risk of bias if either data
were complete or missing data were appropriately
handled, e.g. with intent-to-treat analysis), selective
reporting (low risk of bias if an available preregistration
of the trial indicated that all acquired measurements
were reported), other source of bias (low risk of bias if no
other reasons for risk of bias were identified, e.g. small
sample size). If criteria for a low risk of bias judgment
were not fulfilled, the risk of bias was judged as high. If
the information required for the risk of bias evaluation
were not available, the risk of bias was judged as
unclear. Two independent raters (CS and HM) assessed
the internal risk of bias per study. Inter-rater reliability
was analysed using kappa statistic with kappa values
between 0.40 and 0.59 reflecting fair agreement,
between 0.60 and 0.74 reflecting good agreement and
above 0.75 reflecting excellent agreement (Orwin,
Cooper, & Hedges, 1994). The kappa statistics for the
domains random sequence generation (K = .876), blind-
ing of participants and personnel (K = 1) and selective
outcome reporting (K = .865) revealed excellent inter-
rater reliability. For allocation concealment (K = .639),
other sources for bias (K = .662), blinding for outcome
assessment (K = .639) inter-rater reliability was good.
For the domain incomplete outcome data (K = .536)
inter-rater reliability was fair. Overall kappa statistics
revealed good interrater reliability (K = .718). In case of
inter-rater disagreement, a third author (ME) assessed
studies. Thereby, a consensus was reached in all cases.

2. Results
2.1. Risk of bias analysis

Methodological quality varied considerably across
included studies. The main sources of internal bias
were small samples (less than 30 participants
(Campbell, Decker, Kruk, & Deaver, 2016; Difede
et al, 2014; Flanagan, Sippel, Wahlquist, Moran-
Santa Maria, & Back, 2018; Glynn et al., 1999; Litz
et al, 2012; Polak, Witteveen, Denys, & OIff, 2015;
Powers et al., 2015; Tuerk et al., 2018; Yehuda et al.,
2015; Zoellner et al., 2017)). In addition to small
sample size, the study of Powers et al. (Powers
et al., 2015) was at risk for bias due to a lack of
inferential statistical analyses. Only 5 of the remain-
ing 12 trials used complete intent to treat analyses
(Difede et al., 2014; Rothbaum et al., 2014; Tuerk
et al, 2018; Yehuda et al., 2015; Zoellner et al.,
2017). Due to their double-blind designs, studies



investigating cognitive enhancers had a smaller risk
of internal bias than the other studies. A graphical
representation of the overall risk of internal bias for
each study and each domain is available in Figures 2
and 3, respectively (for a detailed evaluation see
Supplementary Material 1). Given this substantial
risk of internal bias, the findings of the current review
should be interpreted with caution.

2.2. Effectiveness of adjuvant interventions

In the following, results are presented by category and
alphabetical order, not by relevance (see Table 1 for
summary of results).

2.3. Behaviour-based interventions

2.3.1. Art therapy

An RCT with traumatized veterans (Campbell et al.,
2016) examined the effects of CPT (eight sessions)
compared to CPT (eight sessions) plus art therapy
(eight sessions). Art therapy included the visualisation
of the trauma narrative (e.g. imaging traumatic lost),
non-verbal expression and regulation of emotions
(mask making, mind mapping) and the construction
of a new self-concept and worldview. PTSD and

EUROPEAN JOURNAL OF PSYCHOTRAUMATOLOGY . 7

depressive symptoms improved in both treatment
groups. There was no significant group-time-
interaction, but a non-significant trend towards
a greater reduction of depressive symptoms in the
CPT plus art therapy condition.

2.3.2. Behavioural family therapy

In an RCT, combat veterans with PTSD were
assigned to either a waiting list condition, exposure
therapy (twice a week; 18 sessions) or exposure ther-
apy followed by BFT (16 sessions; veterans and
a family member) (Glynn et al,, 1999). There was
no adjuvant effect of BFT in addition to exposure
therapy regarding PTSD symptom reduction.

2.3.3. Biofeedback

One RCT (Polak et al., 2015) analysed the effectiveness
of breathing biofeedback as an adjunct to TF-CBT.
Eight participants were randomized to either TF-CBT
only or TF-CBT plus breathing biofeedback. The num-
ber of total TF-CBT sessions ranged from 5 to 18
between participants. The TF-CBT plus breathing bio-
feedback group practised the breathing biofeedback
every day. From TF-CBT session 3 onwards, patients
were additionally instructed to use breathing biofeed-
back during imaginal exposure. There was no
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Figure 2. Risk of bias summary:

Random sequence generation (selection bias)
Allocation concealment (selection bias)
Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)

Other bias

review authors’ evaluations of each internal bias risk item for all studies.
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Figure 3. Risk of bias graph: review authors’ evaluation of each internal bias risk item presented as percentages across all

included studies.
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significant adjuvant effect of biofeedback regarding
PTSD symptom reduction; however, there was a faster
symptom reduction in the TF-CBT plus breathing bio-
feedback group and a trend towards an enhanced treat-
ment effect.

2.3.4. Exercise

One study reports preliminary findings regarding
an adjuvant effect of exercise in addition to PE for
PTSD (Powers et al., 2015). Nine patients with
PTSD were randomized to either PE plus exercise
or PE only. PE consisted of 12 manualized treat-
ment sessions with 90-min duration on a weekly
basis. In the PE plus exercise condition, exercise
took place immediately before each PE session.
Exercise sessions lasted 30 min and were performed
with moderate intensity (70% of maximal heart
rate) on a treadmill. In addition to the effect of
exercise on symptom-reduction, its effect on BDNF
serum concentration was examined. Results
revealed a large short-term effect (d = 2.65) of
exercise in addition to PE for the improvement of
PTSD symptoms. Adjuvant exercise also leads to an
increased BDNF serum concentration (d = 1.08).

2.3.5. Hypnosis

Galovski et al. (2016) examined the augmentative effect
of sleep-directed hypnosis (3x/week over three weeks)
preceding CPT (once per week over 12 weeks) compared
to daily monitoring of sleep and PTSD symptoms (over
three weeks) preceding CPT (control group) in female
adults with PTSD. In addition to its effect on PTSD key
symptoms and depression, the effect of adjuvant hypno-
sis on sleep difficulties was assessed. After completion of
the hypnosis-session-block, patients showed greater
symptom reduction in various sleep parameters.
However, after the CPT-session-block, this superiority
disappeared except for sleep latency. PTSD symptom
reduction was not larger in the hypnosis plus CPT
group. However, there was a significant effect of the
CPT plus hypnosis group regarding the reduction of
depressive symptom at post-treatment, but not at
3-month follow-up.

2.4. Cognitive enhancers

2.4.1. Cortisol

One double-blind RCT investigated the adjuvant effect
of cortisol in addition to PE (Yehuda et al.,, 2015). Both
groups received 10 sessions of manualized PE.
A quantity of 30 mg of placebo (control group) or
hydrocortisone (experimental group) was administered
20 min before PE session 3 to 10. Short- and long-
term effects were not analysed separately. Instead, data
for the analyses varied across patients and represented
the assessment with the lowest CAPS total score (being
post-assessment or follow-up). Regarding PTSD

symptoms, these analyses revealed a significantly
enhanced treatment effect for cortisol compared with
placebo.

2.4.2. D-cycloserine

Four double-blind RCTs examined the augmentative
effect of DCS in samples of PTSD patients (de Kleine,
Hendriks, Kusters, Broekman, & van Minnen, 2012;
Difede et al., 2014; Litz et al., 2012; Rothbaum et al,,
2014). In all studies, DCS and placebo were repeatedly
administered prior to TF-PT sessions [prolonged expo-
sure (PE (de Kleine et al., 2012; Rothbaum et al., 2014))]
imaginal exposure (IE (Litz et al, 2012)) or virtual
reality exposure (VRE (Difede et al., 2014)). Between
studies, treatment duration varied from 6 (Litz et al.,
2012) to 12 (Difede et al., 2014) weeks and the weekly
DCS-dose was either 50 mg (de Kleine et al., 2012; Litz
et al, 2012; Rothbaum et al., 2014) or 100 mg (Difede
et al,, 2014). All studies used intent-to-treat (ITT) ana-
lyses; however, de Kleine et al. (2012) excluded eight
patients for dropping out before the first exposure ses-
sion. Rothbaum et al. (2014) did not report an overall
enhancement effect of DCS administration adjunct to
VRE. De Kleine et al. (2012) reported that DCS yielded
higher symptom reduction in patients with more severe
pre-treatment PTSD who needed longer treatment.
Difede et al. (2014) provide preliminary evidence for
an enhancement of VRE by DCS (Hedges g = 1.13) in
the long term. They found a similar pattern for depres-
sion, anger expression, and sleep. PTSD remission rates
were greater for the VRE + DCS group. Contrary to
these findings, Litz et al. (2012) reported a lower per-
formance of IE + DCS compared to exposure and
placebo conditions in the short term.

2.4.3. Methylene blue

In a double-blind RCT (Zoellner et al., 2017), partici-
pants were randomized to either IE plus methylene blue,
IE alone or a waitlist control group. TF-PT consisted of
six daily sessions of 50-min IE based on a PE protocol.
A quantity of 260 mg methylene blue or placebo was
administered after five of six IE treatment sessions. Both
treatment groups were superior to waiting list controls,
but there was no adjuvant effect of methylene blue in
addition to IE regarding PTSD symptoms and
depression.

2.4.4. Oxytocin

Flanagan et al. (2018) investigated the augmentative
effect of oxytocin to PE in a double-blind RCT.
Intranasal oxytocin (40 IU) and placebo were self-
administered 45 min prior to each of 10 manualized
PE sessions. Completer analysis regarding PTSD and
depressive symptoms revealed no significant differences
in symptom reduction. Nevertheless, the symptom
scores at PE session number three were significantly



lower in the oxytocin group, which may indicate pre-
liminary evidence for accelerated symptom reduction.

2.4.5. Yohimbine

The adjuvant effect of the alpha-2 adrenergic receptor
antagonist yohimbine was investigated in a double-blind
RCT (Tuerk et al., 2018). For both groups, TF-PT con-
sisted of manualized PE sessions delivered on a weekly
basis. A quantity of 21.6 mg yohimbine or placebo was
administered once before the first exposure session. The
primary endpoint was trauma cued heart-
rate reactivity. The secondary endpoints included change
of PTSD symptom severity. The yohimbine group
showed a significantly stronger reduction of the trauma
cued heart-rate reactivity. However, ITT analysis
detected no adjuvant effect of yohimbine on PTSD and
depressive symptoms.

2.5. Discussion

To our knowledge, this is the first systematic review
assessing the effectiveness of adjuvant interventions in
adult PTSD patients treated with TF-PT. Thirteen
RCTs were included in this review. The methodological
quality of the included studies varied considerably but
tended to be low. All but one study had a high risk of
internal bias. Thus, only tentative conclusions can be
drawn from the available empirical evidence and clin-
ical recommendations are made with reservations.
Nevertheless, there is promising preliminary evidence
for some adjuvant interventions.

2.6. Evaluation of the current body of evidence

2.6.1. Behaviour-based interventions

Within the category behaviour-based interventions,
breathing biofeedback and exercise seem to be the
most promising adjuncts regarding PTSD symptom
outcome measures.

The reported results of breathing biofeedback are
encouraging (Polak et al., 2015). Biofeedback has not
only been examined as an adjuvant intervention to TF-
PT but also as an adjuvant to TAU and as a stand-alone
therapy for PTSD. Studies examining its effect on TAU
conditions show quite heterogeneous results (Lande,
Williams, Francis, Gragnani, & Morin, 2010; Tan
et al.,, 2011; Zucker, Samuelson, Muench, Greenberg,
& Gevirtz, 2009). One study investigating HRV-
biofeedback as an adjuvant intervention to TAU
(Lande et al., 2010) did not find that it resulted in
increased PTSD and depressive symptom reduction.
However, one study (Tan et al., 2011) found that HRV-
biofeedback augmented TAU with respect to PTSD
symptoms, and one study showed a positive effect on
comorbid depressive symptoms (Zucker et al., 2009).
Furthermore, the results of breathing biofeedback as
a stand-alone therapy are quite promising. Several
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studies show that biofeedback employed as a stand-
alone treatment is successful in reducing PTSD symp-
toms (Askovic, Watters, Aroche, & Harris, 2017; Gapen
et al., 2016; Reiter, Andersen, & Carlsson, 2016). Taken
together, the evidence suggests that HRV-biofeedback
is feasible and acceptable to PTSD patients (Foa et al.,
2007; Morina et al.,, 2012; Polak et al., 2015; Tan et al.,
2011) and that its use as an adjuvant intervention war-
rants further research.

Exercise showed a substantial adjuvant effect on PE
(Powers et al., 2015). However, due to the small sample
size and the lack of inferential statistical analysis, the
results of Powers et al. (Powers et al., 2015) have to be
interpreted with caution. A study assessing the adjuvant
effect of exercise on TAU (Rosenbaum, Sherrington, &
Tiedemann, 2015) also showed that it resulted in
enhanced PTSD and depressive symptom reduction.
Exercise also seems to be an effective stand-alone inter-
vention for PTSD (Fetzner & Asmundson, 2015;
Goldstein et al., 2018). Furthermore, exercise is time-
and cost-effective, has beneficial side effects on physical
health and is popular among patients (Chapman et al.,
2017). Therefore, exercise seems a particularly promising
behaviour-based adjuvant intervention that should be
investigated further.

2.6.2. Cognitive enhancers

Among the cognitive enhancers, cortisol seems to be the
most promising substance augmenting TF-PT. In the
reviewed study, cortisol administration as an adjunct to
PE was associated with a greater reduction in PTSD
symptoms compared to PE plus placebo. The study
results are in line with studies on specific phobias (de
Quervain et al, 2011; Soravia et al., 2014); therefore,
further research on enhancing TF-PT by augmenting
cortisol levels seems warranted. The largest body of
research on cognitive enhancers focuses on DCS. Given
that three out of four reviewed studies did not report an
overall effect for DCS, the current evidence does not
support the assumption that DCS augments TF-PT.
This conclusion is in line with a recent meta-analysis,
including both samples of adults and children with PTSD
(Burkner, Bittner, Holling, Buhlmann, & Hashimoto,
2017). The reviewed trials on methylene blue, oxytocin
and yohimbine also did not detect significant adjuvant
treatment effects.

2.6.3. Main limitations of the reviewed studies

The main methodological limitation of the reviewed
studies is their lack of statistical power. Of all studies,
only two trials examining the effectiveness of DCS
and hypnosis had a sufficient power to detect at least
moderate adjuvant treatment effect sizes. Another
limitation is that the heterogeneous study designs
result in a restricted comparability of the results.
Especially in the category of the cognitive enhancers,
dosage level (e.g. 50 mg (de Kleine et al., 2012; Litz
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et al,, 2012; Rothbaum et al., 2014) versus 100 mg
(Difede et al., 2014) for DCS trials), total number of
doses (single dose (Tuerk et al., 2018) versus multiple
doses (e.g. Zoellner et al., 2017)), treatment duration
(5 days (Zoellner et al., 2017) to 12 weeks, e.g. Difede
et al., 2014), and time point of drug administration
(30 min (e.g. Rothbaum et al., 2014 to 90 min (Difede
et al., 2014)) before TF-PT or immediately after TF-
PT (Zoellner et al., 2017)) differ between the studies.
Among behaviour-based interventions, heterogeneity
in study designs is also present; for example, trials
examining adjuvant effects of exercise on mental dis-
orders differ regarding treatment duration, intensity,
and frequency (e.g. Powers et al.,, 2015; Rosenbaum
et al., 2015).

2.7. Future directions

Adaptive designs (ADs) could be a possible way to
approach these methodological problems efficiently.
Mostly used in trials evaluating drugs, ADs can also be
applied to evaluate behaviour-based interventions. Based
on planned interim analyses that have been defined
before the first patient is enrolled in the study, ADs
allow for modifications to key aspects of the study design
(Pallmann et al., 2018). Typical pre-planned changes in
ADs are sample size re-estimation to ensure the desired
statistical power and adaptive dose ranging to identify
the most promising dose. In the research area of adjuvant
interventions in the treatment of PTSD, an AD could be
conducted for instance to identify the most efficient
application of exercise augmenting TF-PT starting with
two intensities (moderate versus high), two frequencies
(once a week versus three times a week), and two time
points (before or after TF-PT) of exercise. Based on
a priori planned adaptions, the conditions can be
reduced to the most promising ones during the trial
resulting in a more time and cost-effective identification
of promising treatment approaches and application
forms. Multi-centre-studies could be another way to
overcome the main limitations of the current body of
evidence. Through the combination of various recruit-
ment locations, large sample sizes could be acquired in
a more time- and cost-effective manner (Bellomo,
Warrillow, & Reade, 2009). Furthermore, internal bias
(e.g. regarding group allocation concealment or blinding
of staff members) could be reduced through task division
between research-centres.

2.7.1. Further promising adjuvant treatments

Promising interventions, not yet examined in studies
eligible for this review, are inter alias acupuncture, med-
itation-based interventions and the cognitive enhancer
3,4-Methylene-dioxy —methamphetamine (MDMA).
Meta-analyses revealed preliminary significant effects
on PTSD-symptoms for meditation-based interventions
and acupuncture as stand-alone treatments (Grant et al,,

2018; Hilton et al., 2017). Furthermore, acupuncture and
MDMA successfully augment active control conditions
in adult PTSD samples (e.g. Engel et al., 2014; Mithoefer,
Woagner, Mithoefer, Jerome, & Doblin, 2011). However,
up to now, no studies exist examining the adjuvant effects
of these interventions when combined with TF-PT, but
future research on these interventions using TF-PT con-
trol conditions seems eligible.

3. Conclusion

Opverall, research investigating the effect of TF-PT in
combination with adjuvant interventions is rare and
lacks high-quality trials. To date, only a small number
of studies have assessed the augmenting effects of
adjuvant interventions in adult PTSD patients receiv-
ing TF-PT. Actually, not a single study included in this
review tested the utility of adjuvant interventions in
EMDR, with the majority of studies drawing heavily
on exposure. Risk of internal bias was high for all but
one of the reviewed studies, particularly due to small
sample sizes. Given that first-line treatments for PTSD
are fortunately highly effective and that most adjuvant
intervention probably only shows small to medium
effect sizes, future research should be conducted with
appropriate sample sizes. While the preliminary
results of some adjuvant interventions are encouraging
with respect to both PTSD-specific and comorbid
symptoms, clinical recommendations can only be
made with reservations. The available data indicate
that cortisol administration, breathing biofeedback
and exercise are currently the interventions with the
strongest empirical support. In summary, adjuvant
interventions might hold high potential for boosting
the effectiveness of TF-PT, but high-quality research is
needed before this claim can be confirmed or refuted.
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