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1. Introduction

1.1. Rationale

Trauma-focused cognitive behavioral therapy is the first line treatment for posttraumatic stress
disorder (PTSD) (1). Its emphasis lies on emotional and cognitive processing of the individual
traumatic event and the resulting memory (2). In trauma-focused therapies such as Prolonged
Exposure (PE), patients are instructed to reactivate their traumatic experiences and moreover
are confronted with trauma-related stimuli (2). Several studies indicated the efficacy of PE
along with other trauma-focused psychotherapies to reduce PTSD symptoms (3). However,
approximately 50% of the patients report residual symptoms after treatment (4). Hence,
improvement of already well-established treatments is required. One possible improvement
could be the additional application, i.e., augmentation of trauma-focused therapy, by
pharmacological agents. Several of such studies have recently been conducted, the time is thus
ripe for a systematic review of the evidence. The efficacy of pharmacologically augmented
interventions targeting memory processes has not yet been evaluated in reviews and meta-

analyses.

Underlying memory processes

There is clear evidence that memories can be altered through pharmacological or
behavioral interventions, sometimes profoundly, when they are reactivated (5). Retrieving a
memory destabilizes the memory trace which is then susceptible for disruption (5-7). In this
labile state, new and correcting information can be added to the trauma memory which allows
the proper processing of the trauma (5-7). Moreover, destabilized memory traces can be
weakened or even lost (5-7). Two processes which are associated with memory retrieval and
alteration are memory extinction and reconsolidation. Memory extinction is accomplished
through repeated exposure to trauma stimuli and leads to the creation of a new memory which
replaces and suppresses to original memory (6,8). After memory extinction the still existing
original trauma memory might recover spontaneously or through renewal and reinstatement
and return when stimuli are presented in a new context (6,8,9). In contrast, memory
reconsolidation aims to destabilize and modify the original fear memory (6,9). Memory

reconsolidation comprises restoring of an already consolidated memory which entered a



temporary labile state after retrieval (6,8,9). During this limited time window memory
modifications can be achieved by the presentation of new and corrective information (6,8,9).
Further, the reconsolidation of memories may be blocked by the use of pharmacological agents
(6,8,9). Several studies in animal and human samples have demonstrated the potential of

memory reconsolidation for memory modification (5-7).

Pharmacological augmentation of memory-based PTSD treatment

The neurobiological processes such as memory extinction and reconsolidation that take
place after trauma activation can be specifically strengthened or weakened with the application
pharmacological agents (12). This is exactly where various options for augmentation come into
play (12). For instance, pharmacological augmentation may on the one hand be achieved by
strengthening extinction learning through exposure to traumatic memories (12). On the other
hand, pharmacological agents may be applied to block the reconsolidation of recently retrieved
trauma memories (12). Results of previous animal studies have demonstrated that those
memory and learning processes can be targeted pharmacologically (12). Thus, such approaches
have been translated to studies in clinical human populations and preliminary findings of
anxiety disorder suggest an efficacious optimization of exposure therapy. Pharmacological
augmentation of psychological interventions has also been analyzed in PTSD samples (6).
Although pharmacologically augmented interventions have been examined in previous reviews
and meta-analyses, only a limited number focused on the combination of two memory
interventions to treat PTSD symptoms. Meta-analyses examining similar topics to the present
one are Walsh et al. (13) and Metcalf et al. (12). In their meta-analysis, Walsh et al. (13)
analyzed studies using interventions for substance use disorder (n = 10) as well as for anxiety,
phobic and trauma-related disorders (n = 8). The interventions used in the included studies
targeted on memory reconsolidation interference and were psychological as well as
pharmacological enhanced interventions. In the meta-analysis of Metcalf et al. (12) only studies
combining different interventions were examined. The authors were interested in the efficacy
of pharmacological and psychological treatment augmentation. For instance, they examined
intervention effects of Prolonged Exposure augmented by pharmacological agents or vice versa.
Nevertheless, both meta-analyses did not limit their investigation on memory interventions
only. A qualitative review conducted by de Kleine et al. (14) analyzed pharmacological
augmentation of exposure based treatments. Contrary to our systematic review, the authors did
not use as restricted inclusion criteria such as randomized controlled studies only or a minimum

number of participants per treatment arm. Moreover, their emphasis lied on identifying and



describing the proposed underlying mechanism of the pharmacological agents rather than
examining the efficacy pharmacological augmented interventions. Hence, it would be
intriguing to compare the efficacy of different attempts of pharmacological augmented
interventions targeting memory extinction or reconsolidation and to state under which

circumstances they may be efficacious.

1.2. Objectives

The aim of this review is to investigate effects of pharmacological agents targeting
memory extinction ore reconsolidation and used in combination with at least one exposure-

based PTSD treatment session.

RCTs fulfill the following criteria:
1) RCTs report effects of exposure-based PTSD treatment
2) Pharmacological agents are used shortly before or after an exposure-based session.
3) Pharmacological agents’ proposed mechanism of actions targets memory extinction or

reconsolidation processes.

Research questions

1. What pharmacological agents targeting memory extinction or reconsolidation of the
traumatic memory have been used in the context of exposure therapy for PTSD?
a) Which pharmacological agents were used?
b) What was the dosage?
c) What was the timing in the context of exposure sessions?

d) What is the proposed working mechanism of the pharmacological agent?
2. Effects of pharmacological augmentation of exposure therapy?

a) What was the length and type of the augmented exposure session?

b) Which combinations were successful and which were not?

2. Methods



2.1 Inclusion criteria

Randomized controlled trials (RCT) will be included that used a combined
psychological and pharmacological intervention both targeting memory reconsolidation or
extinction. Acceptable psychological interventions are manualized treatments such as
Prolonged Exposure as well as the use of brief trauma reminders and memory reactivation.
Further, a placebo control group must be used as comparator and the study must include at least
ten participants per treatment arm. Requirements concerning study participants are that all
participants had a PTSD diagnosis and were at least 18 years old. Lastly, the primary outcome
of the study must be PTSD overall symptoms. Pilot studies which meet all inclusion criteria
will be included as well. All kinds of prevention will not be included. Furthermore, all trauma

types and population subgroups will be accepted.

2.2 Information sources

Studies will be retrieved from literature databases. A systematic search for literature
will be conducted as detailed in the following section. Further, reference lists of previously
published systematic reviews and meta-analysis will be screened to complementary search for
potential studies. Lastly, study authors will be contacted if relevant information should be

missing.

2.3 Search strategy and study selection

A systematic literature search will be conducted for full articles on the databases
PubMed, Psychinfo, PsychNdex, PTSDpubs, MEDLINE and Cochrane. The database will be
updated every three months before publishing the systematic review.

The search strategy will be obtained from the preparation of the German S3 treatment
guideline for PTSD (Schafer et al., 2019), and will include the following key words: (PTSD
OR posttraumatic stress disorder OR Posttraumatische Belastungsstérungen or PTBS) AND
((treatment trial OR randomized controlled trial) or (indexed by a thesaurus term as a clinical
trial)). Inclusion criteria for the database are (1) the study is an RCT, (2) PTSD is the primary
outcome, (3) participants arel8 years and older, (4) the study is a peer-reviewed publication
and (5) each treatment arm has at least 10 persons. A systematic screening through all studies
as well as a specific search with related key words will be conducted by two independent

persons. The relevant key words are reconsolidation, extinction, (re-)activation, combined,



augmented, enhanced and assisted. Afterwards, the full articles of the screened pre-selected
studies will be assessed for their eligibility based on our inclusion criteria. For those studies, it
will be assessed whether the pharmacological agents target memory extinction or
reconsolidation as well as whether an exposure-based intervention was applied.

In addition, we will perform a systematic snowball search by screening reference lists
from included primary studies and relevant review articles. Two researchers will independently
screen articles and decide on eligibility of the study. In cases of disagreement between the

researchers, a third researcher will decide on eligibility.

2.4 Data collection

For data collection, the following study characteristics will be extracted: publication
year, sample size, gender, mean age, PTSD diagnosis, comorbidity, trauma type, study origin,
study design, PTSD measures, measurement times, intervention type and procedure, number of
sessions, medication dosage as well as group means, standard deviations, standard errors and
confidence intervals of PTSD symptom scales. To assess potential differences between trauma
types, it will be decided whether studies can be assigned to one trauma type based on their study
sample. A study will be categorized to one trauma type when the majority (70%) of the

participants had experienced that kind of trauma.

2.5 Outcomes

Primary outcome is PTSD overall symptom severity at post-treatment. For all studies,
results from intention-to-treat (ITT) analyses are preferred. If no ITT analysis was conducted,
results from per-protocol analyses will be used instead. For the PTSD outcome, only data
measured on a continuous scale at post-treatment will be examined. If a study used self-report
and clinician administered measures for PTSD outcome, both measures will be combined and
averaged using the formula below to obtain a more informative outcome measurement. The
same will be done when studies used several measures for self-reported or clinician
administered PTSD symptoms. The different measures used within one treatment group will be
treated as if they were two individual groups which will then be combined with the only
exception that after combining, the sample size is still the same. Subscale scores will also be
pooled using the same formula if a study reported only scores for the subscales of a measure

but not a total score.



Formula for combining two outcome measures and / or two groups:

N:M; + NoM,
M compinea = N F N,

SDecombined = L2
combined N1 + N2 -1

where Ni is the sample size Mi the mean and SDi the standard deviation of each group included for the analysis at this
measurement time

If a study has more than two intervention groups, we will decide whether the additional
groups received an active intervention or whether it was a passive / non-trauma focused control
group. In the case of an active intervention, the group will be excluded and only the remaining
groups will be considered for the analyses. However, if the groups is classified as an additional
control group (in accordance with the study inclusion criteria) with a non-trauma focused
intervention or no intervention at all, the groups will be combined using the same formula
shown above and a new sample size will be calculated (sum of both sample sizes). If scores are
only available for one of the control groups at post-treatment (e.g. if one control group was a

waitlist control group), they will be adopted.

2.6 Risk of bias

Risk of bias will be assessed with the Cochrane Risk of Bias Tool (15). We will assess
the effect of a pharmacological agent relative to placebo will be assessed. Using the tool, the
following five domains are assessed: (1) bias arising from the randomization process, (2) bias
due to deviations from intended interventions, (3) bias due to missing outcome data, (4) bias in
measurement of the outcome and (5) bias in selection of the reported result. The risk of bias
can be rated as low, some concerns or high risk. For each domain, it will be rated if there is a
low risk, some concerns or high risk of bias. The answer option no information may be used
when the published paper does not provide enough information to fully answer the signaling
question. When any of the domains within a study is rated high risk or more than two domains

are rated some concerns, the study is regarded overall at high risk for any bias.



2.7 Data synthesis

In this systematic review, studies will be analyzed and described in a narrative way.
Main characteristics such as study sample and setting, description and application of the
intervention as well as findings of each study will be detailed. Furthermore, study quality and
conductance will be appraised critically. Although no meta-analysis will be performed, effect
sizes will be calculated and plotted in a forest plot for a better comparability of the different
studies. All effect sizes will be calculated and estimated as Hedges’ g (16). Hedges’ g is a
standardized mean difference statistic and can be used when the analyzed studies used different
instruments for measuring the same outcome (15,17). Its interpretation is as follows: a
magnitude of 0.2 stands for a small, 0.5 for a moderate and 0.8 for a large effect (18). Group
means and standard deviations of PTSD symptom scales will be extracted for the calculation.
If standard deviations are not reported, other values such as standard errors or confidence
intervals will be used for its calculation. For the imputation of the standard deviation the

following formulas were used:

Calculation with the standard error:

SD = SE x VN

Calculation with the 95%-confidence interval:

SD = /N x (upper limit — lower limit)/3.92

where N is the sample size, SD the standard deviation and SE the standard error of each group included for the analysis at
this measurement time

2.8 Meta-bias

A possible meta-bias is a publication bias which could impact the interpretation of the
results found in this review. Therefore, it is crucial to check for a publication bias. This will be
done through inspection of a funnel plot and additionally an Egger’s regression test (19) will

be performed for a statistical assessment of a potential bias.

2.9 Confidence in cumulative evidence

The Grading of Recommendation, Assessment, Development and Evaluation (GRADE)

criteria will be used to assess the strength of the body of evidence.
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